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RegiomlInput-OutputamlysisoflndustrialWaste：

DevelopingaPriceModelfbrHyogoPre他cture,Japan’

By
TakehiroUsui＊

Abstract

Thispaperproposesanewiirameworktodescribetherelationshipbetweenindustrial
wasteandecono血cactivity，usingawasteinput-outputmodelAnindustrialwaste

input-outputtableisconstructedbyextendingtheHyogoPremecturel-Otableibrl990，

whichhas38sectors，ｌ９ｔｙｐｅｓｏｆｉｎdustrialwaste，industrialwasteincinerationand

landiillsites・Usingempiricalanalysis，weexaminetheeflectoftaxationonindustrial

wasteemission，ｉｎｃｌｕｄｉｎｇｔｈｅｓｉｚｅｏｆｔｈｅｉｍｐａｃｔｏｆｐricechangesonothersectors・The

analVsisshowsthattherateofpriceincreaseibrincinerationis2､55％．

１．Introduction

TheJapaneseeconomygeneratesmorethan400,000,000tonsofindustrialwasteevery

year，leadingtoproblemsofillegaldisposal，pollution，andshrinkinglandfillspace・
TheamountofwastehaslargelyleveledoffinrecentyearsOnehundredand

eighty-sevenmilliontonsofwaste，ｏｒ４６％ｏｆｔｈｅｏｒｉgmalvolume，iseliminated
throughintemlediateprocessing,includmgmcinerationanddehydration・Onehundred
andfiftymilliontons，ｏｒ３７％oftheoriginalvolume，isreusedandrecycledThe
remaininｇ68,000,000tons，１７％oftheoriginalvolume,goestoultimatedisposal,such
aslandfillsitesAcquisitionofdisposalsitesisbecomingmoredifficult，ａｎｄｉｎｔｈｅ
ｌ９９６ｆｉｓｃａｌｙｅａｒｉｔｗａｓｅｓｔimatedthatthecapacityofexistinglandfillsiteswouldbe

reachedin３.lyears

Economicactivityinevitablygenerateswaste・Ｔｈｅｌ９９７ＡｍｅｎｄｍｅｎｔｏｆＷａｓｔｅ

ＭａｎａｇｅｍentLawmandatesthatwithinreasonentrepreneursmustprocesswaste

arisingfiFomtheirproductionactivitiesSincecompaniesthatcreatewasteby-products
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havedirectliabilityfbrtheirwaste,theyareresponsiblefbrdisposingofitdirectly,or
indirectlybycontractingwithawaste-processingcompanyThus，thereis
interdependencebetweentheindustrial-waste-processingsector-theveinindustry-
andthewaste-processmgsector-thearteryTherehasbeen，however，little
economicinvestigationoftherelationshipbetweentheveinandarterysectors

lnthispaperweanalyzetheinterdependenceofindustrialwasteandtheeconomy
lnput-output(1-0)analysisisausefUltooltoanalyzemutualdependenceintheartery
sector,butthegenerationofwasteanditsrelationtotheeconomyhasnotbeenwell
describedintraditionall-OanalysisToexpresstherelationshipbetweentheveinand
arterysectors,thel-Otableshouldbeextendedtoincludewastegeneration．

2.TheoreticalBackgrouⅢＩ

Leontief(1970)pioneeredenvironmentall-Oanalysisbyincludingaircontamination
removalinI-OtablesDuchin（1990）andNakamura（1999）extendedLeontiefs

approachtotheproblemofotherwastcNakamuraswasteinput-outputmodel

includesthewaste-disposalsector,whichincludesthesorting＆shredding,incmeration，

melting＆solidification，andlandfill-disposalindustriesAssumingalinear
relationshipbetweenwasteproductionandtheproductionofgoodsandservices，he

analyzedtheeffbctofwasteprocessing，powergenerationfromwastethroughthe

broadeningofwastedisposal，thecosttoindustrialproductionofblast-filmace
reductionofwasteplastic，theamountofultimatedisposal，andcarbon-dioxｉｄｅ
ｅｍｌｓｓ１０ｎｓ・

Nakamura(2001)alsodevelopedWIO(Wastelnput-OutputTable)pricemodel
Themodelrevealsthattheunitpriceofwasterecyclingsectordependsontheactivity
ofothersectors,evenifspecificationofthemodelisunderfixedcoefficient,therefbre

themodelisnonlinear､BecausethepricemodelmustbeanonlinearoneThispaper
extendsNakamura1swasteinput-outputtablefiameworkandcontributestwo

additionalfeatures・First,itincludesanintra-regionalwasteinput-outputtableSecond，
Nakamura(2001)impliesthatunitpriceofwasterecyclingsectordependsonactivity
ofothersectorunderfixedcoefficient,butourmodeldoesn'tincluderecyclmgsector．

