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72, HEWEPEZETIIIIE, CASE &FEIEN 3 100 FiIC—EoOHMAFE AWz T3,
CASE 2z 277 v F{t (0), BEh#ixlt (A), »=7 Vv (), BEML (B) ©
oK E R FMiZHEEAIEL, FrcEEifk, 22V Y Y vABHE,? L ELKRATH
~O AR RCIC R - EHE R EETH L. /2027 V) v 7 I3EIL 2R
HETZHERFZEINT VD20, TN6 D% MARFICEET L I EXERLE INTWL
3. 2D X5 ICHBHEMEOWIKN < 4 Y X vk ClittaBhia & HBHEEEE O
MBI EZEET e BRDONT WD, (K, REIRHEERLRITHL T, EHE
DYFIVAEREL, ZONNHERERIEN~A Y A v MITIELLTER, L L,
HEjEHEER I D 2 DEOMIEI ~ 4 2 X v b CIREFEMNEA B X 2B %% E
TEIRERH L L0 YF ) AREM s X OKEEL, >~ F ) ol A REEL
T2z, ZoOFEICH LT, HKifi#ins X a8z EEL 72 AEEAE D
HIgH~A Y AV &, FHEEEHCTERT 20ERH L EEZLND.

Z ZCAWgE T, BB O 7R e A icm T 2B~ A A v D T A4
T7¥ A4 70y Iab—a v (LCS: Life cycle simulation) & X 2 (R¥EEEREED v
F U AGAEE HIE . LCS I3 —85 7 7 3 ) 2R e L Cilis X ok
EEETAMEL, ZO~T IV TA 70— %EHERY 12— 3 VEITCEIN
Ky 3al—vavd3lLT, FA7H 4707 uv R CREEAMEaI X %
BT 274 794 2 V-G ERTH Y, B o4 R HE e mINGHE, © % 2%
TAREDY FVFGIICENTH S, LHRIEH~A T AV P E2ET LT 21T
BEEOT VA Y —DEET LMY AT ARG 2T MUT 208 H 508, @B AT
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va v TXET AL, BITHERICTORINTER LCS ETABXUVBY AT LD
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PEEF LA, JeiEE A2 v e LT, NI KREAEFERXRNE ICHK D RFEET
B I EERLTERR, REEEREHEEGIIRATRERGHcHr2 L ELY
%3, ZOXHICE D ERO— IR AD O SR EMAE T b s, 20
FeIZJESE B b R A D o 23z R LzRRcd b, KEEEKEMNEAH &
Bb X o TEFHERIZEBICHI L T % 72, 2022 SEHE, BLic NEAEARH LA
TYOREITHIRICFEST 2 EMEREREZBA - LA I LTV S i)i‘[ 1, 5t b R
ANB QN 3k %, 2100 FICEMHFEADER 110 BACEES 2 L AT
52 - KEE EEEARDET2X0% <@%ﬁfﬁﬁﬁ§#EL h3 Lz
3 be, TNETURICE S OFEFEMHE SN, BERS ZACEHEEYE P X
NHENDD 5.

L2 L, HEREREAGERTH S 2 & 3HETH Y, ANEHORFIGE) L ATEE) I
Lo TRETIHIK~DEMICOVWTHHARTE LR, 20| iﬁj‘z%ﬁﬁ?ﬁ@lanetary
boundary) 23TETET 5[3]. 1980 FICEFEHARERE G2 F & 0 7= LR kg I
S c LAk, TR vTReZBrZE ] o BEEE ﬁ%uMiﬂ,mwﬁuihﬁﬂ%&
BF HAE (SDGs: Sustainable development goals) 23FRIR & 7223, Z DFEHICTIIANEHD
RGBT RO RERF T TfTbh s 2 L o3Hifg L 72 2. HngiAﬁ@ﬁ%ﬁ
B BT 2R e O R TH L RFNE, BREN, hatoBEREoLEERL T
B [4], REAERBHETONIREFEE - EROR, FEREZFFICHES +Y
TNR LT Ay ORRERET, SRITEERAEI S N7z 4 R Mo Rt
FGEIAREL LR LT 5, 04 A MG T A % 8 2 72 RFEENIIFE T
Ehnwo e, 2L TCHIERY 27 L 0fRA % M2 72880 - thaifEhidEfcE v L
ZIRITICR L T 5

=
o D' (=

Economy first Triple bottom line Nest structure

Fig. 1-1 Relation transition between elements of sustainability [3]



BIE, sRERFUCHEIL L 72 RPFEEI 2 BT 2 1C 72 o ¢, B b RIEED
—D L LT HEEZ RO E T A MR ZRBRBBENFE I N TS, N FER
2015 4 o EH R A BIFAH A S 21 BIFFFE S (COP21) THR & 1, AR D
HRR LR ZEESGUATE L T2°CX Y MK &S, 1.5°CIciiz 281 %+
5 EPHREETRO HND Z & Lo T2[6]. T DFEFEFEMLRTICN T 2 AR
R 2°CRIEDFEKIC X, 2070 FEH S 2100 FF TOMIC NALIFEOREMFE S R
PEEZ IERE m AT, X 51T 1L.5°CoRim DR IC 1% 2050 FFLEIC ERE r DA IC L
RIFERSRVWE INTWE[T]. T OFERDZDICITIHE, £, FF, ekl
HOWBLVATLORKBERBETHY, X OEEDOFMICIZIZTA 754 7 VA
HEilEOoOnTfToTtwl kv ons,

iR BEHADFERICH 7o TEHIN TV REE L L CHBHEERE TSNS,
BT, R 2EORENR T ZAPHED 5> b HEIEREIIN 18%% HD[8], £25%
DHEF A DI X o CTHEHEGEIITAEDOK 1.3 EE 25 2050 I3 2.1 {£5
T 2L ENTWB[9]. 2D L h 6 HBENHEEEIINR TS DFERICK X i
Brlgs et y, BEHERCEDL 2MBERIHBET 4 794 7 vicie
K2 e EEHEE (CO) HEHES XUEBEFEHERZHIHMT 2720074 7%
AIN=ATP AV EBRRDONT VWS, TN, ThEChREITHLEOBESERNEE
BRI X 2 ERSIEMZ Hig L <, FHOEED 7L 4 ¥ — Rl xR 22 6 H
OIS & PE T 2 HIGH ~ A Y A v PR EMEINTE D, BRFAELE WO
HEFEZER L I ~A Y A v FoFEfivRDbNTWE 2 L 2EKT 2, $7,
ZIITH 2 CHBEPESE TlE CASE EMEEIL S 100 FEIC—EDOREHF AWz T3,
CASE ix=2# 77 v Mk (O, BHEnEE({L (A), =7V v (9), &#ift (B) ©
WODRE REMAYEZIES. cohcd, FicEBHL, 2%V XEXABEDOL K
IR EMLSDERICE T 2EEAHO—oOLINE. CTHIFBEBRHBHES [ 794
I NEED CO PREREPEFD A Y ) v HEIH L IR L ThT Wiz TH Y [10],
REECERABEOEABFEIRE SN, BfE0 7Y ) vHBEY L OiHI2 HiE
T, HEHEOY =27 Y V7 IFELRHBEOGVEA I X P 2ENT 2 4% L,
BRAHEOL KEED -0 0 EELRERO—D L IN[11], HEHEOEHL L HE)
Hy 27 ) v /U ROMERFRIRFICEET 2 L PAEEE INT WD,

DX ) ICHBEMEOWIIN ~ 1Y A v b Tkt SEIA & HEEEESE O
BN % EET 2 ARk ON TS (Fig. 1-2). 6K, BFEIIAMHEFRRRK I
LT EBDYF VA ZHEL, Z D0 R 2 Mg~ 42 A v MG L TE 7,
L2 L, BEEHEEEICHD 2 REOHISH ~ 4 2 X v b CIIEdNEIn 5 X Ot aB)m
EEETDIMENRD LT Y ARER s X ORI L, >vF ) Ao
W32 &2 2. CoOFEICH LT, BifiBm s X OtEaBin % %58 L 7= HEEH
BEOHIEH <A AV b, SIREEEHCCXET 2 X0ERH L LEZLNS.
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_ Decarbonization goal
Social trend (Social goal)

Strategic management

Automotive industry
and surroundings

Technical trend

S: Sharing
E: Electrification

Fig. 1-2 Scope of this study

1.2. ARBHET77A—F

RIfiCOMESER422Z 0 <, ANECRABREMEELREED Y F ) A0 %
YXHETHEEAEL, HHBHEOERLL v =7 ) v /RIS A HEEE
LB~ A A V2 T4 T A AT Ta—FicEoOwTCET LT S C
LEWIEEE L. BARRiciE, BEHOEE L =T ) vk, 2L TH:
LSHERZB L BRI~ A v P PR AEERICEZ 2B ICERH L2747
HA 70y 2L — =y (LCS: Life cycle simulation) €7 A %545, 2 C
T, BATMFRICCHEHEY =7 ) v 72N RE L T4 754 Z A5 HTIE AR L <
BY, $72BE2ER L BRI A Y N OHERTATIAINT T
H—F2bRAMRIRITEAE R, RS CliAEBHEOE Ly =T Y v
YhrHRLeTMELE, HREEZZERL 2B~ AP A Y PO DET
MbEZNENST - 2 RICHEEL 22T A2 HAEDE 5 & CHIEHNDIEK %
Higs. zhZ o7 VIZTIORTERMICESwTET LI NS,

(1) HHEOEELL > =TV v 7% EE LT L
HEIHES =7 Y v ZIZHATOE XL T3, F— v 2 2MtEsEHT 2 HH)
HEERO 2 —FICHMET s —2 =7 ) v 27 e Bk ic g R L Twn
5, HENHEREELF 74 N LTREREZENT L 74 P~V v 2R e
L, 2NFNORHEEE&ED = LCS ETF N ZHEET S, BARNICIE, H—v =T

4-



VY ZHEmE T A F~A Y v Z B IR AR & R L CHRERE ) AR 2 &
b, EHERENET A% LCS EFAMICBINT . £/, 74 F~4 ) v 7Tl
TR OKXMOPERIEEAFEAE L, BEROETIEMSENS2 LI ns 2L
b, 74 F~A) v I ROETERET AV ZEMT 5. 2 L Cxfkic, Efke
HBE Y =7 ) v 7S ROEESBA~DFERKET 2 BB A 1 =X 1%
LCS ET VICEAT 3,

(2) HEHEAXZE L 2B~ A v o7l

DRI~ 4 2 X v M IS ORI % 84 7223 b B2 3E L 72 HEE D
BUCT 7-BRRERITHIEEICTH 5 720, WEgH~F L A v P 2ETALT 2
BRCIZMBy A7 LBREAEELZETAICR S, 2D Lhb, By AT LER
RELTLCS FHEiTH 5 LCS4SoS THWOLNEET LV ER—R LT 5, ZC
T, BEFD LCS4SoS e CHW O Ny AT L DET VL, Y 2T L DR
THLHIHEFZATLOEM B L WEHOMEZ S TV ADOREIC L > TEFKL
TEY, BIcEFAMLL TR, LA L, AR THEK T2 HAEELEZE
L 72 Bg )~ 4 o X v M3t HEEOERRA A S L 0D, Z 0iEKICH T T
BRI AT LDIRZF R EHIE L7290, ZDETAACDOBRICITELR Y X7 A
DEMHE X WHEH oMYt EZBIcETAMELT 2 2 e ko b3,

Z T, AR TIEALEOHIR ~ 4T A v FCBIT 3 EIKEHETO 7 o & R
BHLAEERREET AV ZEBAL, BRIV AT L0EMH S X O O % 5
CETMET 5. BEREET VTS EE~OZECRILZ FEf L, % OFFiff
iR D W T2 BEE L RO ER HEE TR T h 2 BREIREL — i o 72
MAERICEET 297 2 = 2 HOBEMTbN S, BRREETVIEINRE T
LT AT HA TNV AT LT LICREI N, TERRERS T L ICERR
TFEN =NV 0723 T A — ZEDBIE MV IRI NS,

1.3. REEX DIERK

Fig. 1-3 IR T X 918, KiIZ 7TEH, SR 5.

F1ETIE, AfEOTRICOVWTRR, AFfFEOHNE T 7o —F %R L 7.

H2ETI, AIECNRE T 2EHL, AEHEL 27 Y v, REOHIEH~ 4
VAV L, ZLTIA 7 A 7 AGHEOBETE RN, HEEOEBE L v 2T
Vv rERICAFHESAEEZEEL 2B ~AY A V2T AUETICH
Teo COFEL BRMICOVTIERS,

BI3wETIE, HBEOEBEILL 2TV v 7 2ZEL 22T MEETo T, K
W CIXAEEY =7 ) v VORI EZER L 7= LCS T L OfEs X EEte B
BE Y 2T ) v ERICE 2EERR~DOEEERAET 27200 BN A S =
ALERET S,



Fag<lk, BEEOEBEHICIAT A HEZ FRE L BB~ X v PO E
TMEEITS . HRBEEZER L 28N~ A v P& LCS IS 5720 1c%&
AR ICBE T 2 ZiEROE VIR L 7 2D T MEEIT .

HSETIH, HIFBIOHE 4 TICTRELZ LCS FEZEMT 5 2 &L THHHE
DEHLE 2T Y v IR 7 AHEZFE L BB~ A AV bR E
T L, % OFIREATREN: 2 MEES 5.

F6TETIE, IREINS LCS ETLoFMMEEIRFRICOWTRR, F-RETE
DIEHAGHEICOWTEET 5,

F/TETIE, ARG L BEZB~N5.

Chapter 1.
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Related works
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Chapter 4.

Fig. 1-3 Structure of this paper
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TATHAINTHFA VIFHFEZDDEFTHREZDTA 7H A4 7 2K %t
Re L, {ERMEANCEGTBITONTELERD 74 794 7 v 7 v 22 GHERICE
FhBo L& EZITI> L E2ERLTEBO[R2], 74 794 7 BEICEIWT
Wb, NRERDTATHA L, BRELED O HRICE 286 - - HEFRO
NEFERS 720 T <, [N 6 ) 2= Y 34 7 VEDHFIF 7' 7 & X %8 CHRAAN
CREICELZMEE 7 v —AaENns. 2%, 74 794 70T H 4 v CIIETFRH
DR R BRI DG V) v 7 X3 2 L CEFEMRE R LY, D WER
BARTHGOEREM-FTZ L BEHNE 25,

TAT7HAIZNTHFA VIEFig 2-1 IR T XL TA 7 A oNT T v=vr, #
mhaxalt, 7R RGN, 74 73 A4 2 VEHE ORI, A TIA AT v
INEHEFNITA THA I~ H P X v i X o TRIMEED A 25 HiE & 1L 3 [8)].
TAT7HAINTHFA v O&ET v RICOWTHHT 5.

Life cycle design Life cycle management
__________________ o i o o
1 }( 3
1 . | = =3 |
I Productdesign ) 'i| = § = c =\ 1
I . HER= S S T 1
| | Lifecycle HER 3 8 3 28 V)
1 | planning LS 3 = > = S [

. HPs) c Q =] 1
I Process design ) 1 = < O & i
I ! >
1 ! 1
I . . i . . 1
| Life cycle evaluation i1 Life cycle evaluation :
|
[ ———— /' l\ ——————————————————————— -o’

Fig. 2-1 Flowchart of life cycle design [3]

@ JATHAINTTv=vT

TATHFAINT TVv=v T3 TATHAINTHFA ok BT, BEMLEE R
B 2y e 7 RT3 T e R L[4), BT E R HE L7294 79
AINF T aviBEBEL, ZNoomEslAGber AT erkoons.
FTATHAINFE T aviZ T4 7H A4 70T HFAL v OE, EREEZEWT 5. Fig.
22 WTATHAINF T a v DOREERT. TAT7FAINMF T a VIFKRED
L, BIRFHECHEEYRAERZ TOMET oA 2T Y 7 2 — X, 852
ol ATRE S 2 BB 2 162> L CHRAI S 2 U 22— X, [ L 7= 85 2 5 i o MR
EEMT DY YA 70, 2 L GEIFUECHN W7 &k GO BRI IC I NS
[3].
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HARAR I B AR & BRI AR CRER X L 5. VBT RR D SRE <l v E R RE B %
AwCTa—HFic e o TN B SOFFE HiE S 4, BRELROFE Cl3fmoiR
BRYRZEBI L, ZNICN)ET 2 BIERE L Z 0EEENREIN S, 2h b HEMT
HriicflfL s XML _rva ve 7 BEBER IS, L <10
Ve T MNTIETATHAIAFTT Y a v ipiddiihbh, 94 74 7 vF T ay
Dl A G LR RRESRG T N5, mAERICE, E8oave 7 Mol T, WE,
BRI, a2 ofilis SAMICEHE L T, N7 VY RORNETIA 7 A oAt T
YavORRL Iy IZABRRGWEING,

Dematerialization |

Rationalization of

— Direct reduce .
function

Rationalization of
structure

—— Reduce —

Physical long-life |

Valuable long-life |

—— Remanufacturing |
—— Refurbishment and resale |
— Reuse —————+———{Product embedded reuse |
—— Spare parts reuse |
—— Material recycle |

L Recycle — Chemical recycle |
1 Thermal recycle |
— | Appropriate treatment |

Fig. 2-2 Life cycle option [3]

— Indirect reduce

Life cycle option —

— Disposal
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TATZHAINT TV =y JICTHREI N BEMRRE 2 v 2 7 2B, B
B LT e RGBT ON S, BEEGEHC IR O e, VYA o
T, Va—x, 7Ty 77— FEREE2FEL 22 o ORESLHEH T 2z
Batansg, cot &, 84 754 7 ics T 2FFE QWS 2 OB O UER X
% Design for X (DfX) FiE & X 2 EHEHMEZH W2 2 23871 TH 5[5]. #Hilx
W, MO HERREFFE (Design for Assembly) & L CHV R Eo7zdDo b4 F 74 vix
EBREINTHB[6][7). L7z, EIHarp KRG OGO FRIC 12 % [ {UHTE %
RIEx 2 2 e pEEE Ih, SO HmOILBENCOMETIIEETH 5[8].

® ot RKE

Blasxeteabe T, FA 7 A 7 NGHHEZERT 2720 08EC X v TS VR,
F, Va—RAEEDTIA 7H A4 70T av AnHREFENE, 7w R3&FEHCIZEG-
BRih - SEM DNERERE 72 1) T 7 <, THERFEIE D AXGT O R & 72 5. MRS DEGHC I3 H
AR XTGBT 2 2 L BAHNE SN, 3794 F = — v 2RO BEROFTR
NGV REERBET 2V T IAF vV AV PR YOFERHLONDG, —T
T, EERREE <l o BUNEHE S Z o B %, SO EFIEC Y 4 7 VG
mEDBBEIENG.

® T4 7Y A7

TATHAINT T VvV T TCREINTZTA 74 7 AitlE X O Eiz
e 74794 7070 —p3BUROGIT CRGE L 72 BEE 2@ L 5 % D 2§l 2317
bivs, FHEEE & LTk CoO EH R % h® & 3 2 BRI AR EE I 00 5
IR bR ORI, 7)) - XK CoEREICEES 2EESE TN D.
T FHAS R AL BLR AT CRE L 7 BEE A ZRL L T 3 22 O HIRTIC W b, 26K
TETCWARVWERIIS 7 v RIGEER VEIES L ERG 2 Tbhbs Ltk 5.

21.2.74 7894 7 VEEEFE

FTATHA I NFMORENRTiELE LT, 47470722 A VY (LCA:
Life Cycle Assessment), 74 7% 4 72X 4 v 2 (LCC: Life Cycle Costing) 73%51}
LN, LCA IE, WRET3EGEPLYy — v 22 AT EFOF» O FEEICES F
A7F A7 vehkeEEL, BRHEECHIYRZEIES 2 L, ZoBRE~D
R FM 3 2 55w TH 5[9][10]. LCA O FEITFNEIZ ISO M TED LN TED,
Fig. 2-3 10”3 X H1c, 1. B L FHAHFHOE, . 4 v xv UV obr, . &%
M, IV. @R 4 e 25k 5[11]. b T reRid—50EE TS D
-
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I. Goal & Scope Definition

|

II. Inventory Analysis IV. Interpretation
|

III. Impact Assessment ‘

Fig. 2-3 Framework of LCA methodology [11]

372 <, REMITONE., LCADK T ax RO WCEHHT 3,

H i) & A i A o 3¢

LCA 2 EiF 2 1CH 72> CTE T IXHWOREBTON 5. BARINICIE, FED3,
AEiCHE I N, B EENRE LT, fMZNRIC, D791 LCA ZFEMT
ZODREDOLNSE. T THRESINL HIIIFTHEFHORE ICHELY 52 3.
FTAMGEL T DR E TIEINR & T 2R ECH — U RDER, 4 vV UoHTIC
THWW A HEEEHRN OEIN, 74 794 77 unw 20, 2 idy 27 A
BR ORI TDON S,

AP ANWESY i

AV Ry PYGWTIE TICTRE L ZiHli#IFHND 74 75 4 7 v T+
AZEDAVYT Y b TNy b T2 REEL, YT A T4 IR
CCHRASN2YE, BF, —ALr¥—1L, i h 285, FEEY, REE
PE A ERLI NG, —MRIVIC, INEINDE T — X IIA - A BEHEEHL T
W5 OMEHERCCIN T - M ICE T 2 AL F -8, KEEELR LD 7 +
T v ET—=28, BERECEMEE, VA LB EOHE T4 7Y
AT NDIBA=AREEES L TChwhnwrT e RICBTE2Nv 7777
Fr—zicKilldnsg, 4 vy P )aroFiEE, B bFE L EEER S
FrRicKilEng, EarETFERE, 747947070 R LD AT —
N, WEIGZEREIRL, v A7 28k e LCOBRBEAREZREA LT Tn LT
HETH D, EFEEBESNE T, —EOEEL MRS T T, HME O
BHER—ZADPL YOI 225, TANF—CEEAM L L oYRICBES 5
MO VY 2HET L 5ETH 5.
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. R
BonzA vy PO oREEE AL LT, HERERE LR, A
MHERE 7 &~ DB ERN w2 Eeib+ 5.

V. fi#fR
ANZER DKL DERGRRE 4 A EREEEZEE L5 2T, A vV b
Y BB OBE L O YN TA 7 A 2T u e AR EEL, b b
WITIRER T L0 3,

LCC (¥ LCA RIfRICHISh D 7 4 794 7 v k%R e 32528, FHEEH & L<T&K
FTATHA I NT R ATHETLZaR M REDRENZILO[12]. LCA & LCC (X
T A 7Y A 7 AFHINIC T UIE LIEFEIRFICH O S 3, Bt R o BREE M & Rtk o
AHEi A ThN S, ZEBREEO R EeRFEom EiX L — P4 7BRICARD 25
OTHY, REFRBEEERFIEEDRITAT Y22 B kDo 3.
LCA & LCC 32 >RFEMW RS 74 794 7 v ZFHEN SR E LTS, 207
O, V) 2—ARLY~v=a2 777 F V) vy, FEFREO KA~ o 8L, -
i OIEER 7 0 & 2 ICBHE T 2 BB AR R EA G L b5 itk b,
Z OB BINICTHET 5 Z LI TE R,

COWEICHIET 274 7F A4 7 iHiFiELLTIA 74 7 T2 —
v a2 v (LCS: Life Cycle Simulation) 23425 & 1L C\» 3[13][14][15]. LCS i¥¥8E, —
ANF—, ZLCEE 7 —0EEREE 74 794 70 7 a e AW OIKEFERRE &
ELEBLETMEL, BEERY Iab—vaviEifizHwcriar—va Vil
MiAfTons FETH S, ZORHME LT, TiHO 27Xty 774 & O REL,
OYIEL XU Z DKL ZW O C &3 TE, F 728525 ADIREZE( %
EEARETH . T ORGP OREZCIIYEN 2B EICHE S, 2l
B OERHSIRIC X - THERIICE 72 2 43, LCS Tl 2 DfRED IS 2 & T
e Ehn, 2R S & icEiEa B X OMIER 6 2 R0 I D w5 ]
BEThH2. 2oz lhb, LCSTRYWE 7 u —DIEEH L EET 5 2 L BARETH
Lz, 7 LCS TR MERDIREEZ(L 2 EEATRETH 5 & Zifis L, B
BXWHMOREBICIG LTI A 794 7T aw ANOIEHW, 2F 0 ix74 79
AT o ANOBEBRENET LI NDG., Z L TREIC, LCS TIIMEEHD
AL & R RV CHIEVRETH 5. HMVELEIT R &2 HU Y & B ICB# 3 5 2%
L, WEOEE ) A 7 AVRLENEREEICH: S ZENFRHEMZ E 0 E&E TN
5.

LCS (% [SefFoa%iE ], TLCS ET VO], [v 2L —v a vET], [HRom
51l olgcETENS (Fig.2-4) [13]. 2T, LCS EFLIFEFEF A, TrE X
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7, G - FUNGHE O SR TR I LS. BSE T VR L L, LR
L, MBIV RLD=ZLRAVTERIN, TXWEBECHS, BREAMEEN, a2
FEREAL R ERERINDG, TR RETNVETIA TFA 70T awRE2T YT
Z7u—FBX0ER7 v -2 bR EN, 7o AMOKFRGRSEIA 74 70T
0% 2 CTETINIEFHCZ OERAET 2REAMPCI X P BSTHEM T LN S, fit
- EUNEHE IO RBE O TG HRARSR Y 2 — X MOEIELR EAREI N TS,

Condition Setting

Simulation Condition
Accounting Condition
Item used in model

4 .
LCS Model Setting

—[ Product Model ]— —[ Process Model ]— —[ Supply and Collect Plan ]—

Product Mass Process and Flow Kind of Product

Product Useful Lifetime Cost and Profit Supplied Product Number

Component Constitution Environmental Load Destination

Property of Component Provided Market Rule Supplying Time
Component Mass Property of Infrastructure Product Usable Period
Component Useful Lifetime Environmental Load Business System
Component Cost Cost Price
Material Constitution Investment in Equipment

- J
y
[ Calculation ]

Result Output

Environmental Impact
Economic Impact

Fig. 2-4 Flowchart of life cycle simulation [13]

LCA & LCC & LCS & D% Table. 2-1 1278 3[13][16]. LCA % LCC &KL T
LCS (X IRFEREE I 5 B 2 FRZAC CIEERFERE D HL Y P mTREZe &, FFAM AT RE 7250
REPRILL, EF ) Vv 7 OHHERE W &SR TE 3. ERE, % DEEEY
DFHMIC LCS WO N T E 72, 2, STR[17]TIERFEEH v R v + oE&EH IR
DUCHE D HEEEK T2 LCS T S 2L —v a v L7, XHR[18] Tl X v FERICE T
2 BRI RS & R TERHE I LCS A Wb N T w3, £/, H[19]TlE L ~—2%
DERSFREEHC BT 5 LCS o FEICHW S TWw 3B, SC[13]TIZ/ — F ¥V a v o
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Table. 2-1 Comparison of LCA, LCC, and LCS (based on [11][14])

LCA LCC LCS
Evaluation target One product Product business
Environmental o Environmental and

Output ) Economic impact o
impact economic impact

) Static evaluation based on input-output Dynamic evaluation based
Evaluation method . . . .
model of life cycle processes on discrete event simulation

Evaluation period One product life cycle Business period

WRFEHEN D V) 2 — RBE~OBITICH: ) BREE L 2 X + %, LCS Z v CaHii L
72. XHR[20]TIZ PSS Xat B Z H L L7- LCS TFEBIRE I N, REIh T3
LCS FikTid, i eEHRINTWE Y 7 by =7 oEH, R5F, Ty 771 —FoD
P—EREEDLEVARETNOBRTAMC IR P 2 ERFHG S 2 2 & ATHET
» Y, Product-oriented PSS ZXfHR L L T35, X Y%K/ PSS ZXHR &5 LCS &
LT, XHER21]TIAERDEFEFT VIS —E RETFAEBIL, HAT 22 & 4R
KINTWE, TRLIEEIRIE, LCS 13% K DR 7 v — Osh 3% FHlinGE T H 2
TEHRRLTEY, $/-PSSOEYARETAZMOELD Z ENAJRETH B 2 L &R
LTWw3,

AED X5, LCS EET ) v 7 OFMMERE L, e Bz g e LcHS
NTws, LaL, FEITNZADE, Hohiy Izl —va VERICIIAHEENE
PHEINTWEIRTHS. Tl LCS TIEY I 2L —v a vNOREGEEC 7 4
THA T aw RICBEET 57 XA — 2 fHE L CHERUES U T < RS DI
WMEMGTELZLLZDZDTATHA I NETABERICETD NI XA —XIC
REMADOEHREZANTE L ZLIIMTH 2 LICERT 2. bR,
LCS I E R MR FHEIT S 720Dy —n & LT Tk, B -olihicBE g 2 ¢
T A= ZEOEECNRE T 2HEMNZE Y A X7 T v OBREMECREN: % g
T 572D What-if 741 —n & LTHWOLILA[3, 14]. LCS 2 EITT HERICITHEEL
DY FIVABHEIN, REMROEERZAOCF IV FDY IaL— a VRO
HPANICTFET 2 LESINDZ LTS, 2D EDH, LCSDY Ial—v gV
fER DU L 1F, HEHROME IR L W I FEROIEMHEETIE R <, MR
ETHEREFEYICETMLETE T I W) HATHlTEhb ik,

—J7C, LCSETNICEEND NT A= 2%k X Y HEHFICHI Lz L, v
lal—va VEROEM#EER EXe 2 LCS FiEe LTTF —£2FLE LCS (DA-
LCS: Data-Assimilated LCS) 23@ZR XN T\ 5[22]. DA-LCS IZiFy I 2L — 3 Vilf
M OBIGEH 7 — £ % T LCS &7 VINOREESCEE O HEMEIEA TN S
T—=Z[AE A h =X LHETN, M7 LCS ET AOUENRD LNDE T4 74
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AN AV P EXETLDICHEMR LCS Tkt ihn s,

LCS I Table. 2-1 IR L7z X S RN ey A X 77 v ik, #goit{fo
BOEDLYEEETLZLPARETH 5208, HARNICH BT D T 4 7% 4 7 Vi
BiTbind. Lo L, ESTIRZENE CEIBRE R o7 AT LMICYE £ 72131
WENLIZMAEFERAREL T, Bl AT L (SoS: System of Systems) & K7z 2 (K
DI EIND 3B 5. By AT L e, #EOM Ry AT LM AEERT % C
ETIRE NG XY KB Y X T L% 2 5 720 OBE&TH Y [23][24], AL, Flt
ik, B, E(EE, BIRVERER, BIFERVZEE), A, HAEREo oD
RS ERINTWB[23]. CNORE» S, By 2T 2088 % TiHld 2 2 LIz
#HThHY, REBAHEEEZIIOATNS.

By 2T LY AT 4L % Oy A7 L DHERREAR A & Table. 2-2 1SR $PYD
DEATICHFETE S [25]. DirectedSoS 13> 2T 2D HIEK 23 5% b IESF & 115
JERETH U, Ackonowledged SoS, Collaborative SoS, Virtual SoS DEICAEH] > &2 7 2
D HIER P EEH X TV, Directed SoS (XFFE D HW % I1ZEK T 5 72 D ITHEE -
EHINEEEHEEY AT L Th Y, PREH Y X7 LI X o T—TuiIcH#EfL L
T, Ky A7 L0357 UCGER - EET 28601135 2 b 00, HARMWICHRE
By 27 LOHMICHEET 5. Directed SoS DXHRICH % DS Virtual SoS TH 5.
Virtual SoS TIIHREIH Y 27 L 3FERT, MY AT L2koHESEIH
mWIREETH 0, RV AT AMHEFR> ORI 27 4L L TOIR2 W
BRFEIND AT L THS. Collaborative SoS F X U Acknowledged SoS T id 2 &
TLREROEHEREEINTHIIRETH 55, ZOMEIIBE 2. Collaborative
SoS TlXHIREH > X 7 LIIfFEE T, BRIV AT LASPEY AT 22ko HiE%
ERT 270 I ARMICHEER 2 %4 X ¢ 5. —JT, Acknowledged SoS Tl
EBHY AT LD DEFFICH L CEHR Y AT LR T 2 CHAEMN ZRAE T &
5206, W LEROPRICIET 2B AT LTH 3.
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Table. 2-2 Types of SoS [25]

Type Definition

Directed SoS are those in which the SoS is engineeed and managed to fulfill specific
purposes. It is centrally managed during ling -term operation to continue to fulfill
Directed those purposes as well as any new ones th e system ow ners might wi sh to address.
The component systems maintain an abilityto o perate independency, butt heir

normal operational mode is subordinated to the centrally managed purpose.

Acknowledged SoS have recognized objectives, adesignated manager, and resources
for the SoS; howe ver, the constituent systems retain their independent ow nership,
Acknowledged o ) ] )
objectives, funding, development , and sustainment approaches. Changes in the

systems are based on cooperative agreements between the SoS and the system

In collaborative SoS, the component systems interact more or less voluntarlly to

Collaborative ]
fulfill agreed-upon ventral purposes.

Virtual SoS lacks a  central management authority and a ventrally agreed  -upon

Virtual purpose for the system of s ystems. Large -scale behavi or emerges - and may be
irtua

desirable- but thisty pe of SoS relies upon relatively i  nvisible, self -organizing

mechanisms to maintain it.

H.Kobayashi & 1350 B 74 794 20> 2T 4, v 2T LM OMHEIEA,
Z LI E 2 HRE L TR E NI AT L2 AR IA 794 I AT
2. X (CoLSys: Connected life cycle systems) & iE# L [26], CoLSys # R & L 7z LCS
FiEiTH 5 LCS4SoS #HRE L T 3[27]. CoLSys IdESEIA: L JEERAEFES 2 7 4
D& EET M2 TH 5. Fig 2-5 1 CoLSys D& Z/RT [3].
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System of product life cycle systems

Natural
resources

Waste

Life cycle of Life cycle of
product A m product B

Life cycle of
~._product C
P

. Interaction between product life cycle systems (with material or information flow)

&
‘ : Material flow

Fig. 2-5 Concept of connected life cycle systems [3]

AL, BESLS A 794 70y 2T ABoOMEERZETALT 52 &1

X 5T, CoLSys DR W% 51HK EcRBB X 02 o Z% i+ % 2 & 2 EX
LT3 (Fig. 2-6, Table. 2-3). LCS4SoS TIILL FiC/Rd 5 4358 8 FiE DO M AAEH 28

TE 7%

INTWn3,

wEAR
BB OAENBT A OEERIGEEL 525 L THREORBELRZ 5,
MIGHESRE S T2, F—oiEEZFib, o T 28R cRA 7 2 nl6E
Wrd s, HlziE, KIMRABHOAEICX 37V ) v ABHEOLFERERED 2%
ZAbihd,

i

e e A

B B ORIEERZ T 2 2 L ick o Tl A OEERICEEY 52 5. f
ZUE, A~ — b 7 4 VILEGEEAED 132, HR AT BIBREE FFo. chick b,
EHERTL—YOEERBYT LR EZLLND.

fili AR 2L

BB L HG A OREREAELIL T 356, B B O X Bl A Off
MR ZNT 5. HlzIE, A~—F 7+ VICHET 22X 725 LT,
AR =74V EANATHEMITFTAEL TS —F DA X T OMFHEEHRFD
TELEEZLNS.
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Connected life cycle systems

-

Product life cycle A

. Material .
1 - Production > In-use
processing

Product life cycle B

! Material

! processing

Production >

Disposal |

Product life cycle C v v
! Material !
i . > Production —> In-use > Disposal |
! processing

# : Interaction between product life cycle systems

— : Process flow

Fig. 2-6 Interactions among product life cycle systems in connected life cycle systems [26]

Table. 2-3 Eight types of interaction among product life cycle systems [27]

Category [ Type [Content
I I-a Demand substitution with an alternative product (information flow)
I-b Demand increase by diffusion of a related product (information flow)
I-c Reuse of factory waste as a resource for other product life cycle processes (material flow)
I II-a Demand substitution by sub-function (information flow)
11-b Demand increase by sub-function (information flow)
111 1lI-a Substitution of usage intensity of in-use stock (information flow)
v IV-a Global reuse of old products in different new or like-new products (material flow)
\Y% V-a Global reuse for spare parts to prolong the lifetime of in-use stock (material flow)

V. Zu—11)a2—2x

BB L MEA I AR ko285 B o Eey a— 1%, 8§ C oFiHl
BEDOFRICH 5. T UITBERE T N5 B DRSS I X5 e F a3 iR L C
WARHREMER B B L O RET D, hdk, u—o ) 22— 23R
TR T BIEEREREE D Repurpose 1IC5%24 3 5 [28].
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V. AvFFrvAHEEE L TZa—n"1)a—2
BE#EL X O ENA L o 285 B O E Y 2 — %, HilIcdH 555,
CoXvTrFvARERME LT 2. 8GR R85 of 03k #E
HIEIC R o A ICEMITS 5.

LCS4S0S Z#W/zr—2 245 4 & LC,EV OffFAEMZ EEHEELL L
Tru—oL ) 32— R L 56 0REENFHE X T 5[29]. T DETHIFE T,
LT A 79 A 7y 2T L O AR OFEA LB % #i) v — Vel 2 T
EPREIN, S-SV ) 2—2%NRE LT ORMEOBEEATTORZ. 2D
Tk, HAEERACES T 288 T4 79 A 2V AT LDEMAEKNRANT A — 4
Fylal—vavHIZIREL, TNZTNOEEZ T EI EHBIL TV 3.
WEIN/ANT A= SHHED Y, ) 2—2A[HeME, V) 32— ANRE G O BRAFY I -
iz mr, 22+, Ja2—ZANREGEOHE,) 2 — ZA@EDRIE I NT-.

T 2T, BIFEWIFETIE CoLSys TIIWNRE T2 TA THA IV AT LT LI
ISR F VA ED L F )V ARKREINTWB Z L 2b, WAlICHEER%Z &0 72
FATHA TNV AV EPPMTONEZEPEEINTE xS, LaL, BE
TFHFFE Tl CoLSys DE T AALDRRICIIE Y 2 T L 2A0 HiE2 Z B I LT\ awn,
Z D7, BEFITFE Tlt CoLSys % Virtual Oy X7 L & LCETMELINTW S
LWz b,

LCS4S0S IC X o TEHEBD T4 794 2 o 2T LB OMEAEH % B alBEic 7z -
7225, KBTI, A4 794 A 2T ABET 3~F ) 77 u—i%, MHEER
7FiFch <, HEAEA - 7 v XA O FHEINSE EEZ LD,
HEHEM Y A7 L LEH 7 v 20 OOl % LCS4S0S TIFFE I N TWins,

HEEMT Y 27 A FAORRFHER J TR, HlleRiingEsn e, e nER
TR INTWVWE, ZNbIE ColSys ICB T 2=F Y 7L 71 —IiC 10 FEH 5 50 FiC
Wo T 2525, —77T, CoLSys ZJZ T 2 H 8 DFFawid 2 FH 5 20 FFEREE
ThHs. ZL T, LCSTHVOLN T AREIHFHR Y I 2 L —v a YEAN I3
AT L%ETTAMMET B DICHE L TWwirvy, L7245 T LCS4S0S D7 L— LT —2 T
AR AT o R ETAATE L IZTE RV, £72, CoLSys Kk T3 HNE
WX, 7479470 AT LANORE 7 0t 20MMl BB icEEI NG, -
TRV — E A LRIC BT 2 W OFEMI 72 268723, CoLSys 1A THIHYIC 58
5252855, DX BHUNRZEENT 1 B | ERBIRRE OB 2 23,
TATZIAINT AT LL AV TOFERAMIERL 2570, ThoXH)E LCS T
ZET LI N,

ORI LT, HRR6ITIEANA T Yy Py ialb—vav T —F77F %0
REINTWA, Fig. 2-7 ILRTLIHIIC, "MT7 Vv Fyriab—vavi—F77
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F v T3 LCS ET V& RN MRREDN B 2 AHii v AT LTV EFFE 7 B & X
DFET AV EMAGDRE D Z & TLCS DIRAfTON S, Z D& &, ety %
TLARFVATLAEAFIZRABOIRP =Y 2V b R=ZAFET Y V7 B1I1EHWTE
TMUEATRETH 5. FE 7 02 ZADFFMlET L TIFHMICICL T, BERERY 2
L—ya VI, YRATLEAFITRA, TV 2V PR=ZAFETY VB RE
na. —kic, HEE - RO E T ALITEIER S T2 —va vaiEf I,
HEHTHONNIICIFIL— Y2V P R=—2AFEF ) VB EHEI NS,

b LCS THWw LN ZIHlTEE L LT, BEHEEClEI 4 794 7 v 2Kko
CO i E 5 E KR (TMR: Total Material Requirement), #EiFMEfREECIXZ 4 7
P A 7Bk a x bR L S, TMR &I, &2 EENICLELRYE %
132 7= IC R EREERAWE, MERAYE, 2L (REnYE 7 n -0z R
FTHETH Y, METHOLNEZEREZ T TR, ZZKES2FTCICHEINER
JSEIE 2 EE T 5 2 L8 TE 5[32]33].

Socio-technical system

Long

Time-resolution of simulation

Specific process

. @ Agent in 8 process ‘»,

Fig. 2-7 Example of hybrid simulation architecture for CoLSys [26]
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22. EXBENHEOBEEMRR

MR 2RO HEFEAGEBR D CO, FEHR IZ2MEDK 18%%2 i Tk Y, Z DHIH
BROOLNTWBEDIFFR L7z Y TH Y, % DOHIIKD 7= I IFIEFAEFRER = 4 v
F—ChHorAMEENREL T4V ) vAHED? L O EZX 5 Z & HE L R fER
KTHLrLFEDONTWEB4H YY) vHEHEZE T 2Hl & L CEXHEHEIZE
Foh, BUREESOERICHFAEEAERO -2 INT»5, BERAABHIIRE
oAy ) vHBE L KL T, HEIE I 4 794 7 V2R CO, HEHEZ /N »
[35]. %7, EXHBHEEIENZHN LT 5720, EXEHIHEOETHR CO PEHEER R
i & N 2 HIRD B IERICHKTF T 5. 2 D720, BHOBRFEEFRFHICHED T
(T epEEL 55, HEBoIC CHRo MR D IzIgEToIBIcBWwT Y ) v
HENE 2 b BLRABE~OBITICL 2 ~EOMRFEMELE T OND Z LR
Tw3, —/T, EAHBHEICRAINIERL AT —TH Y Y v HEHE L HKR
LTRKEL Y, BXHBES LI BFRFEERECZALF —ONEZ T v 2 X
TV BERD 5[37]. FRCHE, L oEXHBFEICEHRINL T TV L4
FVEMICIEIZ L OFDPEFRRL AL -BERAIN TV E20, ZOEFHEL®
M X2tk TnD, 5%, BEXHBIHEOS R EILIHEHFADO) 77
LA G VEMDIEML T &, BT 2020 i 5 T2 o fERFE AR Y 79 L4 4 v
M IZ 2035 4FIC 1T 1 6% 5000 FEICHEINS % LHEE ST B [38]. Z DfFHFEAY
FUOLAFVEME) -T2 L REAHBEOREAME KE CHIHEE 3
TN, REHG~OHAHZEDTZD ) 22— AREHEBIMET T LT 5
XHR[39] T2 Y 22— 2 LTREBEBRAX Vv FREHEBM R 2L LT3,
BRHBHEORME LT, A\4%2BE1x¢ 2 FEA T AL, EBbE LTHWS
NEZZERAEETHE IR ToNS. ZoEH L LT V2H (Vehicle to Home)

ZFond, V2H L REBERHEBEDO Ny 7)) —icE2 LN ALF -2 EEDT

\/l/:\"~‘ﬁ<‘: LCHIHT 22 e 2ERL[40], PIxiX, KETOENHEERL D
RECKEBEL, RKETOBNHBEELS Ve 2, BXRABHEICEZ ALY —%
KEECHT 2 2 L SAREIC 7 5 [41]. 2%V, BEXRHBHEIEKROFEHEE LD
HENZHS 2 L ARETH B [42).