3.IndustrialWasteI叩ut-Outputmode1

3.1．Defmition；dischargeofwaste

Thecreationofindustrialwasteisdescribedasfbllows

l)Industrialwasteisgeneratedbyinputsintheproductionprocess、
２)Industrialwasteisalsogeneratedbythedepreciationordisposalofdurable

goods．



Thenumberofwaste-treatmentprocessesisgenerallylessthanthetypesofwaste
(A<腕),andhence,thematrixofTablelisnon-squarcForsimplicityofcomputation，
awaste-generationrowneedstobeconvertedintoawaste-disposalrow・Forthis

pumose,weuseanallocationmatrix，Ｓｋ伽(ﾉt×腕),ｔｏdescribetheallocationratiofbr

３)Thereisnoindustrialwastegeneratedftomfinaldemand

Forl),whichiswastegenerationfromaneconomicflow,weassumethatthistypeof
wasteproductionisproportionaltoindustrialsectoroutputlevelsType2)wasterefers
tothegenerationofwastefomgoodsinaneconomy,andweassumethistypeofwaste
isalsoproportionaltoindustrialsectoroutputlevels，ａｓｔｈｅｗａｓｔｅａｒｉｓｅｓ丘om
rebuildingorrenewalactivitiesAlthoughitisbettertomeasureboththelevelofwaste
emissionsandtheamountofincinerationorlandfilldisposal，itisdifficulttomodel
bothbecauseofvariabletechnologicalchangeandexchangeratefluctuations
Consequently,ｗｅｅｘtrapolatetheratioofincinerationandlandfilltomeasurethetotal

amoumofwaste・Ｆｏｒ３)，thereisclearlynoindustrialwastegenerationfiFom
householdsasdefinedinJapaneseWasteManagementLaw・Themodelconsistsofn＞l
industriesintheoutput-producingsector,aandktypesofwastetreatmentprocesses
inthewaste-disposalsector，zTheindustrialsectorproducesgoodsandservices
frominputsandgeneratesmkindsofwasteasby-products,Thewastetreatmentsector
treatswastethroughincinerationorlandfilldisposal．

Tablel:IndustrialWastelnput-Outl〕utTable(IWIOT),WasteGeneration
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Tablelpresentsasimplifiedpictureoftheeconomy､Ｘｂｉｓａｍａｔｒｉｘｏｆｔｈｅ〃×〃
output-producingindustries〃isthenetwastegenerationofthe碗typesofwasteNet
wastegenerationiscalculatedbyexcludingvaluablewastethatisreusedandrecycled
TheremamingwasteisincineratedordisposedofForinstance,Ｘｂかreferstotheinput
fiFomindustryjrequiredtoproducetheoutputofindustIy/､Waste凧吋referstothe
tonnageoftype胴waste（e９．，constructionwaste）resultingfromproductionin
industlW(ｅｇ.,theconstructionindustry）Thewaste-treatmentsectorconvertswaste
withchemicalinputsandenergyintooutput,聖andwaste,脳,whichistheamountof
wastegeneratedfiFomthewaste-treatmentsector,ｅ､ｇ,ashesfifomincinerationリノ5ａｎｄ
区arethevalueaddedfbrtheindustrialandwastetreatmentsectors,respectively．

3.2.Allocationmatrix

lndustry Wastedisposal Finaldemand Sumofrow

lndustrｙ

Wastegeneration

ＸｂＸｈ

肌砿

Ｘｒ

０

Ｘ
〃

Value-added Iﾉ１， Ⅸ
~

〃
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eachtypeoftreatment．

（"'＝'､2,…,Ｍ）Zsk耐＝’
た

(1)

skmmeanstherateofwasteノprocessedbywaste-treatmentﾉﾋ・Ｆｏｒexample，

whenconsideringaneconomycomposedoftwooutput-producingindustries（e９．，
１:agriculture2:manufacturing)，eachindustryproducesafinaloutputproductand
produceswastesasby-productsWeassumethatthewasteisnotrecycledbut
disposedofthroughmcinerationorlandfillWealsoassumethatthreekindsof
industrialwaste‐sludge，wasteplastic，andrubberwaste‐aregeneratedbyeach
industry・Theｎｔheamountofwastegeneratedbyeachindustryisexpressedbythe
fbllowingequation．

”隙ルー噸肋剛"搬紳
Therateofincmerationandlandfillattributedtoeachindustryisgivenexogenously

兆二雌重1胴撫'誓脇剛伽③
sl耐十ｓ2,”＝１

SmultipliedfiFomtheleft-handsiｄｅｏｆｗり

wJI戦職矧
＝馴欺蝋鞭:輝蝋）

(4)