AL ECERABED L K BESHE SN, S%i3% o BESERICHT 72000
ARTbNs EPHRING, M43 CIIEAHEEO L LERNE LT, £EA V7
7 D%, HEEOMEAFTA 2 b oA, EXABHETSGAIESEoE Wilis e 35
b, EUhfitg S KIEIC ER T 5 2 &, RIREBECR SO TH DL L, BHRHD
Z=— bt 27y FILOAODBET LN TS, $7-, BLAHBHOE UL ILE
AZHuET 2 FERO—>TH Y, ECHIRWE L300 S W 2 el BEE 2 &H %
HoTwaZ b, BINONAZLEITERHBFEL MICEWCEHETH H[44]. £

-23-



D7 DEXHABHEOLE LI A v 7 FRECHPSFOBERICGEKFEL T L
Ezbhb,

BRABHEEZNRE L2774 794 7 AFHIFE TIIEICLCAXHLNTED,
ERHEHEL 7YY v HEHO LCA #E OIS Th T 3[45-50. 25 LCA
FERITEMERN RIES 2 F XA LN 2, BREBHEO COJHHER T Y ) v HEHEO
bDOEWIL CT/NIL BT ERRINT WD, —T, TIOMGHRITELNHARZ
KELTHH, BERECTIGICET 28N EAOREGIREIIZEINL TR,
VU vHBIHES O ERABE~OBITIREEZZEE L7274 794 7 VFHliffIe e L
T, XHRR7ITEA Y Y vHEIHED b EXHBE~ORERE L HZE L7 LCS T v
ZREREL T3, BRicix, 7V ) vHEIES X OCESHBIEO LCS €7 L % g
L, ZNZTNICFERBEZMEL 2B R F VA% 5252 TcETAMLLTWS

23. BBEY 7Y v ORERE

B, MRPCRALRABEY =7 ) v 79— XREHIN TS, SCHR[S1]T
FIHEZ R L CwE, AEE 27 ) v 7y — 22 &0, Y2 T7ELEY 74 O
E{ToT032, 209bH, HHHY =27 ) v 724U T5 2T ) v 79— RIC
DWTEIAT 5.

e Hh—r==T Vv

A= z2T )V FEBO - HRE CEm 2 EH S 2 LGHEXTTh 2
[52]. 2—HFWEA—v =TV v 2fHT LT, HlizirAEd 28EMELEH
HERETIC, BBHEIC X 2BHOM S AEZTE 5, UL THWE Y RT L
LCLYZA—RETFoNEN, A—v =TV v 2tk EEE-cof %2 8E
LCHY, FAKRREICE D KK vIcZr > T 5[53].

=27V v IZ7oERIE, AT —vav_—2¢7)—T7u—F4 v 7D
DICKAIT BB TES, AT — av_—ABRTIE, HERZMHHLZRIC
TCOBHHEGIGRAITI2MLE L H L 74 F MY v 7e, = 2L Tw b
BEEIL T BEHIGTH LRI E T W I vy A B35 5, 7Y —7
=74 Y7 - ARMEREREET 2 ) T THNIF L T THIRAARE
mIEATH Y, LU SEEE TRAT 2 LEN R, A X o Tk BB
#1719,

N—> =T Vv Z7ORE LT, bl 72X 51, HEEMH® 22 b 3%
ThdZenEToNs, ABHEZITET 2856, BENCr224 V) vy
Boh57E T, ABEBAC»»2EHCA VT F VY RERAREDR 2D S
e, h—v 2TV v 7 %ZFHT 2T, BHFEMHaX 2252 LR T
X%, Z2LTC, TOaRAMEFTIVELDAPHBEOHELOI— =TV v
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TNLBATT2HERE D H 5[54-56]. RiBTarny— v )7 4 MEIBREE
LTwaERNCINIE, h—> =T V) v ZIIARITKRO 22—+ 0 HEHEE A 5E
fECiE 299%b DL —FRHABEHZ FHRL CT0WE[54]. 2DXHiC, h—v =7
Vv ZI3ETT 2 HBIEO B E WA & 2 A[HeAH 5. SCER[57]1E, K b
HADY ARV TITbn R HEr S, - =T ) v 7H 1 EPEFHEG6
BERET2L 2R L. ZNLDFED L, h—v 2T Vv 7oFRICKY,
I N2 BEEE 2 5/NRICIIZ 2 2 L3 ifF I LT 5,

AR 2TV v

AN T Y v 7L, FEUEITEEL 2K L OCHERRZ o2 -5
R CHEAICEE CEBEIT 2B Tch b, MHED L IHPENB[58]. BE 4 v
=2y FOERICE>TEEDTIA N 2TV VT T Ty b7+ — LD EH
INTEHEY, FIAN—BLPEZEONTORBIIIEARAL TW5[59]. 74 P =
TV TE =T =N T= N KBlE NG, h—T =L TIXTHUT% 1
TN—=TE LT, N T = F THULEISZU T2 1 70 —78 LCHEEIT S,
FZAVFY 2T ) v 7 HHCRIERFRI L 2 —FIC X > TR I NS =20, 4%
PRE, BBCHPIBICTIA R 2T ) v I BRETIHAER S . 74 F
YT Y v IR I AR L LT, I NS BEEEHOBL HBET 5N,
BEh O D AFF T T 5,

FTAFY 2T VY ZDHLWEYHFELT, AV T~V FI74 FH—L 2D
EPELW, AvF~v FI74 F¥—v R, A~—t+ 7577V %NLEH
BHEREY — R THY, - TIA N =TV v 7o LTER—E LT
3.0, ZFOFTY—F7 & LTCOEGHEN:E BRI X - Casic
KL TWw3[60]. fRFEHIE LT, Uber % Lyft 235 b0, Ficdk oL CTw»
%,

FVTIVEIA PP —ERCBLTRDER LTV EEED—DL LT, 7
AFRNAV I DBHE, T4 FE~NA Vv 7R I7A4AN—oRFEIREICHFEHET
FREHIM E CHESERD D ICERMEZZ TS, X7y —IGEWEETH 5.
Uber ° Lyft 13Z OREXWN AP — R 77y b 7r— L@ttt chs. 74 F
~AV v IZORKERMEZ, AT ) VLR, BEiax RS THD
[61]. 94 F~A4 Vv 7% MM 2 &C, HEFHAZMAL, EiEL, #iET2
IR MEERTE LR TE S, T, FlEEHEoFmE TR, Ekox v -2k
L CTPRIDNES R & FARBIHEZ Vv 2 BRI Tw 2. SCHk[62]
i, kDL 7y —D ¥ a X 28 14.63 P, FHEHELREN 179 2 TH
2 DICH LT, Uber ¥ 3 2 Mid 640 Fov, FERELIERE 6 0 499 TH 2
ZEERL, TARNY VI BX 0 CEACRE Y — R & R4 2 AR
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W s ERERMLTYS, 74 F~4 ) v 70ERICE > T, FRICEHE DR
T, HHHEHOBALPNZONDE ZLBEZLNS[63]. 72, A F~A Vv
WCHEY ZMMAZEREE LT, A VATV v T4 v I BdHd. F4AFATY Y
T4 VTR, FUEAREELZLV- P 2R OREINEE Z 0 L CHEE &
42, cokdhtrvs~v N4 FH—e 28K LR, fld 2 3E)
HEBULHAD L, EECKRGROEMBPREINTnE, —HT, v T~V
FI74 P =20 RICK 5T, PRI E B S 2 2 el % 53
BH5E L H 5. XHR64)IEH v 75 v R THRAEL TV B DR ADHERA
A Y TF<Y P74 P — 2% {ToTWBHZL LT3, ZOERKD—D
& LT, EEEFEREIG E Tl 2T B AR & CRAET 2 ERIBEIC X 2 ETIE
Bt RAE T oD, ST F 74 A= DfEBRIC X > TH Y T =V
FIAFS—ER2ELIA N =27 ) v 7 OHEGOBE 2 UD>D & — v
ICHFELCB Y, EREBFET LR S 2 2 L 2R L T\ b, SCHk[66]1F
AV T2V FIA P - RICX > CTREEZFTE 2V CETT 2 HEESEAL,
WEFTIREEZ X & 2 ATREME A R L T 3.

HEIEY =7 ) v Z7ICRo 3, MRHEEZNRE L2 4 734 7 AVFHEIZE XA
JELTW3E267], HEIHEL =TV v 7 2NRE LT 4 794 7 0§Hiie LT, X
W68 TlEA—> =T Y v 7 OrHtEIcEH L7z LCA Fikz %L, MAFG I3
HYY vHBHELBERHBETHER I - 2T ) v OREAMZ L T
W3, E£72, XEETITIEIA Ry 2T ) v 7 THWONE T4 7H 4 7Tk
ETAEREEL, AAFET2HAL D LCA fRAHEEL T3, LiL, 2hbd
BEAERTZE CIRBERE N AR 2 WHBIHE Y = 7 ) v ZVHlO % K ic X 2 HEEHSED
FHAMOWMY, 2 L CE NP HBFEAERICSG X 2 ERXZEET LI L0 TETH
7V, SCHR[I3]ClE XY av D) —Z - LY ZAHEERZWNRE L7 LCS €T % R
T22ET, ROV RFEENLL Y —R - LY AALFE~OBITIREL FHEATEEE L
Twa, L2aL, BEHEY =7 ) v 720N R e 35546, EXHBEOLKICHE
22enb, AV VvHBHEEERABE L W EEORE, 2 L UEANTE & 84
HE L W EBOMEHAENREEL T2 REL ZoBfTkEZET AL TnL
WD 5,

2.4 BRI 2 X v b DRERE

HEMG I IIRR 2 RER D D B4, RRWAERE LT, Hig L 3o REIN & BIE
CHMNDER, TEOHAH, BEOERD 2D L EREFRORS ZiET L I hTn
5[69]. F 72 CHR[70]TITHREE & 1%, REDB LD I IR LI AR EToTWE D, H 35
WItfTE I L LCwaaaiERT 2 HIN, Jith, B, BXUZho 2ERKT 5729
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DEFIHOET LV EERIN TS, T 5 IO E T TILEI % B3O LA FTHHE &
LTATWSE LWz b, £2I0ETIZZ DL ) RERBRHLER7Z 0 T, BRIRHE
fLiclEAZ L ToNRTE Y, HREEE 134 2R KRBHRCH AR IC X » THEMLL,
AHEEVERFET ZRBICHIGT 2 2 L N TWB[71]. ZnirZ{bertz,
HARGEDRFEL, RRIITEN L BET 2 HEHROBEICL VLT 7o —F
TH Y, BRI TELTI2HEDELNIRIICIEC CTERA L ZEBIRIIEIEE S,
TN AT LEIENICE T2 REDIRIBFE AL TV EIERTH Y, A5
mkﬁéﬁ%&ﬁﬁ%ﬁﬁ®%ﬁuﬁﬁtﬁﬁT%DOO,HI®%ﬂuab%T@
NIIBEIEI NS DD EHEZ 5.
ﬁ%mvz/x/baiﬁ%® % Lfﬁ%@ﬂ7%~7VX%ﬁ%'ﬁLé
L7200 7avRAl LCTERIN[T], FICHIEHRE, BIEET, EIEHo =2
D7 A A THERINS[72]. BIEKEICIE, ©YVaveIivyavoRE, Mo
SR L BORE, WEBD A & 555 DFFE, RIAEEEOFE, BHIg D 4 L,
BR TR ERFE OIS OFEIR A E T 5. BIEEITICIEHEE L 228l % EIT I3 7%
HOFERBEDORE, ST OFE, WHEBOHESTF, HFROMRIPVBEEITND. &k
I, B A C I3 FE A I BIAE O BEIE D FLE & 7 B A - WINER o B L, §ig o
X7 ¢ =<V ZAOHE, MIEOBIERTbIE, HigD T 5 —< v ZHUE CTIIEEAR
FICAEZEDREFIIFIZEICBI T 2 IS b L TWw 5

25 KARDERR L ERT N ERE

At ciiEEHEO B, #GaiE, 2L CHEHEAZEL 28BN~ 4+
Xy hREEAERICEZ ZHEICERHL, b % LCS TiHlinffEL + 272D
ETMULEHIET. ZOBRRET IMRTNEFEICOWTEME TS,

251 BEBEDOEELE 2 TY VI EERLEETMEEY I aL—Ya Yy

BHEtseciz 7y Y v HEE» b EXHBHE~ORE 2 FE L = LCS T L Ol
ERfTbNTWB27. L L, HEEOMAFES, S HEEY =7V v 7/ ~0ffiH
RERI OB ERB L EF L 72 LCS T L OHEIIfTbh Ty, HEIEOME AR
B2oHBHEY =7 ) v I ~OFRERBEZW/ I BRICIE, BEEY =7 ) v 7 ORI T
B LWIEREN DM EAEZET HLERD L. CNEHA— =TV Vv BRI A4F
YT ) v IHEORMTH Y, L0 AhVEBR T OBE A & & ICER
5. 7, BESEMLTCWE 74 R 2T VY 7OBREL LTI 4 F~A ) v 75z
Fond, 74 F~4 ) v 7R CIREZDS OV LHISE T ToXllZ & oiE R % F4E
S, ETHBOMANRRET 2 LI NS, ZREHEGOFmELEL R o R EE
BOWMRIZORDBELEZOND =0, ET MULITRERFHETH L. /-, b
TV v rEgEREBHLZNZNSHBEERICE X 2HELHE L CRNAEERIC
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KME G 0855, $Lwd e, RTXEFEIUTOEY 1Tk,

® WiKRENI BRI b v 2T ) v H & AT EEOFREARIC X 2 EESK
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@ AR T IV BRCo4 F~A4 ) v 2w oETHEER O Kk

o EHEHftLy =TV v IrEROMELTA L EERBZEL DKk

252 HAHEAZEB LB R AV POEHODETMEES T 2L —Y 3V

AWFFICE T 24 EEEEE L BB~ X v b e id, By 27 LB NI
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B2 2 &2 EKT 5. Z it Collaborative SoS IZ B 2 HHE L X T L DR
ZEECICEYT L, MU AT L ENGE L7 LCS /i Td 5 LCS4SoS 1 o Hl
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RETEINRLTEI7A4 74707 F 4 v, BXHEHE, AEH =T Y v 7,
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3.1.¥&S

AECTIHBEOBEHL L WS, 2FVF> =TV v %EFEELLZ LCS €T
NERELTWL, Fig 2-1 IRT X 51, BfFED LCS FikTldAy ) vHBIHE &
[EHBEOFRKFE K EET LT 2 L BAAHETH 208, ABETRI LIy 2T Y v
TUR G EBTEDL XS ICHFED LCS EFADiEE Higd. 2.5.1 filc TR L 72
Lo, RT ABICHRET ZIEE LU T =ManEFons (Fig 3-1).

® WHXRENAHRE Ly =27 ) v HEEAFTAHEMROFENEIC X 3 EEGHZE
b o Kk

& T AN =T Vv BTN D Kk

o =7V vr¥EklEIUICX S AERERBZA DK

TV v 7HEllE X EATEEOEREN ZEVWELX I P T Y v
e D EFTHBEN N & B3 2 1C B 72 > C, KRR CRABHEOMAFTELLY =7
Vv I ~oRBFEBHTFREONF L LCiEx, Zniiis LTk s L OET
Bt D ETF ML EITS. £, =TV v 7Kk e BILORIBYIC X 2 EESK
ZAicxi LTid, 2NFNOHER IEEICEFERRIC KX & 2 BN A H =X
LDBAICK > TLCS ET MICKIRX & 5,

Sharing

e

IChanges in production volume due to demand|
substitution between shared and privately owned

- —

P : L -
e ————— ~ p ehicles with different transport capacities

’ \‘ / \

I Ownership . 1 Ownership Car-sharing Ride-sharing 1

: Gasoline vehicle : I || Gasoline vehicle || Gasoline vehicle || Gasoline vehicle [| |

1 h

| 1 1 - . |

| 1 i Increase in mileagel |

5 I 1 i uring ridesharin 1

[ I oy I

2 | !

= 1 - - | 1

E 1 Ownership Ownership ' 1 Ownership Car-sharing Ride-sharing I

k) 1| | Gasoline vehicle | | Electric vehicle : I || Gasoline vehicle || Gasoline vehicle || Gasoline vehicle || |
L 1 |

! U 1 Ownership Car-sharing Ride-sharing :

N - / | Electric vehicle| |Electric vehicle| | Electric vehicle I

Existing LCS methodology scope I - = | |

\ Changes in production volume due to /

\\ the spread of sharing and electrification .
~ -

e e e e e

Fig. 3-1 Scope of this study
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2. WEEENEFA R 27V ITHDOETIERHOET VL

WkRE I & A4 Vo =TV v IR OETIE O £ 7 AL E2(T S NS, £ IEAFE
2 b B HH ~DRE & (ZM 2R L TWw 2 0pEES 2, BfFED LCS fiffge Tl
M OTFENRBEOET MU TN TS, ThidE kT 285082 EHL Tk
b, PR OELKEEDICEDE TGOS MESENT 2, oL, #Ese
ROFBEB—EDYE, MG O E UGB OMMBIFCREI RS, —
i, EAFTA 2 ORI ~oRFE, oF v IXFEHAER O FEAR M 2MRE
INTw300. BagtHGEdH 2 —20®-EPHEO1—FickoTHEIN TS
W2 BT 2208, 2 — I3 2 oBEIFF oL AL T2 gz 5 2 LA TE
5. HENHE Y =7V v 708G, BEERRO [TACE/ 28225 & v K
EHALTWELEE R, COZ Lo HBHOMAFAELLHEHE S =7 Y v 7/~D
FHEAB TR AL OBIHTREIMBINTH L LRA LB TE S,

LLEDERED S, AR CRBEHRELREME LCHBH Y =7 ) v 7D LCS
TNAOREREZTo T, 22T, BEFEIEEANF v 2B L 35 N2 OBEH
aeRS L L, FEEEABICPEETRRE & 2 o RO Hm &8 % 5t U TR
T2, 2FY, FHEHPEOEKIZZOBHFEEOKRE TofbckIn, FKHHE
T B HEHE S BIE Z N Lo PEFEE AL FEETE#» b HINT 2 2 8
NTZ 5,

32.1EXEBENET L

ZCCHBHEY 27 ) v S OlkEE O F ARG 5. —ikic, HEIE Y <
TV v TR b S B AR A TR H & i U BRI S <, XD AR B
TZ—VOBENFTELIEY CLA[REZ L INTwa, LaLl, HlIZ & OBEE?
HEDICHEGE, AL GEICHCE RVIREERSRA L, HBES 27 ) v 2
DY - AME T AL, 207w, HE#EY =7 ) v 7 Hili OB IIT ERBH 0,
FNDBHBES =T Y v IHBOMERNERET 2 LIt N TES L
Eibhd, KFECREASEY =7V v ZHil Olfnkae 1 % A FTE O P EST
BREE, FAEIEY =7 ) v VRO VEREEAL, AEIHE Y = 7 ) v 75 O BRI
RET L CcEETE R (3-1,2,3). 22T, HB#HY =7 Y v 7 Hilj O B
BRFABES =7 Y v 7 #Hl 1 A UE R A AT RRRGHBZEKT 5.
DHBE Y =7 ) v I EHOWEREN % LCS TEFALTZ LT, HBj#Y =7
Vv IS TR BEAERARERR L, ABEY =7 ) v 7 RICH S AERBALE
KB X &2 Z LAA[REICR .

TCown = Pown * Mown (3-1)
TCear = Pear * Mown * URcar_max (3-2)
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TCrige = Prige * Mown * URride max (3-3)
where

P,»n: Average number of pasenger per ownership vehicle

Pcqr: Average number of pasenger per car-sharing vehicle

P,iqe: Average number of pasenger per ride-sharing vehicle

M, ,n: Monthly mileage per ownership vehicle

UR ar max: maximum utilization rate of car-sharing vehicles

URyige max: Mmaximum utilization rate of ride-sharing vehicles

TC,wn: Transport capacity of ownership vehicle

TC,qr: Transport capacity of car-sharing vehicle

TCyiqe: Transport capacity of ride-sharing vehicle
32274 F2 27V v TROETERET IV

BT, FA4 Vv =T v IROETHEROET LTS 228, AW TIEZ DE
TTREHE A IR & Rt ARt LTiéx 5. 22T, AXIEREL I F Z 4 N—
b L FEEVT U0 OBEIFE 2 SHHEMch v, WAEEEEL S S b oBH)
TG L TR WBBIEEEA KT 2. 74 Fv 27 ) v ~oBfiaED Ik
KA P27 ) v ZROEEANF e E\ML, 74 V=7V v 7RoEfTIHE X
EiLTwleEzoNd, 7, ‘FHFEREALOEMIC X > TX OV IED L LEE
DEEEIC A b, EfTHEES DT 2 EZ b0, 20X D ETHMII N Z 45—
b L IREOBEFRELH - TGN CcH S, —HT, AV =TV v I %EfT
IIGE, BEPVIEME CllZICWL 7200 ENERED, FI74 -8 X U0EX
DRSEN TR % i 72 X e WIEESHERBES AT 2 e H 2. oz b, F4F
v 7 ) v 7RO REFTIRRE X R EEEE & iR oI T v, X (34,5 ICRT X
0T, ARNEEEE RETTIEEC B0 2 AR OEIATRT A2 LICXoTIA F
T ) v RO RETIHMA BT 5. ZOEMEME SR KE WIZE X AR
BRBEB TN T W L 2 E%RT 5.

TDH‘de
EMyige per = 5—or— (3-4)
riaeper Fide * Nrige
EM,iq
Mride_per = ; PE (3—5)
eff
where

TD,;4e: Travel demand for ride-sharing
P,;40: Average number of pasenger per ride-sharing vehicle
N,iqe: Number of ride-sharing vehicles

R.ss: Rate of effective mileage during ride-sharing

-38-



EM,iqe per: Effective mileage per ride-sharing vehicle

My ige per: Monthly mileage per ride-sharing vehicle

FRoBEFRELRAE LZHBE Y =7 ) v VHmOEXENET LV E T4 F
v T ) v REOETHET A EZED 7 LCS ET AT 2 10H 72> CREE T
587 X — 2 ORREMRK 2 HEEE L 72, RERBIRM % Fig. 32 1R 3. MAFTH, 71—
2T VY, FLTIA N =7 ) v 7O ER cBEIEEONELFA L,
Z OBEFREICHE ST, PSRRI SN, BREER AEGBIGEELE 2
L. AT EEEEE T 21Ch7zoC, FERHBEOHEEOEXENZH LN,
¥ 72, WXEE 3 E K, PEETHEHARELS A2 HBHEY = 7 ) v ZHEEIT L D FL
Fmakllzsz iy, FEGBEENEES. 74 Vv =7V v 7 RoETHEEE
ICOWTIFERIEITIEEE G %2 w3 2 L C, TRIEOFEAIC X 3 REITIHEE BN
ZERET 5.
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Fig. 3-2 Causal diagram of parameters related to proposed LCS model
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33. ZERBEAEAD=X L

yl79y7#—EX@ﬁ&®@%ka B oBERzm L, HEEDOFE
LT E ARG o RBERY X5 2 LI NS, BT O K O%)
%c:obxf 12, WEoeFRICIIEELY 52T, TONREZLIE2ice &E e
Ezobhd, OO k% LCS ETiHlid 2 =0 iz — v R RS &
FEBRZAL & BB O i X 2 A EBRZEILOMEX K 2 b EHRH 5. PfFD
LCS FETEHIMAE~OBITCL 2TV VI - ZA~DFHEDOHE Y Zb Y % {H 5

CET UL, ZNZNICE RS F IV ACHITF I A2V Y TIMERD L. L
2>L, Fig. 3-3 (a) ICR$ X9, EEE GO MR L EEOHEEZHA2ED
HLILTERETINEFHOB VLD Y FFRICERY, ZTNZNDEFESBA~DR
BrFERAMET LI L IINEETH 3.

AWFFE Tl Fig. 3-3 (b) 1O 9 & 95 ICHEEELG L R DR % & EFERRUC
B9 216 a2 £ L, BEIEY =7 ) v 7 R0 B L EX HEHES ko2 4
FEBEIC BRS oM T 2 M4 28 AT 5. AWK Tl 2 DL % B RSB A
71 =X L (Two-stage allocation mechanism) &M > =7 Y v 79— 28 K {HE
NITE, =y 2T Vv I7d—Y R, F4A Vv 27 ) v I —CROKBETFEEEZZE
g X
#, ZORRL L THHHESEROEEGKO LI I ¢ 5, —/7T, EXHBHEY X
FH - ROBHFRICIFEL G 2T, BERAFHEAREZEME ¢ 2. Lo T
YT ) VI — AW RICH T DAL TIE, EEROBHIEES Y — R~ &
n, y— 2RI CHEEZZE L 20 AEGBPRH ING, £/, EXHIEHEL K
ICEED KBTI R AEE BB O FHE~ DR ThN .

ZEBBEABLA 1 = XL TEDENETF OE DS DD AN = REZ NG,

@) (b)

Product A l«—>| Product A emand allocation based on scenari
Ownership Sharin %_
Product B Product B
Ownership Ownership Produci A Produci A
o Ownership Sharing
<> : Demand substitution
Product B Product B
Ownership Ownership

Allocated demand information

Fig. 3-3 How to allocate demand in LCS model;
(a) Previous LCS method, (b) Proposed LCS method
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RN =T ) v 7 — R ROFE L RMT 22— TH Y, b —Dlik
B REBES N OMEL MRS 22— TH 5, BiFEFABHY 27 Y v
- RFEOPETH Y, HBEIELEMNTFEDOILE T X 5. Fig. 3-4 1Im)IC
VT Y VI - ARG ROEE R KT 5 RS RA N =X Lk R LTS, &
TBERECATA, 1= TV VI Y= R, FA 2TV VI —ELRD
BEREEZEIC — e R GNICAEEGBOBER I NS, 2oL X 2E0EERKMILE)
THAREME A D 5. ERPEH CIREL R FIC OB Th N, &Y — v XIS
HiiAA Y ) vHBH L BRABHEICOE I NS, ok %, 2ER0EFERIIZENL
FFICERBAB S LEICE DO CEEMICEERED I NS, Fig 3-5 TEX
BB § S OB 2 R kS 2 “BREDICA =X L %/R LTk Y, Fig. 34 LA
BRIC, Do e EaICOEFERREEZRL TW5,

Ride

Car

Number of manufactured vehicles

» Oown

Initial Results of allocation ~ Results of allocation

phase based on sharing based on electric
services diffusion vehicle diffusion
(Stage.1) (Stage.2)

Own: Ownership vehicle, Car: Car-sharing vehicle, Ride: Ride-sharing vehicle
GV: Gasoline vehicle, EV: Electric vehicle

Fig. 3-4 Two-stage allocation mechanism that allocation

based on sharing services diffusion is primary
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based on electric vehicle diffusion is primary
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Fig. 3-6 System configuration
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L= CH 2. Step.l T, YRAT LAY VY XYUBRESINS. AWETIE, AR
g L<, AVY VvHEHELEQRHIEZERL, MAFGYI—> =T Y v 77k
EOMHEREZEINT 5. Step.2 Tl RET ORERERS P H a7z & 0BG H KD
T2 %INEL, WREETAVEHET S, Step3 T, 74 7H 47T avrET
NERERT 3. 903, [k LCS 7 & [FAkE, EIREIE2 b FEEICE S, xRl
D TATHA 7T avRETAREEINS 3-1) . 20k, HBilT s B
DA =R LEREEL 3-2), 74 7 A 71T aw 2T MICHAAL. REIC,
Step4 ICTHEE L 28BET L ETA TH A4 70T v RET L EHAEDETLCS
ETNVEREL, v ial—vavERETT5.

Step.1 Setting a system boundary

v

Step.2 Developing each product model

v

Step.3 Developing a process model

3-1. Developing each life cycle
process model

¥

3-2. Developing a two-stage
allocation mechanism

!

Step.4 Executing simulation

: Scope of proposed method

Fig. 3-7 Procedure of proposed LCS method
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VU v HBHEZER L 72 (Table.3-1). EXHBHEIIHEY —7 2 ET 2. AV I v
HEhELIE 1,300cc HY DR BAZEH LT3 a vy 2 v hA—2 72Dy D& BET
%. Table. 3-2 IC/V ) v HEH L BELAHBHEOWEMEL L 2 OHEZRI[1]. X
M1 ClZA Y Y vABIEHEICE X v 7 7 AOHGZEE L T Y, AifECldERIC
EonwTav s v h—r 7 A0HEmOEEMEIZ BT L Tws. 7YY v HEEIC
Fxvyv, U=t AY, FT7TRPNELZEDT T4 X —THKEINLTW5, &
[EBHEICITFESD 24kWh OV F 7 24 4+ vEMBIERI LT 5, BLXAABIH I
E—X, VFULAFVEM, 774 X—-THKINTVE, ZNZNDOHE DR
MEE X 2 o HRICOWTIZEFZL L A EEL TV 3.

Table. 3-1 Specification of target products [1][2]

Product Specification

1300-cc internal combustion engine
equivalent (Compact car)
Corresponsive as above. Energy density
of battery: 24kWh.

Gasoline vehicles (GV)

Electric vehicles (EV)

Table. 3-2 Raw material intensity of GV and EV [1]

Material GV . EV .
kg /Unit | kg/Unit

Li 0 6.74
Mg 0.2 0.2
Al 59.9 77.3
Mn 10.9 29.3
Fe 889 910
Co 0 18.4
Ni 0 18.4
Cu 20.8 86.4
Zn 100 0.1
Nd 0 0.497
Pt 0.00154 0
Pb 0.3 0.31

352534 7H AN aL—avyETIVIEE

BEIRL 72BN KRB O LCS ET AL 72, 3.5.1 Hi©n L2 REGEHR % 5
I ET AV ERBEL, UGN ITA 74 7 vTrneRET VEBET 5. Fig. 3-
8o Lic AV ) vHEHE, THICEXRHIBHED 74 7F A 7T R RET VER
TV Y VHBHEBRABED 74 794 77 0 RE T AIEMELE, TR
ApE, BISVERE, R, A, BEEOTA THA AT u A ORI NG.
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AW, 7 v e xick T (1) BEEHEAMEARA T TEAFH O 2

SNBEAFEE, 2) HEEMIAFTEINLTHTIA Fy =T ) v 2ZIc b I
NEI7A4 V2T YV v Z7H, 3) HEHELXA—v 2T ) v I7athiciiEEdhTnT
H—2x2T VY —ERICHHEEE - 2T ) Vv HO=Z20fHE— %
BET S, (1) BiEkoABHEOFEHE—FTh 5. (2) FHEIKTEMINLTL
% Uber P Lift L\ \Wo /oA v T~V FIA MO IA N 2T ) v 7% ELT0 S,
(3) BHEADZA LR —> 2T DX HICHRD b N-EHIIC ABE 2R A4 % =
T—=Yavlloh—v 2TV v IZERELTCHS, AR E328IICTRLE
KRR (Fig. 3-2) 2IEicETAALEZIT> T 3.

s T 1 2 TIIRERL L 25 E T 2. B EBEET L TiIHL
BRI NG, FEE T v A TR S - EHE 2 EI &, R - TR
INERI A IABTbINE, VA I AINEF/MEEE, H, 7TvI=v L TH
5. BRMDOY I A 7 VKLEG T L OO B IEIISTR[21 %2 5% 1 L 7-.

e t e e e ke e e r ek e e e ek ks = = - -
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Fig. 3-8 Developed life cycle process models
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Table. 3-3 Environmental load of GV and EV [2][4]

CO; emissions TMR
kg-CO, t-TMR
GV EV GV EV
Material 2,101 3,798 18 70
manufacturing
Components | 504 2,815 ]
manufacturing
Products 514.8 609.3 ;

manufacturing

1.381x 1071 [5.733x10?| 1.0x10* | 2.0x10*
(in 2015) | (in 2015) | (in2015) | (in 2015)
1.381x 1071 ]4.111 X 10°| 1.0x10* | 1.6 x10*
(in 2030) | (in 2030) [ (in2030) | (in 2030)
Disposal -752.6 -1,294 -9.1 -33

Usage per km

K474 7T aw ADOEBEAN % Table. 3-3 IS8T, ARHFFE CILFHI#AL &
LT COHEEE L BI5YE K E (TMR : Total Material Requirement) % F\>7z. TMR
e, RO XWEORENT 7 v — LIFIEN 2 RFND 7 v — % &0 - KINEIR 7
o — @A iET[3]. BXABHE QMR Co, i EFHAL & TMR JREALIIFEI v 7
AR L, Wfilfef & ek 5. Table. 3-3 Tld 2015 4R & 2030 ERFIN T
D FEITIRE CO, HEH B BN & EITIRF TMR JRE.Z R L CTWwWb, HEI v 7 ZADHER
(I SCHR[4] % FEICEE L 72,

353. BB AN=_ALEEDT=-54 7471070 R ETFIVIEE

AL CTFE RS F VA EREL, ZBIEDELA 7 =X LI X o CTZ OEY A%
CME 2, T2 T2 —VOEBEPEA N =R LT 5. —DITmiIC
T ) v IEROMENKRE N, ZOBRICERABEL KOBEN KM S 58
£ —v (Fig.3-3). 3 5 — 2 I YIICERABHEYL R OFER KM I, ZDZRICy =
TV = RAEROFERKMEI N X2 —vTHD (Fig.3-4).

A 1x, HEHESt I — P OoBELICREL TGS 2 LIREL, ko HE)
HRECHET 2 27 ) v/ — v RAE R OPELERMICEEGBIC K S ¢
Twa, ZhEMTIRTRIc K> TEtREE EcEEINS, £7, 7947947
L7 ae AT ACHEINEBEIFRECEESK, HHATARDHEREENCE L
HHLD.

Dear(t) = Dear-gv(t) + Dear-ev(t) (3-6)
Drige(t) = Drige—gv(t) + Drige—ev(t) (3-7)
Down (t) = Dau(t) = Dear(t) = Drige(t) (3-8)
Mown () = Mown—gv(t) + Mown—ev(t) (3-9)
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Mcar(t) = Mcar—gv(t) + MCCI.T—@‘U (t) (3'10)

Myige(t) = Myige—gu(t) + Myige—ev(t) (3-11)
Aown (8) = Aown-gv(t) + Aown-en(t) (3-12)
Acar(t) = Acar—gv(t) + Acar—ev(t) (3-13)
Arige(t) = Arige—gv(t) + Arige—ev(t) (3-14)
where

D, (t): Travel demand of product i
M;(t): Production volume of product i
A;(t) : Number of product i in usage phase
own: Ownership vehicle

own — gv: Ownership gasoline vehicle
own — ev: Ownership electric vehicle
car: Carsharing vehicle

car — gv: Carsharing gasoline vehicle
car — ev: Carsharing electric vehicle
ride: Ridesharing vehicle

ride — gv: Ridesharing gasoline vehicle
ride — ev: Ridesharing electric vehicle

all: Whole of targeted products

T vial—vaviyF ) dE LTHEEI N FEHEEOFEE %
HICEEEROFAEEITY. AR, F@AMErO - =T ) v, 74
FyzT7 ) v I ~oBBTFEEOBITEAEEL TS, 2070, EEGBOBAHE
FEAFIHEC, AEBROBEMMZEI - =T ) v I Cftbhd., I—2 =T
Vv 7T, 1 BH70 OETIEEEEREL FICHE L 285G, B CHT R E M 234k
FEINdE L. —HT, 74 Fv =27 ) v ZHIZOWTE, AR e 205
DEAFIHEOBITARIC X > THHAGESTAEINSG., AV 2TV Vv /7HIA
b1 OFEITHEESEAEL, FIcHE L 254, MAFH e 2220574 Fv 7T
Vv 77 ae ZA~OBITHIAFREAET 5.

Down—change (t) = Down—pre (t) - Down(t) (3-15)
Down—dif (t)
Pown * Town

Mown—adj = Mown(t) + Mown—change (t) (3'17)
Dcar—pre (t)
Pcar * Acar (t)

Mown—change ) = (3-16)

Tcar(t) = (3'18)
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Mcar(t) lf (TCG.T (t) < h)

v ' (3-19)
car—adj {Mcar(t) + Megr—qaa I (Teqr(t) = h)
S Dyige— t
T = oridepre(® (3-20)
Pride * Aride (t)
0 if (Tride(t) < Tride)
Crige(t) = Dride—pre () (3-21)

— - Aride (t) if (Tride (t) = Tride)
P ride * Tride

where

)

own—change(t) * Change in travel demand of ownership vehicle

)

own—pre(t) * Travel demand prediction value of ownership vehicle

own—change(t) * Change in production volume of ownership vehicle

X X

own—-aaj - Adjusted production volume of ownership vehicle

)

car—pre(t) * Travel demand prediction value of carsharing vehicle
T..r(t) * Average mileage of carsharing vehicles

T.qr + Limit mileage of carsharing vehicles

M r—aaaq - Additional production volume of carsharing vehicle

M qr-qaj * Adjusted production volume of carsharing vehicle

Dyige—pre(t) * Travel demand prediction value of ridesharing vehicle

T,00(t) * Average mileage of ridesharing vehicles

Trige * Limit mileage of ridesharing vehicles

Crige(t) * Number of vehicles transitioning from ownership vehicle to ridesharing
vehicle

SR INAEEERES LUBTEREERE~ DL T, KT —RARX X T 4
TRAY ) vHBEEERABEICOR I NS, EESHICOWTIE EV IRGEEA %
HELTHRLTWL, ZoLE, Kyr—22%57 4 CREBEBXHBEI,OH Y ) VH
FHE~OBITIIREL Wb DL T 5. BITAKICOWTIE, [HAFIHI N TWE 4
VY vHBHELBEKRABHEOSKE S L0 %ETT Y. O RIIZHN T4 7
A 7 r08E T AL T e 2~ KL NS,

%E Tl HEBHE S IIRE T 7 & OB BOR~ DX IS % R AIBL THIS L 72 #
WCEESLICNIGT 5. R 3-6) 225 (3-13) T CTOEROEN LRI N, *
FHMENICEEGRS i E NS,

Mown—ev—dummy(t) = Mown (t) * B(t) (3-21)
Mown—gv—dummy(t) = Mown(t) — Mown—ev (t) (3-22)
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Mcar—ev—dummy (t) = Mcqr () * B(t) (3'23)

Mcar—go-aummy () = Mear(t) — Megr—ey (€) (3-24)
My ide—ev—dummy (£) = Myige (t) * B(t) (3-25)
Myige—go—dummy (£) = Mrige(t) — Megr_ep (£) (3-26)
where

i —j — dummy : Dummy value related to usage type jand product s

Zz Dk, HEHEEoFEEA{LERICK 3-21) 256 (3260 THH L -AEFEER
DTN D,

Down—change () = Down—pre ) — Down(t) (3-27)
Down-air ()

Mown—change(t) = (3—28)
P own * Town
Aown—
Mown—gv = Mown—ev—dummy (t) - Mown—change (t) * % (3'29)
own
Aown—
Mown—ev = Mown—ev—dummy(t) - Mown—change (t) x (3'30)
own
— Dgr_pre(®
Tcar(t) =P (3—31)
Pcar * Acar (t)
M car—gv
Mcar—gv—dummy (t) if (Tcar(t) < h) <3_32)
= A _ )
Mcar—gv—dummy(t) + Mcar—add * er = lf (Tcar(t) = h)
car
M car—ev
Mcar—ev—dummy (t) if (Tcar (t) < h) <3_33)
= Acar—ev ,
Mcar—ev—dummy (t) + Mcar—add * lf (Tcar(t) = h)
car
Dyige—pre(t)
Tride(t) — ride—pre (3_34)
Prige * Arige(t)
0 if (Tride (t) < Tride)
. ={Dyige— t -
Crlde(t) M - Aride (t) if (Tride (t) = Tride) <3 35)
P, ride * lride
Aride—gv
Mride—gv = Myride—gv—dummy (t) + Cride (t) e—— (3'36)
ride
Avige-
Myige-ev = ride—ev—dummy(t) + Crige(t) * #dev (3-37)
ride
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INS ZEBARA D = AL L s TEEBRB LI NE T4 7F 4 7070
v RETNAERERLZ, AR CHRELZVF VA E =T ) v r—evxERE X
OCESXHBEL KOHE TH Y, K F ) AREIIRBT 2.

o=

3543 alL—vavEFT
3.5.4.1. FE@EEG

Mg E LC, AH 37 TAOHARDOHHiZEET 5. oL, YIHERSICT
AINTWIHBEIR A Y Y YHBEH 20 TAETHY, 2TV V¥ —EREL
DCELREBHE IR LTy, AR CIREGEC AN Rt Eo N ESSBEE I X 5%
B EEET, ABHORBHHREIT -EThd LIET 5. FHEHRIX 2015 F2
52035 FED204EEL, YIal—2avDl ATy ATl y HicHYT 3,
ﬂMe&4:yslu—yay@mwéﬁﬁﬂix—a%ﬁ?.ﬁyUVEﬁik

CELAEBHE O FEA T 130,000km & 3%E L7, ZHiFHARICE T 3 FEERE
ﬁﬁ%kEE$$ﬁ®¥ﬁﬁm¢ﬁ#6%EL1wéﬁﬁ].EEE@A%%%@?
B NI 1210 8E 2 VT Wb, = =7 Y v 7R AU H
AN EE L ERE L2, 74 Py =T V) v 7 cidBiizita4 2 2 Lo Pk
HABUIBIN T2 LIREL, 2 ANEXRELE. A= =2T Vv IZBIV0IA YT
Vv 7Y —eRI L0 L DMAFEREZRET 2 LIREL, h—v =7 ) v 7 HZ
HAFTEE. 5B, 74 v =7 ) v 74 6RET 2 LRELR. 74 Fv =T
Y v ZREOHETIEREEI A1 05 EIKE L. CHIFHARICE T S 427> —DEH
KZ VTV B[8]. Table. 3-4 TRLTWBE T A —XfHiE, ¥ Ial— = villif
iz nwT—E L L7,