(5)

Formstance,ｓ〃ｗ〃＋sﾉ2Ｗ21＋sﾉ3Ｗ3ﾉistheamountofincinerationrequiredfbrthesludge，
plastic，andrubbergeneratedbytheagriculturalindustry・Byapplyinganallocation
matrlx，wastegenerationisconvertedtothewastedisposalrequirementfbreach
waste-treatmentprocessPleasenotethattheconvertedmatrixisnottheamountofnet

wastegenerated,buttheamountofprocessingrequiredbythewaste-disposalsector・It
isregardedasagivenparameterinthismodel，sothatfixedtechnologyand



RegiQnallnputOutputanalysisoflndustrialWaste71

institutionalstructuresdetermiｎｅｔｈｅｖａｌｕｅｏｆＳＡ"！

3.3.1叩utandgenerationcoe価cienttable

S砿,ﾉーo,zinTable2showstheamountofindustrialwasteprocessingrequiredThus、〃

Table2representsourquantitativemodel．

Ｔａｂｌｅ２：ＩＷＩＯＴ:WasteDisposal

lndustlyWastedisposal Finaldemand Sumofrow

Industry Xｂ脇 野 Ｘ

Wastedisposal S肌Ｓ肌 ０ Ｓ〃

Value-added 脇 歴 〃

Thephysicalunitofequation(6)isdemandandsupplyfbrthewastefromtreatment
sectork,itdeterminedasfbllows：

s姉Ｚｗ｡”＋sk"Ｚｗ…＝sI""w耐Ｊｔ=',…,Ｋ
ノ ｋ

(6)

Skm：Allocationmatrlx，ｗｏ:可：wasteemissionmatrixofindustrySector，Ｗｚ:腕k：waste

emissionmatrixofwastetreatmentsector,andｗ".:sumofwaste(vector)．

IfproductionofwastetreatmentSector(Zﾙ)ｉｓgiven,productionofwastetreatment
priceい)isdecided．

ｐAｒ
Ｚｋ

Ａ＝１，…,Ｋ (7)
ＳｋｍＷ碗．

lfpriceofpkismultipliedtobothsidesofequation(6),theeqUationofpriceunitis
decidedasfbllows，

肌碗Ｚｗ.”＋〃姉Ｚｗ星緬騰＝zﾙ
ﾉ ﾙ

(8)
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Ｔａｂｌｅ３：ＩＷＩＯＴ：Ｉ叩utandGenerationCoeffiCiemTable

lndustrV Wastedisposal

IndustrV ４。４２

Wastedisposal ＳＧ。ＳＧｚ

ＷｅｏｂｔａｉｎＴａｂｌｅ３，whichconsistsofinputandgenerationcoefficients，by
dividmgeachelementofasectorinTable2bytheamountofactivity,asmeasuredin
thenominalcurrencyｖａｌｕｅｏｆｏｕｔｐｕｔｏｒｔｈｅａｍｏｕｎｔｏｆｐｒｏｃessingAj，ｊ＝o，ｚ，are
conventionalinput-outputcoefficientsForexample，elementαザofmatrix4o
representstheinputfiFommdustryjrequiredtoproducetheoutputofmdustryﾉ.Ｇｊ，
I＝o，zaregenerationcoefficientsshowingtheamountofwaste-processingactivity
requiredfbreachoutput,whereanelementgIIfofGzmeanswastedisposaMrequiresノ
amountsofprocessingactivity・

WecanexpresssuchconditionsusingcoefficientsftomTable3asfblloＷＳ

陰金j②+㈲二(ヨ

馴些三舎:[二釧芳ｌ

－Ｉ:::::j㈲

(9)

(lO）

ＷｈｉｌｅＢ｡｡，BozareelementsoftheconventionalLeontiefinversematrix，Ｂｚｏ，Bzz

areelementsparticulartoanindustrialwasteinput-outputtableElement6z叩ofBzois
theinput廿omwaste-disposalsectorjrequiredbyindustryﾉ,directlyandindirectly,in
ordertosatisfyfinaldemandSincetheamountofindustrialwastedischargedbythe
finaldemandsectoriszero,ifthefinaldemandfbrgoodsandServices,XBisgiven,X
andZaredetemlinedbytheinversematrix（RefertoAppendixAfbrtheprecise
procedurefbrconstructinganindustrialwasteinput-outputtable）