Table. 3-4 Parameter values [9-11]

Symbol Parameter Value
Poun Average number of people per privately owned vehicle 1.3
M,.. | Average monthly mileage per privately owned vehicle 833 km
Pear Average number of people per car-sharing vehicle 1.3
U, Maximum utilization rate of car-sharing vehicles 5
P Average number of people per ride-sharing vehicle 2
Uside Maximum utilization rate of ride-sharing vehicles 4
E i Rate of effective mileage during ride-sharing 0.5

3542, FE@ESFVF

AWFFETR, v =27 ) VI P - AR EBLAREHEE RO OOE R F ) 4%
B bHET, 1.GV owscenario, I1.(GV+EV) ow scenario, III.GV_(ow+sh) scenario,
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IV. (GV+EV) _ (ow+sh) scenario ®VU-D DFHli & F VU A4 % F%7E L 7z. Table.3-5 IC >
FIFRRYT. P FVAF 1 Fo =7 ) v/ 9 —e2BIO0EAREBHE IS LT
VY vHBEMAAFHO R I NG Y F VA TH L. v F VA 1T CTIREXHBIE,
PFUA I TR =TV VI H—RA, vF VA IV CEZEOMARENT 5.
YT Y VI RDERICTONTIE, 2035 FIXH—> 2TV IBIUNTIAF
YT YV ITBRRD 25% OMEIFRE L AT 5 LERE L2, EXEBEOEIC
DWTE, HEHORGEAHICE T 2EXAHHEOEHAZHEL 2. ZHIFHARICE

2 BEREBEDY K FEl % EICER L 72[9]. £7-, 2015 4E 1 A5 2019 4 3 H
:3@6*%@@@@%%%A;0w1i B HBHEARA GBS O i T — £
[10] ZHWCTRHE L2, > F V4 IV TIEEBELRA =X LIBT3 008
R=VPHIDICZODYF VAT CEMLZ., =T ) v /-2 F RO
BRERMICME 20D % > F V4 V-1 &L, EXREBEYG K OFE % B
KR EE72b 0%y F U4 V-1 L4 3,

Table. 3-5 Evaluation scenarios

Product Service
GV EV | Ownership| Sharing

Scenario name

1. GV ow v v
II. (GV+EV) ow v v v
I1I. GV (ow+sh) v v v
IV. (GV+EV) (ow+sh) [ « v v v

3.5.4.3. YIalb—vaviER

Fig. 3-9 25 Fig. 3-12 Ic¥ T alb—va VERZRT, ¥ Ial—va ViERIZ
SEly I ab—vavaEFTLEMKROFEZH TS, Fig. 3-9 i HE CO HEH
BERLTWAEY, Y27 ) v 74 —exBIU0EIMLIck3KE% COo, HiiED
TACERERT 2B TERY, 2T ) v 7Y —ERBERT L F V4 1, IV-

22 22 22 22 22
21 21 I ‘ 21 21 | 21
i |
g D ! W\ i
220 20 \VW L M\ il 20 20 i “ i 2o
8 \ ‘ J T
I=¥e) | ‘
5
219 19 19 19 M}M 19
(SR
>4
£ 18 18 18 18 18
o
s
17 17 17 17 17
. O A B o )]
2015 2020 2025 2030 20352015 2020 2025 2030 2035 2015 2020 2025 2030 20352015 2020 2025 2030 2035 2015 2020 2025 2030 20%
Year Year Year Year Year
1. GV_ow IL (GV+EV)_ow I GV_(ow+sh) IV. (GV+EV)_(ow+sh)  IV-IL (GV+EV)_(ow+sh)

Electrification is primary

Fig. 3-9 Time evaluation of monthly CO; emissions
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I, IV-IClE, ¥YIalb—yavVFEc Co,FEEDHA VR T 528, Tk
HEHEOMEAFTAE?»L L =27 ) v 7 ~DOBATIC X 2 BB B AFE R BIHD 235K T H
%, —JC, R L i Co FRERIIML Cw 528, iy =7 ) v 7y —
ERAHRIC X o CTH 1 BDOH Y720 OETIERESEML, XV R wy A4 7L ChHeE
Th, 2ORBEHEGOEESEIEML7-C L BFKNTH 5. Fig. 3-9 TIREXHH)
FE RIS X 2 2L IR T E v, S ITER A BE S XIC X % AR CO, HEH =i
AL BLER CO PR ERMA YL L 2GR 2 e Ex b 5.

Fig.3-10 132/ CO, HEHHBEAZRL T35, 22 Th KE ARZLIFMHERTE v,
BRAHBEIE KT 22 F ) A TN TREAREDO CO, HHHERIZHA T2 28, #iERD
COHEHIBAIIIN L, Z DM REMHKEL TR B 5. —H, v xT ) v 79—
CRADBERT B F ) AMTIRELER D CO, HEHE A 32 28, D CO, HE
HEZSHEMLCWS, FFICI74 Fr 2T ) v 7ofiHKE CO, BEHER 1 —v 2T ) v
EHK COHEHB L L TREL Ao THY, TRHIEIA N 2T IV IETL
EF L 72 B TEEREE TV O BRI A o E s RN TEB Y, FA VT Y v
D EITHREEA L %2 LCS TEF AL TETWBE T LA RL TS, BEXAHBHE X
R =T VY 7 H— AWM GBS RST 5 F ) AIV-1, V-1 ClabEE co, P&
ML, ERE CO HEHED A LT 3,

Fig.3-11 (A TMR Z/R L T\ 5. BRAHBES L K2+ )4 (IO, V-1,
IV-11) TiZ TMR 23E/1L T 3. Fig. 3-12 3B TMR Z/R LT\ 3. EXHBHEH

6,000

Accumulated CO, emissions

0 — . e .

—

.GV_ow 1. (GV+EV)_ow III. GV_(ow+sh) IV-1. (GV+EV) IV-IL. (GV+EV)
_(ow+sh) _(ow+sh)

OMaterial manufacturing  EXComponent manufacturing
Product manufacturing  EAUsage for privete
EAUsage for car-sharing AUsage for ride-sharing

B Disposal —-Sum

Fig. 3-10 Accumulated CO; emissions
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WRIT X > CTHRE TMR 3BT 2 —4T, Y27V v 7Y —RAERIC K > TEE
TMR 2B 42, ZofEE»S, =27 ) v 79— 20 KITES B BIHEL KIC
Y37V 7 A 70 —DMME T VYV AIELDICEMTZE3EEZLNS.

50

IV-II. (GV+EV)_(ow+sh)
IV-1. (GV+EV)_(ow+sh)

N
o

IL. (GV+EV)_ow it BT

sz o
== 30 \ s '
>kH gg ;
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0
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Fig. 3-11 Time evaluation of monthly TMR
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Fig. 3-12 Accumulated TMR
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3.54.4. BRESMT

WL 72 LCS =TV DRRESHT %47 572, Fig. 3-13, 14 1> F VA V-1, V-1
ZRCHRM L 72 BEDWRERZ RS, BXT7 A -2 DfEE 20% KBS £ 5 LHRAT
5% FEEOH N OEEDHERTE /2. Fig. 3-13 1Tk 3 &, B COo, HiHEBITHWT
i3, 74 Py =7 ) v rROARETIER GRS SOERE 2D, RICHFHREE
NBDS G S R0, Fig. 3-14 I X % &, B8 TMR IZB T, CO, HEHIEFE,
AV =T ) v IR EETIEIE A RS &\, —J7T, VF VLA L vEl
DFHFMD FHCEREEZR LTS, IO DHRL S, BEDORVATIXA—XTH
2 E R IEEEE S, SPEEEAK, VTV L4 F VB0 FEEGD T X — 25
(ERBETHE. VF U LAFVEBICOWTIR) 2—RIC L 3HEMEERZE 2 ON
5. Va—2FFEC I o TREAMIAREZ CRA L TSRS O [11], Y 2—
AHERERBTED LCS ETFARREEL T LEDRDH 3.

Sensitivity on accumulated
CO, emissions [%)]

6 -4 -2 0 2 4 6

Average number of passengers
per car-sharing vehicle
Average number of passengers

per ride-sharing vehicle
Maximum utilization rate of

_ car-s_hz_arin_q vehicles
Maximum utilization rate of

ride-sharing vehicles
Rate of effective mileage

during ride-sharing
Average lifetime of lithium-ion battery

Average lifetime of car-sharing vehicles

B

Average lifetime of ride-sharing vehicles

B
IV-I scenario : || -20%[ +20%
IV-II scenario : [ -] -20% [ +20%

Fig. 3-13 Results of sensitivity analysis on CO, emissions
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Sensitivity on accumulated TMR
[%]

Average number of passengers [ —
per car-sharing vehicle L |
Average number of passengers ]
per ride-sharing vehicle IR
Maximum utilization rate of o
| -
]
]
I
[
- 0

car-sharing vehicles
Maximum utilization rate of

ride-sharing vehicles
Rate of effective mileage

during ride-sharing
Average lifetime of lithium-ion battery

Average lifetime of car-sharing vehicles ——
Average lifetime of ride-sharing vehicles

IV-I scenario : [ ]-20% [ +20%
IV-1I scenario : [ -] -20%[l +20%

Fig. 3-14 Results of sensitivity analysis on TMR

36. ER

WEELTA 7V A4 7 vET VOBIERGEEZ FEi L 72, AWF5ECiE, Xty 2 (ff
HAHER) & 7r— FHELEEEH) o7 v 20BlS 2 bEEE1T 5. 201541 H
225 2020 4F 3 HE CoHP BT 2 HEEEROFEEZ T VAT LD
Yial—vaVviiREBET -2 & THIEL 7.

Fig. 3-15 iICfE R EEIC T 2 BEEBoEIG 2~ 3. BET — 2 0REEHOE
AR EEAEOME T — 2 2 HICEH L CW3[12]. ¥ Iab—va v THEEMHEH
REBICHT 2 EEROES IIHEMR R DT — % (Real worldresult) D FH{E%
HAHTECTW2 LR T 5, WEHRD T — X1 B1T 2 K& LIRNIEILZFHIZ
B2 ORHHORFRIIC L 2D DTH 225, AWFFEIIEZEL T ARV ZD LX)
REENTEH N R,

RWFFEIC CHEEE L 7= Bk EE 1 £ 7 VO EIERGEEZ 1T 5. Fig.3-16 ICvF UV A 11 &1
BT BHHPERENEZRT. > FIVANTEY 2T ) V7 — 2B E KL Rn
=0, EROFHPEEIIERL TR, Y FIVFMTRY 2T ) v 7 —x
Wi X 2 2EoFHTEHOZ IR TE 2. CORErOABH Y 27 ) v/
il OERE S H LD ER LCS ETF MM TE T WA I ERZRLTWVS,

¥ 72, Fig. 3-17 icvF VA 1 LMD 2035 FFERFEORETIREZ RS, v F VA1

-57-



HERL T ) AMCTIIRETIERESEML TW 22, ZE74 Fv=T7 ) v
e D B hEREEE A X 2B THREEE N 2K S N AE R TH ), ARBFFEIC TIREEE L
274Ky =27 ) v o ETIREEMOFE L LCS TTFAMICKMTET VWS Z &
ZRLTW3,

2 14

Py Real world result
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Fig. 3-15 Comparison of ratio of manufactured units to usage units between a real world

and a simulation result

I (GV+EV)_ow . GV_(ow+sh)
240,000 240,000

E —
2. 200,000 2. 200.000
g g
£ g
& 160,000 o 160,000
5 o
; 4
120,000 120,000
= L
£ £
T 80,000 L 80,000
5 o :
'5 40,000 vg 40,000
= Z

0 0

2015 2020 2025 2030 2035 2015 2020 2025 2030 2035

Year Year

ow: Ownership, sh: sharing, cs: Car-sharing, rs: Ride-sharing

Fig. 3-16 Number of vehicles in usage phese of sceniro. II and scenario.Ill
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200,000

107.5%
100%

160,000

120,000

80,000

Total mileage in 2035 [1,000km]

40,000

1. GV_ow II. GV_(ow-+sh)

ow: Ownership, sh: sharing, cs: Car-sharing, rs: Ride-sharing

Fig. 3-17 Total mileage of scenario . I and scenario.lll in 2035

Few T BB RA 1 = X L OBIEREEZ (T > 72, Fig.3-18 iKY F U A IcHT 3
2035 fERFE D TERFESEL A A = X L D ECHitR DR R R T, B H B E S X
BV 2T Y v /Y — e AL RO TRERI N BB ZERLL T3 2 L2
MERRC % 7z, BRIy, EXABHEIE KT 52 F VA 1 Tl HBIEORAEGE
RZELEFICEDONRBZELTEY, v 2TV v I - ZARE KT 5 F Y 411
TIXABHEORAEFEGBHEN L T3 T L2t Fig 3-18 2 bR TE 5. BXAHAB)
ey 2T )Y — AW O KAEET 2 > F ) AIV- T TIRBEFERRIE
fbLo»o, BEXHEBHEOEEEEIHML TnWE I ehs, “EBEORA =X 2%
NLTCODERDOFEREFTETCNL I EPHERTE . F IV AIV-ITHAE
ROZBENDBHERTE, 2 XY, AR CREL 2 BB A =X 21tk - T
YT Vv Y- REREERABE G ROMESEANICTIA 7 A 70T 0
ERAETFMCKBENT NS Z EBMMRIFI N7z, SHIFESEY 2T LSBT 2 BELE
RIC X 2B L BORIC L 2 ELMATECLWSL I LERLTVS,

AR CIIOTIEFE OB DS, “BESHA DR L% —DoDL F VA E2H/EL
TWw3 (¥FUAIV-T, IV-1I). Fig.3-9 2> 5 Fig. 3-12 I CICR Lz L Hicv
UAIV-T 2 FVAINV-NIDY T ab— g VEERICIIKE REDBEZETE b o
7z, i, BESICEVTS, COZ20YF ) ATEAL X5 RHAEREE2
TENRTE, ZNIFLCS ETMITEWT, “EREASEA 71 = X LN DD IES

-59-



Monthly production volume [100units]
0 2 4 6 8 10 12 14 16 18

Before
II. (GV+EV)_ow GV_ow EV_ow
After
GV_cs
Before
1. GV_(ow+sh)
After GV_rs
IV-L (GV+EV)_ Deore
(ow+sh) After
Bef
IV-IL (GV4EV)_ o
(ow+sh) After

ow: Ownership, sh: sharing, cs: Car-sharing, rs: Ride-sharing

Fig. 3-18 Breakdown of production volume before and after the allocation mechanism in 2035

ZBER AR K, EONBDIEFETHHEL LI Ry Iab—va VERAE L2 LA TE
LHREMEZ R L T B,

KW CRESE L - BB H Y = 7 ) v 7 EF A QHFEICOWTERT 5. A5 Tt
KL ZHERE T T VIS HBIE Y = 7 ) v ZHEE O BREPR & P IRE A, 2L
CETHEEE T AVICRASEY = 7 ) v RO FREEHEHASH LN THE, Zh
ZTNHEHE Y 2TV V7, BICIA N 2TV v TICB T 2EE2R LT A =4
THY, RFFETIEZNENITZL T EREL TR->T W3, Lo L, EBRITIZ
INHARTA=2IF L —FA70BRICH Y, FBREMFROHIEARILICH 7
BT DENRTA—RTHEH, TNEERTE TRV, $25%, HPHE =T
Vv 7o E Y XY IEEICTHEICT 2 2o idIRERR O NEZT -2 % AT
LT EBLEENDH, REETVEZHBHEY =7 ) v 7 OBEMF~0 FEHTIH
25632 WSRERIC 72 5. 2 OB E I II BT o MR R DL AR T 22 155 o
EROREY Iab—vavETALEEL, BALAEZANTA—2D L — P4 7B
REEZER LI ANT A= 2 ED AN HBLETH 5.
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37. %8

ARETIEAY ) v HEHF D 5 EREBHE~DOFENS, 2% v THEFHOEE LI
ERTZ 2HFD LCS ET V% Z OEMEEMOTFENRE, > v REAFELS
TV VI ~OBIAEETEL LS KX OEREHIE L. ABEH 27 ) v
DETFMELORBICIE, HRTZER Gl A OBBIEEORERTHONT WS Z & ICE
HL, BETRELZES S LCHBIHEY =7 ) v 7O TH 2 HnREE T LB L O
EITIHEEE T L 2L L, HEBH Y =7 ) v 27 OW KA HBIE L ERICE 2 5 2
vy lalb—vavialggic L7, ¥/, E@LE HEEY =7 ) v /% ko BEEA
FER~DEEMET 2 LR TE 3 _EEAIA 1 =X L% LCS ET MIELET
322¢T, BREHBEEHEHY =7 ) v 7O K OFEE% LCS b CaFfin] 4t
L7

RE L7 LCS FHEOEMM 2 RS 7201, =2 =zT Vv e I4 8y 2T YV
OB L VERHHEL RO F IV AERFRELTCTr—RARET 4 ZEfL 7.
—RARTATIEY 2T Y VI — v R BRABEO R X IC X 2B AnH
AR EBIITRL, 72, Y27 ) vy — e 2RBRABHEY LI X 5 EFHE
EHMEIGHIE 2L E2R L. INOTF—RARZT 4 DY Ialb—va VRO
BEEZ 1TV, ZBBEDELA 1 = X L8 & — e 2D oD K DOFE R HARIC
Wz TR HERLT.

-61-



SE Xk

[1]

[5]
[6]

[]

[10]

T. Fishman, R. J. Myers, O. Rios, and T. E. Graedel, “Implications of Emerging
Vehicle Technologies on Rare Earth Supply and Demand in the United States,”
Resources, Vol. 7, No. 9, 2018.

B I UG IARHIRatt, PR 19 SFEERT = A L ¥ — - EESERARTHE A Fr e
WERFCEBG MG H CEMAMEIED Y 2 7 2 R CRREREBIHE DO 7
A7 A 7 AEHINCBE S 2 B, S E A S 0 100013353, oY 27
FEF5 1 Q05016, 2NFAH : PR 20 A2 H 9 H.

R, dEat—, JHEFEH, “NIMS-EMC M BEEHT — % No.18 [
DE IR E R |, 2009.

BRI AV F —JT, “2030 FET AV F — Iy 7 ZEBI~\T 72 IGIC oW T
~ £ (ES % il ~ 2018.
https://www.enecho.meti.go.jp/committee/council/basic_policy subcommittee/025
/pdf/025_008.pdf .

20l A, «H B EA R B BACEHEER K 28 HEEE57,” 2016.

— kA E N BB R SSRGS, <2 E O BB HEAH B R FRE]
o F ¥ #F MW O K # B X 0 2020
https://www.airia.or.jp/publish/file/r5c6pv000000u7ao-att/r5Sc6pv000000u7b3.pdf

accessed 2020. 10. 20.

[ 2B E IR )R, <42 EE RS - K SOE S A H B HE A A (B L
A & BB ) ,’ 2015. https://www.e-stat.go.jp/stat-
search/files?page=1&layout=dataset&toukei=00600580&bunya 1=10&stat_infid=
000031927554

=HERKBT, “2 27y —-(Fo@HEe 58O E,
2019.https://www.smbc.co.jp/hojin/report/investigationlecture/resources/pdf/3 00
CRSDReport087.pdf accessed 2020. 10. 20.

DIEMERNAR T AL X =, “EV ¥R o#)mR & EE SEZEx RO
Bl = iR > Sy 2018. https://www.renewable-
ei.org/activities/reports/img/pdf/20180627/REI_EVreport 20180627.pdf accessed
2020. 10. 20.

—fxMNE N BB R E S ERE RS, <O BEO HEERAER ~4 7
y oy FHE - EXHBEORE AR BMKERE XK, 2020
https://www.airia.or.jp/publish/file/r5c6pv000000u7b6-att/04 HV_ EV.pdf

H. Murata, N. Yokono, S. Fukushige, and H. Kobayashi, “A Lifecycle Simulation

Method for Global Reuse,” International Journal of Automation Technology, Vol.12,

-62-


https://www.airia.or.jp/publish/file/r5c6pv000000u7ao-att/r5c6pv000000u7b3.pdf%20accessed%202020.%2010.%2020
https://www.airia.or.jp/publish/file/r5c6pv000000u7ao-att/r5c6pv000000u7b3.pdf%20accessed%202020.%2010.%2020
https://www.e-stat.go.jp/stat-search/files?page=1&layout=dataset&toukei=00600580&bunya_l=10&stat_infid=000031927554
https://www.e-stat.go.jp/stat-search/files?page=1&layout=dataset&toukei=00600580&bunya_l=10&stat_infid=000031927554
https://www.e-stat.go.jp/stat-search/files?page=1&layout=dataset&toukei=00600580&bunya_l=10&stat_infid=000031927554

No.6, pp. 813-821, 2018
2] — M MEAN BABBETES, “HEH W Vol 52, 2019.
http://www.jama.or.jp/stats/m_report/index.html accessed 2020. 10. 20.

-63-






$4E HIBEOEHLICATEHSBREZETR L BN AV |

DE=HDETFMMLE T aL— 3V

-65-



41. %5

RECIHEHELZZE L 28N~ A v P EkZ 2 LCS T A OREFICH
DT, Bk, BERGT A 794 20 2T AR EMBER TR S Bk
BRZ 4 794 70y 27 KX (CoLSys: Connected life cycle systems) % Collaborative
SoS DFHAZHE 2 TET MEEIT5 T, I T, Collaborative SoS DFHH & %
MY AT LOBERY AT LAY AT Lo2EREEEZHA L TEY, 2 oERICHT
THAFHORECZDBE 225 L 25 L, $ﬂ%@i%@%@%%ﬂ%
TATZHA N AT LBERT S HAFRICBE T 2 Z i EIR oM VR L e
2 e LTEFMT B,

REETNVOZYEZRT -0, BEXAHBHEZPLL LTI NLHEAE T A
THA TNV AT LRAEZWNRICT —RAAXT 4 ZEfL 72, BRHBHEIIFHFAE
Ao BRER G ~0 KAHCHFO 7Y ) v BB & 0FERE L EoMAE
AaREXE, WEMIA THAINT AT LIRSS, T —RARXT 4 Tl
A HE%E 2050 f£iC CO, HEHEY 1, SO BE L FE 1% MM & 3%E
L, S IBE T 2 AR BELAE*ERRET 5. flxi, #V ) vABHE

TEREABE~OFEREEEOLELR S5, Zho EERE XA X MG

;%omf 1T 3 40, FEHA 2 BB R i & BRET BT IR 2 08 U 72 R IR 70 A SEAmfiE

DR EDNT Vv APERBI N EEREL—VITH> TfTDNS.

42 HEBEZEBL-HEBHNT XAV FOET VL

252f1IC TR L7z X 51T, LCS4S0S Z W TH A 228 L 72881~ F 2 A v
b % FHiid % 1, CoLSys % Collaborative SoS & L CET LT 2 Z &hkdoh
5. WHERIVAT LB AT L0 BELZZKL, ZofRIcES»THAEHD
FAEZFEBEI T B &) Collaborative SoS DI ZIE 2 2720 ic, BEREET NV
%é\&bf: LCS4S0S 2% 3 5.

SPRTE T T NI RFEDERIE L 72 BAE~ O ERCIR L % F1EAH U 72 21 3 D & 153
ﬁbné,oib,&%WVXVX/b 3H5&%%ﬁ7ﬂk1%%f»kbk
DTH5%.Fig 41T oI, BEEREETVICEBRFERAEL, v IaL—va v
TS 57z CoLSys &fAD CO, HEH B & X WA OFIZEB AN T, FHIEZEDZE
JCRIAA E TR X 4 5. 2 oRZEOMAI LT T <, tha HEEDS #g o4
BELTHYONE L PERREETT VORI TS 5. FHEOEREIHE D LI
EINTBRPREN —VICED W THAFEMICBEES 2 37 X — ZHOZEH{TD
na.
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CoLSys evaluation

Calculating the deviation (L) of each goal
at the time of decision-making

%cotsys = Reovsys / Geotsys Social goal
%535 = Boys I Reys Decarbonization goal),

Simulation result until decision-
ma(lgng%ppont;nlw Simulation results of CO, emissions of
oy oL CoLSys and profit of individual system

Goal until decision-
making opportunity N\
(Gsysx GCoLys) \

Profitof individual compa;y

.

tl
Updating interaction information ( /'
based on decision-making rule
Product
Updating the parameter value of A
interactions to close to the goals

What-if analysis Connected life cycle systems model
of alternatives

Social CO, emissions

/.’)L/’(R Rower) @ : Product life cycle system of product i
P sys1 RCoLSys,

e
-7 (G Geoy) = : Interaction between product life cycle systems

Social CO, emissions

> “ : Decision-making model of each targeted product
Profit of individual company

Fig. 4-1 Overview of proposed LCS model

EERIE L — VX Compromised programming 5% X — 2 & L, & HEE L BFEOH
MEEE, SBEFEOBEERE, HAFMICBEES 257 X — X {EO 2 R % H i s
X%, Compromised programming %1, I DEIL D 2> & BRAEMA CHE" b EHAED
LR AL, ZifEe 2 hikcd 51 X @D ~ 4-3) &, BRRE
7'\ & AT M & 115 Compromised programming i 1CBH# 3 2 nf%%T L72bDTH
5. A (4-1) 1, EXREGICEH S 1% Compromised programming . CTH V), JER
I i, MRS OREEZ MEEARCEIRE L, D2E/NE 7o 28R 285
WGERT S, X 4-D) K3 D20 HEL O RECTRBEL ZBEREEZ LAV XD
I, 2 LIPS HEORHO AV AED LN TV D, KT — VBT 2 AL (4-
2) &30 (43) TRIEINDG. BEFICHT RE Acorsys: Asys) 1&, ¥ F VA TH
EINTAMAREFELELDRE T A 7 A 7N AT LOABICHLT, ¥ Iab—
Va VESREHET 2 T CRIBEIND. Agorsys EAsys?t 1 KV RE VAR, Zh
ZNOHEZERLINT RN ERIRL, Wil ;ACoLSySuSyS# 1 L O/hTBEE,
HEER I N 2T, ZoDRUC K VFE L 72 BHEDER S it » &R
BREL D70, KEROBEOEKZEHA L ZEERENREL 5. Flz X
MR EHEEDERICENYEAEL 5 L, HRNHEDRAEEIRKES %S, 2Fh, K
(4-1) BT, fllx DT A4 7H 4 274y 27 10 HEEO BRI T 3.
T 2T, Fig4-1 12T 2 Aco5ys 05 (4-2) DWHLL 72> T2 DL, Fig.4-1 THo
T3S EED COHEHERRICBIT 2 b0 TH Y, HIT 2B R L R D720
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PCrax — PC; \*
D; = {ICOLS_’)/SZ ’ ACoLSySZ (P e : )

Cmax —-P Cmin
1 4-1)
PSpmax — PS; \*)?
I 2, 2 2( max i )
* sys Re PSmax - PSmin
GC LS,
ﬂ-CoLSys = RCZLSiz (4-2)
G
Asye = B2 @3)
Sys

where

I Number of alternatives

D; Distance to ideal solution in option 7

Icorsys Importance of the CoLiSys goal

Isys Importance of the individual life cycle system goal

A coisys Deviation in CoLSys

Asp= Deviation in individual life cycle system

Geoisys Target values of CoLLSys

Rcoisys Simulation result of CoLiSys

PC:: Predicted value of CoLSys for option 7

PCrin: Minimum value of CoLLSys among possible alternatives
PCrax Maximum value of CoLSys among possible alternatives
Gisys Target values of an individual life cycle system

Fsys Simulation result of an individual life cycle system

PS;: Predicted value of an individual life cycle system for option 1
PSnin: Minimum value of individual life cycle system among possible alternatives

PSmax Minimum value of individual life cycle system among possible alternatives

Thb., —HT, lHMNTATIL v RT L0 BEIIEEOREICET I b0TH
D, WRITLHAPEE RS, K (4-1) 25 (4-3) 1Z/R L 72 Compromised programming
AR R Z R L L2 LT3,

Z @ Compromised programming 5% L 2 BEREL -V 2 EUDELREE TV
CXoT, e HEL OREMEN HEZZE L 2 ZHREIRS > 2L — 3 valRE
&5, 2D 70w AR ARWIETHR E T 51t HEEDIEEED CO, HE & Tl 3¢
HEE DR REFH A OG A CTHHT 2. BREET VI T2 —v a YD
RE 23 E SN2 BRRERS ICELEL 2Bic, ZoRBREKST cottaHE
COHEHiE 35 X U CoLSyS &1k d CO HEHE & AfAlImD > T 2L —v a VIR A
hEh, 2z o BEEOEMIRIOTHE S 5. AT Cld 2 1LEHTE L 72 R 72& D
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BHEEWRT 5. K HEOZMCRIDFHE & 1721k, BE SN AFRICBEST 5
PXT X — ZEDLFERIL T L I CoLSys &R D CO HEHiE ¥ X At OFIEH LD
IR T IO IaL—vavl, BT E2HBEICRDIEOIL YT A —21HE
DEIREI NS, Fig. 4-1 TREE L I 2 BFICRDEI S HFRORBE BRI NS
Zlith b,

CHRERRE 7 v 2 AN THEEMICE S 687 A — 2 EOZ R % H
W7z What-if 023 7o s 2 & 2ERL, ThEREINZERREHEE ICH- T
FEfrInd T, ABEEZER L HAFHORESEVRLERINSE Z &I
5. 2% D, Collaborative SoS DRI TH %5, > X T LLiRkD HEEDZER I 7] 1)
FEFIATLACEXBMEMEHOEH Z#> Jal—vavlTndinz s, $7-,
BERELV—VIIHEI NI BEREETT NI LICREI NS 0, Bir 3/t %
OMECTHELIND LV EMRB AT L2y Iab—va v T b LHARETH
5, INFHEY AT LICE T 2HFEV AT LOEME X ER M EEGICET L
fLLTw3 ez 3.
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43.v1ab—arvFg

ARETE, HEEEEZEB L 28BN ~A Y A v 2T ML L ZBBREE TV
& LCS TIEAZHRE T 5. Fig.4-2 13 LCS % & ® 72 AMFE CHEE L T\ 3 EgH <
AVAVIPDTu—F ¥y — b ERLTVE, FRT v TICONWTHR5,

<l Stfrt >

Step.1 Select a targeted product

v

Set social and individual goals and their
importance
v

Select related products and set interactions in
CoLSys

Set decision-making model applied
compromised programming

v

Run the simulation and outputting the impact
of the CoLSys

Step.6 Are the results satisfactory?

Yes

Step.2

Step.3

Step.4

Step.5

Step.7 Interpret and implement in real world

<l Etd >

|:| - Process for decision-makers in real world

|:| : Process conducted in simulation

Fig. 4-2 Flowchart of strategic management in the proposed method

Step.1 EEOTERCEP B & OB ZFHENR & 35 D2#EIRNT 5.

Step.2 EIRL 28 Fo~T7 ) 7070 —%B 0 GERTNEHEEE L E5H
B AREL, FEEOEEE LM T 2. FEEOEEE TN (4-1) ks
F 2 Icorsys & Isys ZHET. A@-D FERPUEET A+ CHEH SN2 TH 2.
Aftgecid, B HAEEOEEELRFE L, D% bl HELEK
T27008NBELLIITONDE LIEL TS, L7z o T Igpeys &
Lys IAMIECIHEFEL VW E LT3,
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Step.3

Step.4

Step.5

Step.6

Step.7

HEREE AL & DIC CoLSys 2R L 9 2 B EARSRL, & 5N
L, WREGZLICLCS ET A% MEET 5. LCS €7 Mg, CoLSys M
THRET IMHAEMZHRET 5.

FOTEEREETNVOREICHE S, BRRESR IEEREE 7V
LT, thaBEFE L[N B, SEEOEE 2L CEENESHEZEICE
BIREN—NVZFET 5. BEREET VIE ColSys i L, EEAWE
V=i > THEMERICBE#E S 2 87 A = 2 EOBEX*FETT L. 20
BERIELV— VIR EFT2HMB T ICHREIND.

LCS #FEfTL, BRINAY IaL—vav&ommBEsHEhdT s, o
a2 b—va VR oS BAE & AER BAEOZESCRI A B B G L,
TAa) XLICHE S CTERMWICHAEERADIRELFEHT 5.

HEREZFRY 12—y a VIEROFHE 21T 5. % ORGSR A e 7
bOTH B0, HE BESCECMEETHD OME LET .

vial—vaviERRABEWboThNIE, Y IaL—va v TfF
ONEERREONEZMRL, WEOMAcoOFFBICEILT&ICh S,

DI EDRETFF% it B ic kS 272910, Fig. 43 ITRT Y AT LCHBREI NS
LCS #HESE L 72, AR CEIMLZY AT AICOWTRFMTRLTWS, KT AT
LT DWTCEIHT 3.

® Database editor

LCS Efiwic A 72 AT — &2 #{Ek 3 % & 27 L. Product DB TIlZ &5, D EL 5,

R e % O P FE B 23 & M0 X #1, Process DB T3l 7 — & S8 o R 72
ENRELDBETATHA I LT O RRADT — XM EI N5, LCADB T,
BIoMEL, TR oBRBEAR BT — 2 R RS n5.

® [CS model editor

Product DB, ProcessDB, LCADB IZ THHE T\ 3 7 — X & FwvC L85,

F BB LCS ET LV ERR T 22 2T 4,

® Decision-making model editor

WNRETHREMTA TH A 2N AT LOBBRERIRT 220D %
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TLTHY, BEREETVE LCSICEAT 2720 1GEML 72, BRREDOHR
L A, MAER BT 257 X =%, ZOfHoESEA, BERE
[l 235048 X 71, Decision-making model DB ICA&A & 415, TD DB 13¥ I 21—
v 2 VO], LCSmodel DB & DA SR THOINS.

SoS model editor, LCS4SoS Model manager

&R LCS = 7 VA HANEH OFE % L T3 % &~ A 7 4. SoS model editor
TAJI & 7= 1581 LCS4S0S Model manager | IC Kt X 41, LCS &7 L DA
EF & CoLSys A AL X 5. 72, Decision-making model DB O 7 — %
BHEINDG Z LT, BEREICES CHAEMN OB 2L EERREL L T
5.

Simulation engine
ML 72 LCS T A AR E LTLCS 2 ETT 2V AT 4,

System interface S ——
e T .
| |
1 1 S —
| [ Database editor ]:—' Product DB
1 1
: | S —
1 1
! ! LCADB
| |
1 1
1 1
- ’ | ’ :
1 1
1 “ | [ LCS model editor : LCS model DB ’
1 1
: : A
1 1
p | A 4
Engineering ! '
analysis ! Decision-making ! Decision-making
! model editor ! model DB
| |
1 1
| | Y
1 1
' [ SoS model editor ]4—:—> LC84505
! ! Model manager
| |
| | A
i [ Visualizer ‘<—|: Simulation engine
1
| |
1 1

Fig. 4-3 System configuration

-72-



44 FF—RRRT 4

AALTIRETBREARBEFATHA IV RATLR

REETLVOFMEZRIALT 272017 —RARAXT A 2 EM LT, DT —RAAXR
7 4 Tld, EREBE (BEV) 280G T 2 030 BRREE BRETE % v 72 HigH
AV AV ERELL UT, vIalb—vavFHEHOKERT v 7o TR L
TRIEAMS A 7H AL I NV AT LRICONWTHRR B,

Step.1 9, BERREFIIAMESEE —O0ERT LS. SR, av s bh—
BREOKE X T, Bﬂmm@JT¢A4ﬁv'Ah@m)%%ﬁLtEv%
FEIRL 7=,

Step.2 Ric, HEEHELEMEELZZEL, FOREEEZRIL7-. BT+ 3
2, HEEBEENL 2050 SFF TIC COHEHE R Y ricd 5 2 &, EHEIXE
K1%DHESIEIN TS 5. - EE L N CEO HEOEEL 1IFE L \» &
EZ 7.

Step.3 RIT, BIEHREF X EV 2l & L7z CoLSys # K3 2 BEEL N, % %K
L, #V VY vHE (GV), ~4 7V v FE (HV), REMEEL (HB), &
22 v F (BCS), KHEL 2724 (PV) O 5EEEFENL 2. GV T
IV VHEFRE 1,300cc HHY D a v 2 P A —FBELTWS, HV X
0.86kWh ® LIB ##E# L7223 v %27 b H—%HEL T35, MEWERE &
L HEMERIIEROBE Y Th 5[2]. £ 72, BCS IZiF 12kWh @ LIB %, HB
IZ1Z 6kWh @ LIB #5832 D &3, PVOHIIZ 3.9kW & L7-.
R EF 5 REMNEE I N, BEREFIHZOIA 7L 70
27 L OHENER%ZBE L 72, SEloFEH X, HEMOFENRE, HV
%EV@@%%&UB%HB%&Batf7n~»w)1~xIW®%
Bithe L CoRMMIC X 2 HB oFERE (BIHEEIC X 2 FENRE), PV D
FIFHBINC X %2 HB OFERIN, BCS O X % EV OFEH IO 5 fE
HOMAEERZHRE L 72, UT, choofAFERICOWTHHT 5.

o HfEROFEMRE EV L, ko GV R HV LKL T, HEIHD F
A 73 A4 7 NBIRICET S CO,HEHER DRz, AP ED LT
Ha s3] 2o%h, MIEO GV HVDA= N ¥ - 3 VIZD
BLo, RERELSHET 2., 2oy 7oZic X 55Kk
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BEDEALE S, CoLSys DI KRS ESTZZERFHEIN
3.

® HV, EV Offili%4 LIB ® HB, BCS ~D 70— "\)L ) Z—Z :EV D
WRATFREN2 2, HEHEA -7 CIFERFABROEHI KD 5
N3, EV O & % RIS D T s 2 N T, 2030 4E £ TIiT 600 /7
LA Loty 7 (ERIZBER 2756Wh LLE) 2BEEY & L CHAE
TAAHEER R S T\ B [4]. Z ORI ICLY 3 72, HEIEX
1%, LIB oEFHrx k%ﬁﬁkbf@)#47wtif&<u,£@
BRICHHEHRE B OFE 2D, BEWG~D 7/ —o )
1-1%@ﬂén1m 3[6]. 2D XHIT, BV O ML, BERLO~
TIVTAT7a— Il ER 2 5.

® EV #»EFEL LGEHAT S LIk 2 HB OFERE EVIZz AL

FUF AT L LCIRAD T ERNTE, REMANNy 77 v 7EIR

ELTCOMRENEH I N TWA[7]. 2, EV OFEIBEREIC X > T HB
DFREZm -2 bR Z R L Tn 5,

® BCS DIENNIC X % EV OFREEHE[8]

® PV DOLJIC X % HB FREDHEMII]

U EDMHEERICESE, ColSys DIA 7H A 7L T uLAETAE
WS L 7z, Fig.4-4 ICNRL 7% ColSys DIA 7H A 7T aw AET
NOWME%RT. GV, BV, HV D74 7% 4 77 uw ZET VI, G
By, ML, L BN, SR, VA 2 BEEE WO A T A T
Ot A CHERINTWS, [ 7evRCli, REHOHFMBRE X1,
EV & HV TIHEMm2ADH & LIB DF M HRE I N 5. EV - HV T3,
Hilj ko FHdar & LIB O Fdr “UfﬂMéné Sy & HIT X 07 B
X, EIN e zickbns, BT e 2IEL B, BT &Iy
fRxi, Zm— ) a— AT e - ) -3, %9
TEAWETIIFEE T n R ICEb NS, LIB O A 03Fa %l 2 72 & Hk
INHGEIL, Zfa e R XL T L WE L T 5. EV ® HY
Tl ) 2 —RIC Xk 2% LIB OWNEERRIZFZE T Tz, HB, BCS, PV I
FRFh, BRELE [, FEO=7uxxnb ), FNEFNEEREL
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7ra—nn ) 2a— 2B MOFEAC L o CHEUEBRBEAI NS, ZhAbD
TA7H A N7 aeRZ LI CO B ZHTIL, FR-MDITA 754
INTaR ARG LIEb DN, FHEDTATHA 7V AT LICET
2 COfEHEE 2. BEERICX > TH LN B BENEIF, SRR
it o8B a X bE2ELFIWEbDE L, AV ) R —F2Ea
HI2ax MIEEL R
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(II1-1) Demand increase

Battery charging stand

Electric vehicle p| Products | J 0. el Recycleand |

e * B e e e i - manufacturing disposal ;

i [ Components . Recycleand | i I i

! [ manufacturing | Assembly [ Usage ™ 00’:”50: ™ disposal ! (II-3) Global reuse from EV to BCS

1 H * D 1

i % i (II-4) Global reuse from EV to HB

X Exchange i

lmmmme (I-1)Demand §. _._._._.- - - Y PRI [y i s (IV) Demand substitution
substitution _ by sub-function

Gasoline vehicle Home battery

e e e o _ | o A A e ettt et ettt e atinkiet -

i | Components Recycleand | ! ! Products N Recycleand | !

I | manufacturing > Assembly |7 Usage ] disposal ! ! |Lmanufacturin, Usage disposal :

|

% vy .

(I1-1) Global reuse

(III-2) Demand increase

Photovoltaic power generation system

Products
manufacturin,

Recycle and

|'
Usage disposal

:Interactions in connected life cycle systems

; Exchange i from HV to BCS
lcmmm. (I-2)Demand | ._._._. T T-oo-.-. B sppppy .
substitution (I1-2) Global reuse
Hybrid vehicle from HV to HB

P e s i m s _

: Oo_:vo:o:.a —»  Assembly [ Usage —» Collection [ zoo.wo_n and |1

I | manufacturing disposal !