4.AnalysisusingIWIOT

Weempiricallyexammetheeffectoftaxationofindustrialwaste､Someprefecturesare
planningtoinitiateanindustrialwastetaxasalocalenvironmentaltaxThistaxwill

beimposedonacompanywhenitcontractswithanintemmediarytoprocessitswaste
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orwhenitseeksultimatedisposal､Thistaxaimstoallotareasonablewaste-processing
costandtoreducethevolumeofindustrialwaste・Italsostimulatesrecyclingand
reductionofwasteForexample,MiePrefecturewillmtroducesuchataxattherateof

l､000ｙｅｎpertonofindustrialwastelfthistaxwereintroducedmHyogoPrefecture，
howlalgewouldthedirectandindirectimpactbe？

4.1．Ｐｒｉｃｅｍｏｄｅｌ

Taxationofindustrialwasteleadstoanincreaseinthewaste-processmgcostsofeach

industry，directlyandindirectly，andresultsinnewoutputprices・Equation

(11)explamsthepricemodel､Withaninput-coefficientmatrix,Ａ,pricevector,Ｐ,and
value-addedvector,Ｖ,theconventionalpricemodelisasfbllows．

Ｐ＝ＰＡ＋Ｖ

Ｐ＝Ｖ(１－Ａ)-’

Anelementofequation(12)canbewrittenasfbllows．

EixノーＺＲａ,xj＋vｊｘｊ（ノー'’2,…,","+１，…"+K）

Ｂ＝ｚＲａ,＋v，

(11）

(１２）

(13）

ElementaヴisaninputcoefficientandshowstheamountofmputrequiredfiDm
industryjtoproduceaunitofindustryノoutputEquation(13)showstheconventional
pncemodelofthe/thsectorTaxationofindustrialwaste,唖isimposedontheﾉth
sectoratataxrateofjWenperunitofincinerationandlandfillserviceTheequationis
asfbllows．

取ノーＺＲ.α’xj＋vﾉxj＋Zｉ

写 Ｚ恥,+vﾉ+ｌｉｊ
Ｊ

ｗ伽･elij＝7]i/xノ

(14）

(15）

Inequation(15),りexpressestherateoftaxationfbreachsectorSubtractingequation
(15)fiFomequation(13),wegetequation(16)．
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(16）△fli＝Ｚ△Ｒａ'＋ｉｊ

ｗ”ｅ△Ｅ＝Ｒ＊
岨＝呼

Ｒ
Ｅ

Equation(14)showsthenewpricelevelwhentaxationisimposedonindustrialwaste
productionlnvectorfbrm，

(△Ｐ!…△p".,)=C!…i』 (17）

Element6りisanelementoftheLeontiefinversｅｍａｔｒｉｘａｎｄ△Pistherateofincrease
inoutputprlces・ＲｅｓｕｌｔｓａｒｅｓｈｏｗｎｉｎＴａｂｌｅ４ａｎｄＦｉｇｕrelThepriceofwaste
treatmentisdecidedintheregion,therefbrenetwastetransfilsionisexogenous．

4.2.ReSultSofpriceanalySiS

Figurel,2,3showdirectandindirectimpactoftaxonpriceTheseFiguresshowthe

resultsofthreepattemsoftaxation,ｌ)taxationonincineration,２)taxationonlandfill

disposal,ａｎｄ３)taxationonmcinerationandlandfilldisposalThefiguresshow,firom

backtothefiFont,(1-A)-',tax,lst,ａｎｄ２ｎｄ,displayingrespectively,wholerepercussion
effbct,taxlevying，lstrepercussioneffect,and2ndrepercussioneffect・Ｔｈｅｎumberlto
37correspondtosectors（refertoTable5)．Withtaxationonincineration，ｔｈｅ

Petroleum＆CoalProductionindustryistheindustrymostaffected，withaprice

mcreaseofO､0075％・Thisindustrygeneratesagreatdealofwasteoil,wastealkaliand

wasteplastic・Steelisthesecondmostaffectedindustry，andexperlencesprlce

increasesof0.0037％,generatmgwasteplastic,metalwasteandwasteoilThePulp，

Paper＆WoodenProductindustry,whichgenerateswoodwaste，organicwasteand
paperwaste，isthethirdmostaffectedMostofthewastefiFomtheseindustriesis
mcinerated

Withtaxationonlandfilldisposal,theincinerationindustryistheindustrymost

affected,withapriceincreaseofO2105％,becauseofbulkdisposaloftheashfiFom

incinerationPricesintheceramic,clayandstoneproductmdustryriseｂｙ0.01712％，
withthisindustrygeneratinginorganicsludge,aswellasglasscullet＆wasteceramics，
ｗｈｉｃｈｈａｖｅｏｎｅｏｆｔｈｅlowestratesofrecyclingamongallkindsofindustrialwaste

Theconstructionindustryhasapriceincreaseof０．０１７２％andgeneratesconstruction

waste,glasscullet＆wasteceramics，andinorganicslagDespitethehighrecycling

rateofconstructionwaste(70％),thenetamountofwasteproducedbythisindustryis

hugeandresultsinlargeenvironmentalloadsonlandfillsites．
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Finally,weshowtheeffectoftaxationwhenitisimposedonbothincinerationand
landfilldisposalThepricesoftheincinerationindustryrisebyO21０９％§pricesinthe
ceramic,ｃｌａｙａｎdstoneproductindustryrisebyOOl84％;andpricesinthepetroleum
＆coalproductindustryrisebyOOl803％．

Ｉｔｉｓｍｔerestingtonotethatthepriceincreaseisgreaterintheceramic，clayand
stoneproductindustrythanintheconstructionindustry,althoughthetotalvolumeof
wastegeneratedbythefbrmerisonly2％ofthevolumegeneratedbythelatter・This
canbeattributedtothefactthattheceramic，ｃｌａｙａｎｄｓｔoneproductindustIyhasa

largerinputcoefficientfbrlandfillprocessmgthandootherindustrieslngeneral，
processingindustrieshavehigherpriceincreasesTheresultsshowthatindustries
thatgeneratealargevolumeofnon-recyclablewastehaveahigherpriceincreasewhen
wastedisposalistaxed

Conversely,itisthoughtthatserviceindustriesareseldomaffectedbyincreasesin

waste-processmgcosts,andthevolumeofwastethatissentfbrincinerationorultimate

disposａｌｉｓａｌｓｏｓｍａｌＬＷｅｓｈｏｗｔｈａｔｐｒｉｃｅｉｎcreasesaregenerallyhighinbasic
processingindustriesandlowinservicｅindustries

5.Conclusion

lnordertomvestigatetherelationshipbetweenindustrialwasteandeconomicactivity，

wedevelopedafiameworkusinginput-outputanalysisappliedtoindustrialwaste

productionSinceNakamurasmodel（1999)containsthehouseholdsector,theprice
model，whichisdualtothequantitymodel、cannotbeconstructedinhisfiFamework

Money-basedanalysisisnotpossible,becausethedisposalofwasteiscoveredbythe
budgetofalocalgovemment,unlesstheburdentothehouseholdsectorbecomesclear、

However,aprlcemodelcanbeconstructedfbrindustrialwaste,sincewaste-producing
industriesorwaste-processmgtraderscommissionedfbrdisposalpaythecostofwaste
processingUsingtheamountofwaste-processingactivityderivedbythequantitative
model,thispaperfbrmulatedapricemodelusingtheaverageprocessingcost

Forempiricalanalysis,weusedtheindustrial-wasteinput-outputtable(IWIOT）
andanalyzedthemagnitudeoftheprice-spreadeffectofanindustrialwastetax
However，smcethestaticfiameworkofinput-outputanalysismakesithardto
distinguishwasteproducts，suchasconstructionwasteandshredderdust廿omcar

waste,thispaperfbllowstheapproachofNakamurainassumingthatstockwastesare
dischargedinconnectionwithoutputproductionlnco叩oratingrecyclingintothis
papersmodelwouldalsobepossibleandprovideaninterestingextensionTheseare
issuestobeexaminedinfUtureresearch
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Table４.RatesofPriceIncreaSe;ＴｈｅＩｍｐａｃｔｏｆａＰｒｉｃｅＣｈａｎｇｅ