! Ly 1 !

| I

; Exchange i
PSPPI PEPSEPPIPER i

: Process in product life cycle =~ —— : Material flow = =P

“ : System boundary of a product life cycle process model

Fig. 4-4 Life cycle process model of the CoLSys focused on electric vehicles
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442 BRREETIV

Affilzs I alb—va VFIED Step. 4 IC3%4 T 5. £, #MaHIA 74 70
AT LRXROth R HER & MR %2 865 S 2 REORABIHIEA Z N Z NEE I
L. Ry —ARZT 4 Tl Step2 ICTHIE L7z L 51, thaHEER 12050 FF1C CO, HE
HErYe | 2EL, SE0EOMEMAEE [FEX 1%0MEMEoMM] &L %
7o, MHAERICBED 287 2 — 2 {EOEH, $7xb b gl - EHrid 6 » Hic 1
[{T5 2 &2 MELT0D,

WE L7ttt B KOG EEEZ R, BERELN —ARRESI NS, 43 i
ICTRL7ER 1) 225 (4-3) WY TIEDBZLEUTDXHIICET I LRTE 3,

11\
co,_ . CO,.
D; = ICoLSysz 'ACoLSysz 1 T 1 -

C_Ozmin B C_Ozmax

(4-4)
1
\I 2
, . 2
) 2( Profit,, .. — Profit; )
5ys Y \Profitmay — Profitmin
_ €0, CoLSys_result
Rcousys = g osrestt @s)
2CoLSys_target
Profitsys target
sys = ys_targe 4-6)

Profitsys resuit

Where

7 Number of alternatives

D; Distance to ideal solution in option 1

Icorsys Importance of the CoLLSys goal

Isys Importance of the individual life cycle system goal

Acuisys Deviation in CoLSys

Asys  Deviation in individual life cycle system

CO200155 targer Target values of CO2 emissions in CoLSys

CO2001555s reswié Simulation result of CO2 emissions in CoLSys

COs;: Predicted value of COz emissions in CoLSys for option 1

CO2mi Minimum value of COz emissions in CoLLSys among possible alternatives
COznax Maximum value of COz emissions in CoLSys among possible alternatives

Profitsys taget Target values of profit in an individual life cycle system
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Profitsys resurs Simulation result of profit in an individual life cycle system

Profiti Predicted value of profit in an individual life cycle system for option 1

Profitimi: Minimum value of profit in individual life cycle system among possible
alternatives

Profitias Minimum value of profit in individual life cycle system among possible

alternatives

WE L 7-th BEE L E R BAR Ic DT, tha B ICBD 5 37 A — 213 CO HE
BBy zdb0icihy, ANBEZECED 237 2 —2 3ENKEOHIED b DIc7r-
TWw3, 22T, COPERICERT 257 A =23 Wil% & 5T\ 5 T & DBTERT
¥ 305, 2 COPEHBICOWTIREIRT 2 HABREL INEbDTHE7-DTH
2. £, KT —ARZXTF 4Tl Step. 2 1T THAR HAE & # B3 0 HiE o BEREE
FHELOVEHEL T D720, Ioosys: Iss=1:1 72 5.

I FFRMIGEH I NS 28, ZoBRICiEBG T L TEEREDONRE RS
NI A= L [T A= ZEDETEIR] MPREI N, BEREL—VE LTS
htwl, UT, FUGCHREINIBERRETTNVORBREDONRE 2537
A =2 L ZDEDLEENR% Table. 4-1 IC/RT. TIZ T, Kr—RAREZT 4 TRk 5 &4
FOBRPIETE I BICTOURLAEARA MEEZEHL b0 Tbha Lt L, HED
FIZETlE 7L, BRISAMYIREZ®E L 72 0¥ MEom L4 Big$ L IE L 7.

Table. 4-1 Adjustable parameters for each product life cycle system

Product name Adjustable parameters Value range Related interactions

Gasoline vehicle Decrease rate in the sales ratio of 0.6-1 (I-1) Demand substitution.
gasoline vehicles in new vehicle sales | (Initial value: 1)| (I-2) Demand substitution

Hybrid vehicle Discount rate for selling price of used 3-20 (II-1) Global reuse from HV to BCS
batteries of HV (Initial value: 3)| (II-2) Global reuse from HV to HB

Electric vehicle Discount rate for selling price of used 3-20 (I1-3) Global reuse from EV to BCS
batteries of EV (Initial value: 3)|(I1-4) Global reuse from EV to HB

Battery charging Increase rate of the amount of BCS 1-11 .

stand production without getting profit (Initial value: 1) (Ill-1) Demand increase

. Increase rate of the amount of PV 1-11 .

Photovoltaic system production without getting profit (Initial value: 1) (IlI-2) Demand increase

Household storage | Decrease rate of the amount of HB 0.7-1 (IV) Demand substitution by sub-

battery production (Initial value: 1) function

—flE LC, GV DELE T A 7H A4 7 AL 2T LTHEA L 2 BREETALITON
TS 2. GV O I X — 213, [HHEIGEEHICE® 5 GV OIGEEIE DI
MH| L L7z GV OERFELEIZ, EV ® HV ORI ED T 25 DD EV #
HV OEMBIFRIC L Y GV OBRGEHHKIIE T T 228, GV T, BREAFKRD 72
IC GV OIRFELE A L VKT X2 2 BESHEI NS & Lz, HIES I, ML
2\ (1) 226 40%HIE T 2 (0.6) DfCHEERREL L, IRFEHE%Z T I 256D CO,
PEHE L FIZE 25158 L, Compromised programming A% ¥ 35 2 & ¢, HAHM 7 fi#
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I IR VIBRINIG 258N T 2 C &L NA[RRIC 2 5. FoftioBlfhiconwTy, #ligo S
AT7HAVNY AT LT LICNT A — & LRI TR L, BERE T 7 oML
It FWEMACTE, ThbD T XA —ZFEEREFICL > TREIN, AT —
ARRT 4 TIZEV ORBREFICL > TREI NS,

ZCC, BRI ATHA NV AT LOBRREET VCH LN COPEE
MR DFH IR E AT TR

® EV

EV OERBREETFTATIRN ) 2— 2 LIBliRE S | 0LBE IR I N 3.
Y 2 — R LIB flif&&EI & 13 HEHF A LIB % ) 2 — 2 n & Tt 20
DERETHRNTA=2TH L. BERREF LA LIB Offitg 251 & T
T2l TEVELDY) 2 —REEBETT 5 2 EHATREICAR Y, R A
LIBDY 2—2BHKICORNE. ZOBEEREILFig44 © (11-3, 4) O
MHEMICEEZ KIET. V22— LIBlifEEIA% R BE, EIRTE 3
BAEDOHIPH % Rev-min<Rev<Rev-maxr& B . RIF —ZARZXX T 4 TlX Rev-min=
3, Rermar=20. TNOHEEE Y 21— REeHERT 2fitg 23572 L T\ 25
A, V2—RPRrT52eickns, £, Va—xBRCHRETLZaXE
(Creuse) 1CDWTIXHAIELE X 7z LIB DML D 1/5 225 LRKE L 7=,
COze & Profit o I T OFTHEHATERINS,

If (Plibfev/ReUSCj) (U J—XiPﬁibﬁ’Lé (1_’_ %)

COyz ¢y—; = CO, CoLSys — Z(nj * C0, j—production) @a-7
i

Profite,—; = Profite,—sates

+ Z (Tl] llbe:v - Creuse)) (4-8)

+ (nev — 1) * Profitrecycie
else (V22— Tbhikwgs
CO; ev—i = CO3 coLsys 4-9)

Profite,_; = Profite,_saies + MNey * Profityecycie (4-10)
where
Jj: Reuse destination product
n;: Number of reused LIBs to product j
n,,: Number of reusable LIBs of EV
CO; coLsys: CO, emissions of CoLSys

CO3 j—production: CO2 emissions intensity of LIB production for product j
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Profit,,

_sates- Profit of EV sales

Pjip—ev: Price per LIB of EV

C,euse: Reuse cost per LIB

Profit

recycle

: Recycle profit per LIB

GV

GV o BERBYUEET A ClIRTAD@E Y, HERFEEEICHD 5 GV DikFE
HAEDOWAE | OEHESIHET I NS, GV OBEBIEHR T GV OIRGEEIA %
KX 2FR%ETS 2 LT, FlEEIFEAT 25, EV OB RBEESI NS
T ETCOHFHBDHIBICORITS 2 &8 TE %, Z OEEREIL Fig. 4-4
D (1-1) OMAERICHEELZRITT. GV ORPEIE% Ry 3%, HEIRT
& ZRUEDHIPH % Rgr-min< Rgv<Rgr-mar SE LTz, KT —AZAXT 4 Tl
Rgv-min=0, Rgr-mar=0.3 & L72. GV ICBF 2 BRBRTICHED COs0i & Profit
e AT OFHRATERINS.

ng_production = Vgv_production_pre * (1 - Rgv) (4'11)
Ngv_use = Ngv_use_pre - ng_production _pre * Rgv (4-12)
Vev_production = Vev_production_pre + ng_production_pre * Rgv (4'13)
Nev_use = Nev_use_pre + ng_production pre * Rgv (4-14)

COZ gv-i = COZ CoLSys + (ng_production * COZ gv_production)

where
%4
%4
N
N
%4
%4

gv_use

+ (Ngv_use * COZ gv_use) + (Vev_production * COZ ev_production) (4'15)
+ (Nev_use * COZ ev_use)
Profitgv—i = ng—production * Profitpergv (4'16)

gv_production_pre- Predicted production volume of GV
gv_production: Production volume of GV after decision-making
gv_use_pre - Predicted number of using GV

: Number of using GV after decision-making
ev_production_pre- Lredicted production volume of EV

ev_production PTOduction volume of EV after decision-making

ev_use_pre - Predicted number of using EV

N
Ny, use: Number of using EV after decision-making

CO3 pergv_production: CO2 emissions per GV production

CO3 pergv_use: CO2 emissions per GV usage

CO3 perev_production: CO2 emissions per EV production

CO3 4y yse: CO2 emissions per EV usage
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Prof itpe

If  (Pupp

T

- Selling profit of GV per unit

HV

HV OEEREE T AL TIX EV L RIfRIC, [V 2—X LIBflitgEl& | o&H
BRETE NG, COBEIREIR Fig.44 @ (1I-1, 2) OMHAERICHEL X
I35, V22— X LIBflit§#E &% Rwé 5%, EIRTZ 2 BIEDHIF % Riw—min
<Riw < Rp-marl 5. K7 —ARXXT 4 Tl Ryw-min=3, Rip-maxr=20. T
NOZH L ) 32— RERERT 2flitg 235572 L T 256, V21— AT
T2l d, Fiz, Va—RRFICHEET 23R L (Creyse) T2V TIEHT
HELE X L7z LIB OflifE D 1/5 2025 EARE L7z, CO>m & Profit m (LA
DitENTEREI N 3.

/IRw<C) (Va2—=2pfTbhd L ¥)

COy py-i = CO, CoLSys — Z(nj * C0, j—productian) 4-17)

l

Profity,—; = Profitpy—_saies

Pl'b—h
+ Z (le * ( ;2 - — Creuse)) (4-18)
- h
i

v

+ (nhv - nj) * Profitrecycle

else (V2 —2ARBThbnaWEgs

where

CO; hy-i = COz coLsys (4-19)
Profithv—i = Profithv—sales + Npy * Profitrecycle (4'20)

J: Reuse destination product

n;: Number of reused LIBs to product j
n,,: Number of reusable LIBs of HV

CO; coLsys: CO, emissions of CoLSys

CO3 j—production: CO2 emissions intensity of LIB production for product j

Profit,,

—sale.

o Profit of HV sales

Pip—ep: Price per LIB of HV

C,cuse: Reuse cost per LIB

Profit

recycle

: Recycle profit per LIB

BCS
BCS O EBREE T L TIEIBCS BUEMEI S | oXH 2 e+ 5. 2 2T,
BCS #EmE & & 1%, AT 2 Eisk BCS #ucxt L C ol #3523, BCS
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where

DI 1F BCS DA Z Wi X 222, EV O K& it X 2T CO it E %
WYX BHEINTH B, Ky — R R X T 4 TREEES D BCS DRG0
ELCEMEL, SLEE OIS BCS OFIE K TFEE2 D& LTHEL
7. ZOEBIREIL Fig. 4-4 © (II-1) OMEMERICHEER XIT$. BCS
HNE G %Z & BF Rues, BIRTE 2BUEDHIPA% Rocs.min<Rbes< Rbes-mar& 7%
E L7z, Ry —RAAXT 4 TlE, Rbesmn=1, Rbes mar=1.1 & 3%E L 7=. BCS
BT 2ERIETHCOND COz2bes i & Profit pes i 1FLLT OFHEA TR X
ns.

COZ bes—i = COZ CoLSys + Vbcs?productionﬁpre * (Rbcs - 1) (4 21)
*{COy perpes — Ratepes x (LCAg, — LCA,,)}
Profitbcs—i = Vgv—production_pre * (Pbcs_sale - Rbcs * Cbcs) (4'22)

Vies proauction_pre: Predicted production volume of BCS

CO; perves: CO2 emissions per BCS production

Ratey,.s: Number of required BCS per EV

LCA

gv’

LCA,,: LCA value of vehicle types

Ppcs sate: Selling price per BCS

Cpcs: Production cost per BCS

HB

HB DERREET AT [EVICX 2EXR ] oL@pkitans. cn
IZEV A& EMMbE NG 2 & THB OFERREI NI EAEERT. AR
% EWF 3 e, HB ORFETHE O N 2 FIERITIA 3 % 28, CO, HEHIE DI
PCokd 5, HB O RIASZBLEBBUCH T 5 C & TREIERER O RIE B
PEHEINS., COEBIREIL Fig.4-4 @ (V) OMHAERICEE L KIET.
EV ICXB5RREEL R LB, EIRTEX 2HMEDHIPH % Rabmin < Rib <
Rub-marl BXE LTz, KT —AAXT 4 TlX, Robmin=0, Rhb mar=0.1 &%
FE L7, HB ILH T 2 BERETHCONS COrwi & Profit w i 1XLAT DEF
BckaInhs.

COZ hb—i = COZ CoLSys + Vhb_production_pre * (1 - th) * COZ hb_production (4‘23)

where

Profitbcs—i = ng—production_pre * (1 - th) * Profitperbcs (4'24)

Vib_production_pre: Predicted production volume of HB

CO3 np_production- CO2 emissions per HB production
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Profit perpcs: Selling profit per HB

® PV
PV 0o EBAPREET L CIE [PV MEERIG] OZFHBRHF NS, i,
BCS t[FItkic, Rl Pv BLERICH L COMERIGZRT. PV O
FEIXZ RS2 M E o0, RECHHINIE N %) —vikse s
LT COHEBZHIRE ¢ 3. K7 — 22X &2 F 4 TIIHEHES D PV D IRFEA
a0 L LTEHEL, ZETOHMN BCS DRI ZETFEE2bDLE LT
RE L2, ZOEBPRTEIR Fig 44 © (1-2) OHAMEMICEEL KT,
PV OIEFEEI A% Ry & B, JEIRTE 2HNEDEIFA % Rpv.min< Rpv< Rpv-mar
ETb. Ky —RAXT 4TI, Rovmin=1, Rpvmar=11 LFXELTz. PV
CBT B EERETHNOND CO2py i & Profit p AT DEHRATER T 1
3.

COz pv-i = CO; coLsys + Vpv_proauction_pre * (va —1)*LCA pv (4-25)
Profityy,—i = Vpy—proauction_pre * (Pno — Rup * Cpp ) (4-26)
where
Vv production_pre: Predicted production volume of PV
LCA,,: LCA value of PV
P py_sate: Selling profit per PV

C,,: Production cost per PV

4432 2ab— 3 vET
4.4.3.1. FE@ERG

vial—vavoFfiz, A0 37 HFAOHAROH T Z4E L 2021 £2>5 2050
FETo 30 FlEY Iz —va viliIiile Lk, KiFFETIE. CO, HEHE % FH it
e LR L, EV OEHABRRICE T 2 CO HEHFEHALIZ, &M 72 BIFRE K I
K77 L, BfiifE & & B4 2 X 5 IC%E L7z, tE2MAEERRIC X 5 co Bk
HUR BN I3, TERRIICIRA L, 2050 FEiC 3w & 73 X 5 ICRE LTz, £72. RS
Tlid. SRR IC X 2 Bk FF L, MAOHEHEE O 2GEH I NS, £l
ICIEE I NS LIB OREIR. Y Ial—ra vHlEZBLCETH B LIEL
7=.

4432, FH@ESFVF
KW clY, BERBEETAEESD LCS ETLOEMNEEHL 2 IcT 27201, =
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Table. 4-2 Evaluation scenario

Applied conditions

Goals
Individual goal | Social goal
Scenariol (S1) v
Scenario2 (S2) % v
Scenario3 (S3) v v v

Interactions

100,000
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Amount of product diffusion [Units]

20,000

0
2021 2025 2030 2035 2040 2045 2050
Year

Fig. 4-5 Amount of product diffusion

DOFHM F VA L 72, Table.4-2 &Y F VA THEHHAINBIEHEZRY. ¥
FUA 1 (S TlE, MADFAT7HA IV AT LOBEDABERIN, VAT
LM OMEEHIZEE I LTV, DF Y, CoLSys BRI NT, H—r X7 LA
EhHERE LCofRBEIENS, ¥ F VA 2 (S2) 1%, ko LCS4SoS & [FIEE
IZ CoLSys #EKT 228, [ADIAT7 F4 7V AT LOAEDARER LD
DTH5. oFh, BEMIEEFRILY I a2l —Ya vty BERREET A %2H
L7Zawv, ¥ F VA3 (S3) ClF, BEREETAMICTEWT, CoLSys D CO, HEH & HIlR
HiZEe, 4 0BET A 7H A 70 2T LDFEE WS BRIFESEBED — >0 HiZ
ICEOWT, BIBEERESTObNE L. LA > T, AFFECRELZERR
EETNMIES3 TOAEHI N, S3 DffR%E S1, S2 iR Ts T, BE
REETNLVOHMNEEZFIT 5 ENTE S, Fig 45 KKV F VA ILE b5 H
Ry F ) A ERL, FEAEOE KB OREICOWCHHAT S, £, v 12—
g VIR O HERORRIFZETCDOYFIUAT—EE L, FEINZHGOK
ROy I 2 —va VEBEICH -2 EHlAEhEI N2 D L 35, FHEE O

-84-



fini 13 FL L, FEEEROAFTHCKFEMORELEE AT L 5 2 & CHEMOH
HRELE BB EKD 5. HB & PV I, BEFEOE L FHNICHE D ZE L2, BCS Ol
EV D 1/4 & L7-. S3Tl, HAERDEE A2 T8 L1 ZL T 5.

4433. YIalL—vaviER

v ialb—va ViR % Fig 4-6 2*5 Fig. 4-11 IC21FC/R"9. Fig. 4-6 x> F U A
TEDABOBGEEREERL TS, S1 L 2O TIEKE AR TR
723, S3 TlE EV 3 XU BCS 0BG EERICKE AL AL T b 2 L ik
WTE 2, CThIFREAEERICEEST 2R~ A X v P BERIEE T VB A
Lo TLCS FICKBLENT WS Z L ZRTAERTH S, S1 & S2 1% Fig. 4-5 1T TR L
EYFIAICEZ LN B REICH > CTRBEERENREIND 20, ¥ F
FHCRERZCIIMERTE RV, S3 TR BE L £AEHE 2 S L 72 8K
YA YAV MCX o TRV EERSKEZ K ZILL 7. Fig.4-7 12 S3 Ik 1F 2 8 5%
HERTD, Fig. 45 Wil TFohzonz8Ekes I RECELLLAEZC L
MR TE 5.
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Fig. 4-6 Monthly production volume

Fig. 4-8 2> & Fig. 4-10 1X, %> F VA 0#GEH CO JHBEDO AR 2R L7-d D
T»H 5. Fig. 4-8 1% Fig. 4-5 1T L 7= B O S I b 72 ST &G COo, BEH
HORWHESTH 5. Fig.4-9 1%, S2 OELGH] CO HEHE D AHEETH Y, Fig. 4-8
T3 e, S1 OFERE S2 OFERICIIKREEVIIR O WWT & BERTE,
UL Fig. 4-6 TR L7 X D ICHRBAFERICKEREVEREL T ARWVWEZDTH D,
S2 TlEZ v —o Y 2 -7 EOMBMEMRFEAEL T 5208, ZOE I/ W
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Amount of product diffusion [Units]

Monthly CO, emissions [t-CO,]
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Fig. 4-7 Simulation results of amount of product diffusion in S3
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Fig. 4-8 Monthly CO; emissions of each product in S1
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Fig. 4-9 Monthly CO; emissions of each product in S2
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Fig. 4-10 Monthly CO; emissions of each product in S3
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ExRRLTWA, Fig 4-10 1%, S3ickF 28 co & D AL ch v, EV
D CO, HEHHE OB LRSS, o> F U FlicH_RTHLC L AHERTE S, £
72, GV O CO i m DA HEE b #H <, HV O CO HFHEDOHMED /NE o T
W3, 2, HEFOBERBZFOMEI BEN LTI L ZRL T3, BCS D CO,
PEHE It F ) A L IR LTHEMML TH Y, Zhid EV OFERICHES BCS @
FHERICERT 2. £2TOYF ) FiCE T, 2040 FLIFIC PV D CO, HEHEDHE
Mz, chid, HENEREI v 7 2OBRELIER, PV OFFHERE colix
FACNEDPNE L o 72720 TH 5.

Fig. 4-11 1D CoLSys &f&D CO, HFHE AR L TH Y, AWML TREL v
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WTE 5. 2050 FFICTH T, 83 TD CO HEHIEIX ST X 9 H#922%, S2 £V ) 20%
WA U7z, S1 & 2 TIEREARZ /TR v, ST FMHAFEARREL VLT
VAT, S22/ EVS HV 225 HB° BCS & L CEMB I/ m— L) 2—23 N5
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Fig. 4-11 Monthly CO; emissions of CoLSys
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20, TN ORHIC EV A% 8LEIN5/-0ThHh 5. 2Dk, —HL TWAHE
MZEZRLTWS, 2L, BNy 7 AP EVOFHZKIRICHME /-2 Licky,
CO HEHED WA L7272 TH 5.

TDF—ARZXT 4 Tlk, BV ORERER L, 0ofREZHNT, &ELKM
HEM oM Z5HEid 5. % DfGE, ﬁﬁ@%é%@@%hf Z DA %2 521
RCEHHT 2700 Y A ICHS. WETERVEAIE, Fig 41 D70 —F % —
MoRTXoic, Atton#ta RESTC Lick s, ZoHEFITE, MHRSESNEE
b RE CARMEL T 72728, Fig. 4-1 D Step. 2 ICJR D Z L7 5.