lncineration Landiill Totalefllect

Incineration(Industrial） 0.00036％ 0.21050％ 0.21086％

Ceramic
フ Stone＆clayproducts 0.00120％ 0.01715％ 0.01835％

Petroleum＆coalproducts 0.00745％ 0.01058％ 0.01803％

Construction 0.00233％ 0.01485％ 0.01718％

Steel 0.00372％ 0.00967％ 0.01339％

Mining 0.00079％ 0.00910％ 0.00988％

Pulp,paper＆woodenproducts 0.00472％ 0.00314％ 0.00785％

Non-ferrousmetals 0.00167％ 0.00457％ 0.00625％

Ｏ価cesupplies 0.00286％ 0.00241％ 0.00527％

Electricity,ｇａｓ＆thermalenergysupply 0.00107％ 0.00415％ 0.00522％

Metalproducts 0.00144％ 0.00339％ 0.00482％

Othermanufacturedproducts 0.00209％ 0.00240％ 0.00449％

Food 0.00244％ 0.00179％ 0.00423％

Textileproducts 0.00108％ 0.00296％ 0.00403％

Transportationequipment 0.00129％ 0.00272％ 0.00401％

Electricalmachinerｙ 0.00153％ 0.00225％ 0.00378％

Generalmachinely ０．００１１６％ 0.00228％ 0.00344％

Chemicalproducts ０．００１１４％ 0.00179％ 0.00293％

Transport ０．００１１３％ 0.00151％ 0.00263％

Miscellaneousbusinessservices 0.00142％ 0.00107％ 0.00249％

ActivitiesnotclassifiedelseWhere 0.00093％ 0.00150％ 0.00242％

Fishi､９ ０．００１１０％ 0.00107％ 0.00216％

Watersupply 0.00061％ 0.00155％ 0.00216％

Precisionmachinery 0.00074％ 0.00140％ 0.00214％

Agriculture 0.00082％ 0.00075％ 0.00157％

Personalservices 0.00057％ 0.00074％ 0.00131％

Medical＆healthservice 0.00051％ 0.00079％ 0.00131％

Otherpublicsupplies 0.00052％ 0.00062％ ０．００１１５％

Publicservices 0.00039％ 0.00069％ 0.00108％

Forestry 0.00041％ 0.00057％ 0.00098％

Education＆research 0.00038％ 0.00059％ 0.00097％

Landiill(industrial） 0.00022％ 0.00069％ 0.00091％

Ｃｏｍｍｅｒｃｅ 0.00033％ 0.00048％ 0.00082％

Waste-disposalservices(public） 0.00030％ 0.00047％ 0.00077％

Realestate 0.00016％ 0.00060％ 0.00076％

Financialservices＆insurance 0.00030％ 0.00036％ 0.00066％

Waste-disposalservices(industrial,eXcllandiill） 0.00026％ 0.00034％ 0.00060％

Communications＆broadcasting 0.00023％ 0.00031％ 0.00054％



Inthissectionweshowhowtoproduceanindustrialwasteinput-outputtablefiFomthe
input-outputtablefbrHyogoPrefbcture[3］Industrialclassificationisthesameasfbr
Table5．

JournalofAppliedlnput･OULputAnalysis,ＶＯＬ８，２００２

AppendixAIndustrialWasteI叩ut-OutputTablefOrHyogo
Prefecturｅ

Ａ､1.ＰｒｏｃｅｄｕｒｅｏｆｌＷＩＯＴ

8０

Ｔａｂｌｅ５：IndustrialClassification

Ａ､1.1Divisionofthewaste-treatmentsector

Tomcludemdustrialwasteintheanalysis，wedividethewaterservice＆

waste-disposalindustryintowater-service,wastedisposal(public)andwastedisposal
(industrial),andfUrtherdividewastedisposal(industrial)intoincineration(mdustrial)，
landfill（industrial）andotherwaste-disposalservices（industrial，excludinglandfill）
(seeTable5).Waste-disposalservices(public)consistofpublic-sectorcollectioｎａｎｄ

１
２
３
４
５
６
７
８
９
ｍ
1１

２
３
４
－
コ
６
７
８
９

１
１
１
１
１
１
１
１

Agriculture

ForestIy

Fishing

Ｍｉnｍｇ

Food

Textileproducts

Pulp,paper＆woodenproducts

Chemicalproducts

Petroleum＆coalproducts

Ceramic

Steel

フ Stone＆clayproducts

Non-ferrousmetals

Metalproducts

Generalmachinery

Electricalmachinery

rransportationequipment

Precisionmachinery

Othermanuficturedproducts

Construction

０
１
２
３
４
５
６
７
８
９
０
１
２
３
４
５
６
７
８

２
２
２
２
２
２
２
２
２
２
３
３
３
３
３
３
３
３
３

Electricity,ｇａｓ＆thelmalenergysupply

Watersupply

Waste-disposalservices(public）

Otherwaste-disposalservices(industrial,excllandfill）

Ｃｏｍｍｅｒｃｅ

Financialservices＆insurance

Realestate

Transport

Communication＆broadcasting

Publicservices

Education＆research

Medical＆healthservices

Otherpublicsupplies

Miscellaneousbusinessservices

Personalservices

Ｏ価Ｃｅ supplies

Activitiesnotclassiiiedelsewhere

Incineration(industrial）

LandⅢ(industrial）
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processmgofhumanwasteandgarbage,andwastedisposal（industrial）consistsof
private-sectorindustrial-wastecollection、transportationandprocessingHowever、
thereisnodivisionbetweenwastedisposal(public)andwastedisposal(industrial)in
theclassificationofHyogoPrefecture'sl-OtablcTherefbre、weusedaninput
coefficientfbrbasicassortmentsfiFomJapan，ｓｌ９９０１－Ｏｔａｂｌｅ

Ａ､1.2.Estimationofincinerationandlan｡Ⅲdisposal

Wedividedwastedisposal（industrial）intoincineration，landfillandotherwaste

disposallncinerationisprlvate-sectorindustrial-wasteprocessingspecializingm
incinerationLandfillistheprivate-sectorindustrial-wasteprocessingspecializingm
landreclamationOtherwastedisposalisprivate-sectorindustrial-wasteprocessing
usingothertypesofwasteprocessmgHoweverincinerationandlandfillindustriesdo
notexistinthebasicindustryclassificationofthemostdetaileddivisionofanational

l-OtablcTherefbre，weestimatedtheirproductionandcalculatedinputcoefficients
usingfinancialstatementsoftheindustrial-waste-processmgsector［16]andaverage

productionlevelspercompany､Astherearenoseparatedatabyindustrywithinthis

sector，weassumedtheratioofwasteproductionbytheincinerationandlandfill
industriestobethesameasfbrtheindustrial-wastesector・

Coefficientsfbrthemcinerationandlandfillindustrieswereestimated廿omdata

fbrthecostofpublicwastedisposalinthecityofKobe[6],asitisdifficulttoobtam

costdatafbrwastedisposalbytheprivateSector．

Ａ､2.ConversionMatrix

NextweestimatedtherelativeratiｏｏｆｈｏｗｅａｃｈｔｙｐｅｏｆｗａｓｔｅｉｓｐｒｏcessedWe

integratedtheclassificationofl8industrialwastesand46industries（18×46)[5］to
createanlWIOTwithl9industrialwastesand38industries2．

Ａ､2.1.Allocationmatrix

Table6showstherelativeratioofhoweachwasteisprocessedWasteisultimately

processedintwoways:incinerationandlandfillWeuseddatafiFomotherprefectures
[13]becauseofalackofdatafbrHyogo．

２Ｓludgeisthedominantindustrialwaste､Therearemanykindsofsludge､Forinstance,sewagesludge，
fbodsludgeetc､arecalledorganicsludge・Limesludge,platingsludgeetc・arecalledinorganicsludge・

Sinceorganicandinorganicsludgeｕｓｅｄｉ舵rentdisposalprocesses,theyareaccountedibrseparately・

WeseparatedorganicandinorganicsludgeusingtheexpostratioofgenerationbyeachindustlyfiFom

thedataofNakamura(2001,ｐ23,Figurel7)．



Acompanythatproduceswasteby-productscaneitherprocessthewasteitselfor
contractwithawaste-processingcompanythatundertakesintermediateprocessingand
landfilldisposaLThebasicl-Otableincludesselfとprocessinginnominalcurrency
termsTocalculatetheamountofprocessingbytheincinerationandlandfilldisposal
industries，weuseadisposalcoefficientfbreachofthel9industrialwasteitems
processedbytheseindustries(RefertoTable7)．

Sinceindustrialwastemaybetransferredoutsideaprefecture,weusenetwaste
transferredoutsideHyogoPrefecture[４１Thecoefficientfbrwithin-prefecturedisposal

Ｔａｂｌｅ６：AllocationMatrix

Ａ､2.2．CoefYicientoftheindustrial-waste-disposalsectorandcoefWicientof
within-prefecturedisposal

８２JournalofAppliedlnput･OutputAnalysis,Vol､８，２００２

Classiiicationofwaste lncineration Landfill

１ lncinerationash 0.000 1.000

2.1 Organicwaste 0.758 0.242

2.2 Inorganicwaste 0.016 ０．９８４

３ Ｗａｓｔｅｏｉｌ 0.668 0.332

４ Wasteacid 0１９１ 0.809

５ Wastealkali 0.987 0.013

６ Ｗａｓｔｅｐｌａ 0.721 0.279

７ Wastepaper 0.030 0.970

８ Woodenwaste 0.995 0.005

９ Wastetextile 1.000 0.000

1０ Anmal＆plantresidues 0.526 0.474

1１ Wasterubber 0.000 1.000

1２ Scrapmetal 0.064 0.936

１３ Glasscullet＆wasteceramics 0.000 1.000

1４ Sla○
ら 0.000 1.000

1５ Constructionwaste 0.001 0.999

1６ Animalwaste 0.224 0.776



lndustrialwastegoestoincinerationandlandfillsitesafterotherintermediate

processing,suchasneutralization,dehydrationandsorting＆shreddingTable8shows

theseintermediateprocesses,withweight-lossratioscalculatedfiFomthedataof[13]，
exogenouslydecidedexpostfacto．

isshowninthelastrowofTable7．

Ｔａｂｌｅ７：CoefficientofTheIndustrial-Waste-DisposalSector
andCoefficientofWithin-PrefEctureDisposal

Ａ､2.3.Weight-lossratioofwastes

Ｊ
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Classincationofwaste Coeflicientofthe

industrial-waste-di

sposalsector

Coe価cientof

within-preilecture

disposal

１ lncinerationash 0.850 ０．１３９

2.1 Organicwaste 0.785 ０．５９０

2.2 Inorganicwaste ０．４９５ 0.403

３ Ｗａｓｔｅｏｉｌ ０．９８８ ０．２６１

４ Wasteacid 0.949 ０．０１６

－

コ Wastealkali 1.000 ０．２１７

６ Ｗａｓｔｅｐｌａ ０．８８７ ０．６０６

７ Wastepaper 0.945 ０．８１８

８ Woodenwaste 0.262 ０．９３８

９ Wastetextile 0.253 0.101

1０ Animal＆plantresidues 0.905 ０．５２１

1１ Wasterubber 0.608 0．２１１

1２ Scrapmetal 0.727 0.688

1３ Glasscullet＆wasteceramics 0.594 0.569

1４ Sla９ 0.916 0.050

1５ Constructionwaste 0.261 0.841

1６ Animalwaste 0.523 0.429

1７ Carcasses 0.523 0.429

1８ FｌＶａｓｈ 0.343 0.107



8４ JournalofAppliedlnput･OutputAnalysis,ＶＯＬ８，２００２

Ｔａｂｌｅ８：Weight-LossRatioofWaSteS

Wastetreatment Weight-lossratio

DehVdration ０．１３０

Dehydration→Othertreatment ０．１３０

Dehydration→Drying 0.090

Drying 0.340

Separationofoilywater 0.160

Separationofoilywater→Drying 0.330

Sorting＆shredding 1.000

Compression ｌＯＯＯ

Neutralizing ０９８０

SincethedataarefbrOsakaPrefecture，ｗｅａｓｓｕｍｅｄｔｈａｔＨｙｏｇｏｈａｓｔｈｅｓａｍｅ
ｗａste-disposaltechnologyForexample，iforganicsludgeisincineratedafter

dehydration,itsweight-lossratiois87％､Theweight-lossratiofbrHyogoiscalculated
usingthistable．

Ａ､2.4.CoefWicientofincinerationash

Thewasteinput-outputtableassumesthatwastedoesnItvanishthroughincineration，
butisconvertedtoanotherfbrmSection31pointsoutthatincinerationgenerates
incinerationashWecalculatethecoefficientofincineraｔｉｏｎａｓｈｍＴａｂｌｅ９，whose

constructionisexplainedin[l3lForexample,ifaunitofwoodwasteisbumed,the
volumeofashisOO71ncinerationashgoestolandfillsites．
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Ｔａｂｌｅ９：CoefficientoflncinerationAsh

Classiiicationofwaste Coeflicientof

incinerationash

１ lncinerationash

2.1 ｏｒgaｎicwaste 0.013

2.2 lnorganicwaste 0.073

３ Ｗａｓｔｅｏｉｌ 0.009

４ Wasteacid 0.003

５ Wastealkali 0.009

６ Ｗａｓｔｅｐｌａ 0.046

７ Wastepaper 0．１３９

８ Woodwaste 0.070

９ Wastetextiles 0.076

1０ Animal＆plantresidues 0．０８１

1１ Wasterubber

1２ Scrapmetal 0.458

1３ Glasscullet＆wasteceramics

1４ Sla９

1５ Constructionwaste 0.800

1６ Animalwaste ０．１００

1７ Carcasses 0.086

1８ Flyａｓｈ

Ａ､3.Integrati0n0ftheconⅦrsionmatrix

Thefbllowingoperationsarecarriedoutmaking38divisionsinthelWIＯＴ,includmg
theallocationmatrix,coefficientsfbrtheindustrial-waste-disposalsector,Coefficients
fbrwithin-prefecturedisposal,andwasteweight-lossratios．

”

where

ハノヘ八

=sTmGﾘﾘﾉIｊ (41）
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ＳＴ＝transposedmatrixoftheallocationtable

T＝diagonalmatrixofcoe価cientsoftheindustrial-waste‐disposalsector

H＝diagonalmatrixofcoefficientofwithin‐prefecturedisposal

G＝diagonalmatrixofdecreasingrateofwastedisposalsector

略＝(matrixofclassificationofindustrialwastes)×(matrixofclassificationof
industrialsector）

”＝matrixofwaste-disposalsectorxthematrixofclassificationof
industrialwastetreatedbyincineration

Thecoe缶Cientofincinerationashismultipliedbywasteinputintothemcineration
industryanditswasteby-product，mcinerationash,goestothelandfillindustry､The
totalvolumeofincinerationashiscalculatedbymultiplyingtheCoefficientof

incinerationashbyequation(A-2）

伽"州加ａｓ方＝sr剛Ｇ〃Ｉｊ
ｗｈｅｒｅ

Ｂ＝diagonalmatrixofthecoe缶cientofincineration
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