45 ER

T, FHEORE Acorsys EAsys) ICEHB LT, BEIEET NVOBGEEZ (T 72,
Fig. 4-12 1%, S31C 35 1F % CoLSys D17 (Acorsys). GV DREFFIRHEEDMRZE (Agys),
EV DEFNRBABEDORAE  (Asys) OBV ZED Y Z/RL T 5. Fig.4-12 225 2035 4F
T TOTFNOMHED KE S L Twiangs, 2035 LA TIE CoLSys DR ZAE LA %
<Lﬂttu&ﬁﬁaf§5 T, Fig 4-11 1R T X 91T, 2035 FFLARRICERE &
N7z CO PR EHIREEICE W2 1T 3, FEHRIIC CoLSys DIRAENKE K b7z L
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N2 ERREETARRL TSI L EEKL TS,
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Fig. 4-12 Trends of deviation in S3
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Fig. 4-13 Amount of global reused batteries
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Fig. 4-14 Profit trends of each vehicle type
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Fig. 4-15 Profit trends for BCS, HB, and PV system
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Step.1 Set a system boundary

1-1.  Select a targeted product

Select heterogeneous products related to the

-2 targeted product

1-3.  Select business models of each products

y

Step.2 Develop each product model

v

Step.3 Develop a process model

3-1.  Develop each life cycle process model

Develop interactions between life cycle process

32 models

A 4

3-3.  Develop a two-stage allocation mechanism

v

Step.4 Develop a decision-making model

41 Select social and individual goals of each
" product
4-2 Develop a decision-making model applied
" compromised programming
v
13 Set the importance of their goals of each
" product

Step.5 Execute simulation

Fig. 5-1 Flowchart to life cycle simulation including proposed models
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Fig. 5-2 System configuration
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M-EV & S-EV
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Medium electric vehicle (M-EV)
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Fig. 5-3 Life cycle process model of EV and SEV
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CRAEMEL TS, T e e AR TEBEIHREOREREELTHY,
BEEEOB IV ED Y R 7 0 & 2 CH X 2 Hij A R E X
Nz, 7z, AAFHEO LIB I3EFEAERD 70%IC F)5E Lf%bxﬁﬁﬁﬁ
EREL, h—v T ) v 7HO LIB BEGTEED 50%ICHHE L ZBRics
fanfTbin s LIRGE L 7=,

BH 712 2 CIREEH 7 0 & 21 CTHEAEIED L < 13 LIB s L5
LHIEINHEBmAE SN TL 3. EHEAFAZHEHGIZHCITCOMH 7 ok
ANERING,

B 7 vt 2 ClddFm Azl z -HmAFH 70t 20 5% 60, Hijos)
R Tbhs., cot %, MAFIHED LIBICOWTIZY =7 Y v 7 Hli~
DY 2—ABWETEIN2. ) 2 —ABTbN o -EAFHED LIB X
Ny =27 ) v ZHEO LIB (34l d 2 BERG~D 70— ) 22— A
bz d, BEETowA~NLXELNEI LK.

7 0n XTI LN T X 2B HB BRI S - ik
LIB DY ¥4 7 VIR o, VI A4 70 S in NS 2 o TN AL
HMINg, FHE0 Y A4 7 I sk U 34 7 VIS D TE ST,
1ZZEIC LT,

M-GV & S-EV

M-GV BX U S-GV DI A4 7% A4 77t RET V% Fig. 54 ICRT.
M-GV & S-GV i3t 7o 2, fz7vx X, #HH7evx, EHT
Ok R, FEET O RATHERINDG. KT —RARXT 4 IR % B,
TPy, BNy T Y —, ZAVOUDICHEL, HIKICIEE— X, LIB X
AX LS OEE B EE N2 X5 ICETBRBE T v A2 ET ML 72, &
g 7w A CHEEMmAELE I N2 BRI T e e 2~ ko g, T
1 2 CHLE X N2 G ARNHE, h— =T Y v ZEHEZAZNOfE
HA7aex~LEkon, HRRIICE U ZBREARGIE, FaflE, S
EDfTbIDE., TZT, RFr—RAAXT 4 TRAI—v =TIV V7P —ERIC
Ao M-GV TH Y, S-GV IZHVwLiRwe T3, FiiRod@Ey,
FXE R EIX M-EV R S-EV LRI TH 5. BEHE T 1+ X CTRREFOEH
BPiTbid, —H T, M-EV % S-EV & 138740, HriffbEsl i~ 5o
Y2 — 2 FEE X N, H 78 R CHEAHE 2T b L7 Bl 1 PR
T ZA~bELN, VYA 7B XN fTbNG. K0 ) 3
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A4 7 VIO W TSRO D B fiEi 2 FVvCT\» 5,

Medium gasoline vehicle (M-GV)

manufactlurinq t

1

1
: Engine i
i manufacturing !
! Body :
: manufacturing U i
i | sage Recycle and !
i Tire Assembly (ownership) disposal :
! manufacturing [Ty i
: ' Exchange Usage i
! Small battery g (car-sharing) :
' 1
1

1
1

1

Engine
manufacturing
Body
manufac'furinq
Tire
manufac'furinq

Small battery Exchange
manufactlurinq

1

1

1

1

1
Usage N Recycle and !
. . 1
(ownership) disposal :
1

1

1

1

1

1

Assembly [

A

Fig. 5-4 Life cycle process model of GV and SGV

® BCS
BCSD I A4 7% A 77 utwRET VT Fig. 5-5 ICRT X Hic, @il o
v A, FH7avR, FEETorATHRINTW S, LIB 2GS ME L
THENTHY, M-EV ® S-EV 226 DfEHFEA LIB D7 @ —o31 ) 22—
DEBTEL IS CETMMEBENRT WS, $72, RERX YV FOYEKREHK

Battery charging stand (BCS)

e s \
! Products N Recycleand | !
manufacturing disposal !

Fig. 5-5 Life cycle process model of BCS
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I /XL T3 M-EV & S-EV O&FHERZREICEHR I N, EXEEITE4 G
ICo% | HELEXI N B8] HEE T o A TIRER T LIS I NHIC Y ¥
ATNET, VA INTERPoTZHBMIIHO T CUE IS, V3 A
ININDEFZMDOY S A 7 AFKITELRAHED LIB 5XOAY Y vHEHE
DHEAEDOHIELFRIL  DEMFHL T, HHFATHO Y 22— 3 Tbh
e L7-,

HB

HB D74 7% A4 77 atXET VT Fig. 5-6 1S3 X Hic, #iErm
X, FH7vvR, BEESO2ATHEEI N TS, BCS &FHEE, LIB A
B E LTETINTEY, M-EV ® S-EV 225 DffifHi%#A LIB D 7' u —
PN Z—APRERTE BRI ICET MR INT WS, JEE S XTI
S LRI NI FA I VBT, VI A 7 TE R o 72 F=M
ZHED T I NG, VIA IAINDIFE MDY A 7 AFKZHY ) VA
B L A CEEZE L T 5. [HHFAEGO Y 2 — X 3 fThik .

Home battery (HB)

............................................... \
Products Recycleand | 1
manufacturing disposal !

Fig. 5-6 Life cycle process model of HB

PV

PVDIAT7HA 70T RERETIVIEFig. 5-7ICRT X, #iE7Tm+
2, HH7a R, BEEToATHEKINTHS, (FEHPV ORIk
NFEEREr MG I N2 ENERBET2LEFEZON, BETDIIET o7
REAfZMoFTcLenTcErLE2LNE. 20k, fiHT v TIE
RO S I 2 REI v 7 22 ML 25, HIIRT % 2 B A
DEIFHE I TW L, FEET v 2Tl L FRIC) 34 2 2T bh,
VI A 7 AINHZCEMICOC TS e X s, HHFAET @O Y
- frbie e,

Photovoltaic power generation system (PV)

P |
! Products | ]| Recycleand | !
manufacturing disposal !

Fig. 5-7 Life cycle process model of PV
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FERICRLAZEBED I A 7H A IV Ta RETAEREE L%, T4 79472
N7 aw ARCHRET IMHAERZHREL, A IA 74 IV AT LXET IV
RREET 2 (322). K7 —Z AKX F 4 Tld Table. 5-1 iC/RTHEIER Z3E L, Fig. 5-
SICTRTHAMIA 7H A I NV AT LRETFT A ZRELEL 7=,

Table. 5-1 Interactions of CoLSys

Interaction name Related Details
products
(I-1)  Demand substitution M-EV, M-GV g;e/mand substitution of travel demand between M-EV and M-
(1-2)  Demand substitution S-EV, S-GV giz/mand substitution of travel demand between S-EV and S-
Battery reuse from M-
(I1-1) EV 0 S-EV M-EV, S-EV  |Reuse of used LIB of M-EV to S-EV
(I1-2) tC(B)IoBbéiISreuse from M-EV M-EV, BCS | Global reuse of used LIB of M-EV to BCS
(11-3) tCE,IOHbSI reuse from M-EV 1\ e HB | Global reuse of used LIB of M-EV to HB
(11-4) gl;bcalsreuse from S-EV S-EV, BCS Global reuse of used LIB of S-EV to BCS
(11-5) gIOHbSI reuse from S-EV S-EV, HB Global reuse of used LIB of S-EV to HB

(Ill-1) Demand increase M-EV, S-EV, [Increased demand for BCS due to the diffusion of M-EV and

BCS S-EV, vice versa
(Il-2) Demand increase HB, PV \I/r:;;zased demand for PV due to the diffusion of HB, vice
av) Demand substitution by [M-EV, S-EV, |Demand substitution of HB by converting M-EV and S-EV
sub-function HB into household storage batteries

MHERDERE I N1k, BN A =X L2 RT3, Ky —2R22F 4T
IV ) vHBIE EERABE, 87V ) v HBE B ABEOM TR T 2HH)
FHEORBEZNR L LT, HHAVEROBETRES X WEEGBO AT 1%
HEM DDA TTON S, “EBEDHA =X LI 2T I EEZSIBL Tz
X 72\,
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Medium gasoline vehicle (M-GV) Small gasoline vehicle (S-GV)

Recycle and
disposal

Components
manufacturing

Recycle and
disposal

Assembly

(I-1) Demand substitution
Medium electric vehicle (M-EV) Small electric vehicle (S-EV)
R ) PP s | 1 1 (H-D)-Batery reuse-from: EV. 0 m_m< i e e e e e

v v ! by v |

. 1
l ! |
! _ i
! OEEEE&G Collection ﬁmm%n_m and ! Do:ﬁozmz.ﬁ Collection Wmﬁﬁm and i
! [manufacturing disposal ! Lmanufa i 1 i
! r 1 X3 1
1 1 N
; 11-3) Global i
; A mdw._o_mmwwc Mmmm ! : (I1-4) Global reuse from
! ({IV) Démand substitution SEVtoBCS !
! _uwm.m_.__u#.ssn:o: !
(11-2) Global reuse - v (I11-5) Global reuse from
from EV to BCS ~ [H—___ Il _ \ SEV to HB

(I1I-1) Demand increase

Photovoltaic power generation system (PV)

R e .”

i Products Recycleand | ! Products '

. Usage - ' : i l
manufacturin disposal : man

(I1I-2) Demand increase

_H_ : Process in product life cycle  ——» : Material flow  <@== :[nteractions in connected life cycle systems

System boundary of a product life cycle process model

Fig. 5-8 Life cycle process model of the CoLSys focused on electric vehicles
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Step.d EEREET N OREE

FFHAMIA 79 A IV AT LA ROtAEE Lt RN % 8lE4 3
¥ EEEZ Z NI NRETSE 4-1). Kr—22%257 41 CRELEES
[2050 4E1C CO BEHEX v | 2#FFE L, ShEOMBIAEZE [HEF 1%D MR
oM & L7z,

WE LA EES LA K., BERETTANEBEING
(4-2). BRREETAEBET 2 TFE 4 ZICTORLER 44) 253 4-6)
LRILTHY, BRI AR MBECEOCERRESfTONS & L. UT,
BB CHEINIBERREETAVDONRER B NT A=K, T X —ZEDE
HiE, X (4-4) 1cBTF B COy & Profit, DRI R RT.

® M-EV

M-EV OEBREEFACIE [) 22— 2 LIBflit&EI & & THHAE Y 2 —=
LIB @ FIRE] OZE RTINS, ZHICR[12]Ic TIREI N2 0 —
PN = APRET 220 DFKMFICETNDEARNTA—2THSE., V21—
LIB flif& & &3 A LIB % ) 2— 2% (Fa—n"1)a—23 50 35)
KWK O TRUT 200 E2RET 257 A =2 Th 5. BEREF ITHEHF
A LIB Offitg %5l E T2 2T V& DY) -2 2mald 2L
AREIC R D, AR LIB O ) 2— 2B KICOAhH 5. F, HiGY 2—
2D TREFIGICTE 2iHiEA LIB © Y 12— X n[REE O RAKEZ Zk L
TkY, TIREZELGHZ 2L CHIIERIBILLS T2 EPHEICARS.
Z DOEEBHRE L Table. 5-1 @ (11-1, 2, 3) OHEIEHICHEEL KITT.
M-EV ® 556, Y 22— X LIB flif§ &4 % Rey, A5 Y = — 2 LIB O TRE
Ve, LBE, FEINCTE 2HUEDHIFA% Rev-min<Rev<Rev-max, Ver-min<Vev
Ver-mark 5. RIF—ZAART 4 TlX Rev-min=13, Rev-mar="20, Vev-min=
200, Ver-maxr=1000 &L E L7z, TNOHERE Y 2 —REERT 2 fffifg &
Yo —ZXu[RERDH 72 L CW e, V2 —ABMILT 5 Lickhd. iz,
Y2—ZBFICHET 232 (Croyse) 1T W TIEFTHHELE XN 72 LIB OFffi
WD 15 20525 LIRE LT, CO2e0 & Profit o 1ZA T OFTEATRIN S,

If (Plib*ev/RE‘USC‘j&& Ver< Vj ) (U :L‘—'Xi))?]‘bhé k %)

CO; gp—i = CO, CoLSys — Z(nj * CO, j—production) (5-1)

l
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Profitev—i = Profitev—sales

Piip-
+ z (nj * (% - Creuse)) (5-2)
- ev

i
+ (ney = 1)) * Profitrecyce
else (V2 —2BTbhiwEgE)
COz ev-i = CO3 coLsys (5-3)
Profite,—; = Profitey_saies + Mey * Profityecycie (5-4)
where
J: Reuse destination product
n;: Number of reused LIBs to product j
n,,: Number of reusable LIBs of EV
CO3 ¢oLsys: CO, emissions of CoLSys
CO3 j—production: CO2 emissions intensity of LIB production for product j
Profit, . :Profit of EV sales
Pjip—ev: Price per LIB of EV
C,cuse: Reuse cost per LIB

Profit : Recycle profit per LIB

recycle
® S-EV

S-EV OBEREETAMIIMEVObDEFERLEL, R (5-1) 226K (5-
4) PEEREEFANTCERLIN TS, ZOEERETIL Table. 5-1 O

(11-4, 5) DMEFRICEEZKITT. S-EVENRETIHE, Va1—2
LIB flif& & & % Ry BHEY 2 — X LIB O FIRE % View & L, Rsev-min = 3,
Rser-max=20, Vser-min=30, Vser-maxr=300 & #E L C Lo ICHEHH I 3.
F72, V2 —RRHCHET 23 A (Croyse) 182 W TIIESHBIE & AR,
PSS X N7z LIB OAfit& D 1/5 23202200 % EE L 7=,

® MGV

M-GV OEBREETALTIE [M-GV OFADEE | OEEIHETE NS,
M-GV O ERIREE 1T M-GV OIRFEEIAZ KT ¢ 2 #2175 2 LT, A
I T 5 23, M-EV O e x 115 2 &< Co HEHEDHITRIC D 7
F2ZEeRTEL. ZORERIEL Table. 5-1 D (1-1) OMHAEHICHES
KIZT. M-GV 0D EIEG % Ryl 3%, EIRTE ZBUEDHIPA % Rer-min <
Rgr<Rgr-maxrt 3%E LTz, KT —RAAZT 4 Tl¥ Rgr-min=0, Rgr-mar=0.3 &
L7z, M-GV BT 2 EEREICHED COz g & Profit o 1A T OFHRAK T
RINS.
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ng_production = ng_production_pre * (1 - Rgv) (5'5)
Ngv_use = Ngv_use_pre - ng_production pre * Rgv (5-6)
Vev_production = Vev_production_pre + ng_production_pre * Rgv (5'7)
Nev_use = Nev_use_pre + ng_production pre * Rgv (5-8)
COZ gv—i — COZ CoLSys + (ng_production * COZ gv_production)

+ (Ngv_use * COZ gv_use) + (Vev_production * COZ ev_production) (5'9)

+ (Nev_use * CO, ev_use)
Profitgv—i = ng—production * Profitpergv (5'10)

where

V gv_production_pre- Predicted production volume of GV

V gv_production: Production volume of GV after decision-making
N gy, use pre - Predicted number of using GV

N gy use: Number of using GV after decision-making

Vv production_pre: Predicted production volume of EV

Vv production: Production volume of EV after decision-making
Ny yse_pre - Predicted number of using EV

Ny, use: Number of using EV after decision-making

CO3 pergv_production: CO2 emissions per GV production

CO3 pergv_use: CO2 emissions per GV usage

CO3 perev production: CO2 emissions per EV production

CO3 4y yse: CO2 emissions per EV usage

Prof L Selling profit of GV per unit

® S-GV

S-GV OERREETALEIM-GVOLDERILE L, K (5-5) 2253 (5-
10) PEEREETFANTERL IR TS, £/, 72— 2 EOLFEIF
b M-GVDHDERICICHKEL. ZOEEFEIL Table.5-1 @ (1-2) @
MAAERICRE % KT

BCS

BCS OB ERIE €T VTld[BCS BIEME S | oL# 2 a3 5. 2 2T,
BCS ol fr & 1, RoAFh 2R BCS Ukt L C oL %K 3. BCS
DHEFEIL BCS DA Z M X 55, M-EV % S-EV O [ % et X ¢ C
COHEHEZ WA X2 2 BINTH 5. K7y — AR X T 4 TIIIEES D BCS D
URFEMif% %2 0 & LCRHE L, SLEZE O BCS DK T 22 H D
ELTHEL. TOBEBYEIT Table. 5-1 © (1I-1) OMHAERAICHEL K

-111-



I3, BCSBUEMEIG % & B F Rues, 1EIRTE 2BUBEDHEIIA % Rocs min< Rbes
<Rbes-marl FXE LTz, KT —AAZXT 4 TlE, Rbesmn=1, Rbes mar=1.1 &
E L7z, BCS LB B EEIRETHOND COzpes i & Profit pes i IZPAT
DFtEATERINS.

COZ bes—i — COZ CoLSys + Vbcs_production_pre * (Rbcs - 1)
*{COy perpes — Ratepes x (LCAg, — LCA,,)}

Profitbcs—i = Vgv—production_pre * (Pbcs_sale - Rbcs * Cbcs) (5-12)

(5-11)

where

Vies proauction_pre: Predicted production volume of BCS
CO; perves: CO2 emissions per BCS production
Ratey,.s: Number of required BCS per EV

LCA,,, LCA.,: LCA value of vehicle types

gv’
Pycs sate: Selling price per BCS

Cpcs: Production cost per BCS

® HB

HB OEBREET VCld TEAHBEIC X 2EE] oZHHmE &
5. NI M-EV B XU S-EV AERMLING Z & THB OFREHFAGL X
h2EG%2KT. RELXE EF 22 &C, HB OIRFETHE LN 2 FE I
T35, CO, i EDOEAIC D423 %. HB O FHIAABIEEHICHNIT 2 2 &
THEREROEEREMPET I NS, ZOEEBREX Table. 5-1 © (IV)
DA E 2 Y. BEREBHIC X2 MEKEL R & B E, FEINT
X 2 BUEDHIPH % Rab min<Rab<Rib-maxrk 8%E LTz, Ror—AR X T 4 T,
Ribmin= 0, Rhb mar=01 LEEL7/-. HB KH T3 EBRETH LN
COzy, i & Profit p,  \ZLAT OFIHEA TR EINS.

COy np—i = CO3 coLsys t Vap production pre * (1 — Rup) * CO3 np proauction (5-13)
Profitpes—i = Vgv—proauction pre * (1 = Rpp) * PTofitperpcs (5-14)
where
Vib_production_pre: Predicted production volume of HB
CO3 np_production- CO2 emissions per HB production

Profit perpcs: Selling profit per HB

® PV
PV ORBIEET AT [PV HESG] ORBPRE I NG, Thig,
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BCS t[Ftkic, FuiAEhz Pv BLEHICH L COMERIAGZERT. PV O
FEIXZ RS2 M E o0, RECHHINIE N %) —vikse s
LT COHEBZHIRE ¢ 3. K7 — 22X &2 F 4 TIIHEES D PV D IR
a0 L LTEHEL, ZETOHMN BCS I ZETFE #2320 LT
FHE L. ZOEEREIL Table. 5-1 @ (11-2) OHAERICHEL KIET.
PV DIFEEIE % Ry & B X, IEIRT & 2 HUEDEIFH % Rpv min<Rpv<Rpv-max
ETb. Ky —RAZT 4TI, Rovmin=1, Rpvmar=11 LKELT=. PV
BT BREERETHNOND COzpy i & Profit p AT DEHRATER T 1
3.

COy py—i = CO; corsys + Vpu production_pre * (va - 1) * LCA 4, (5-15)
Profityy,—; = Vpy—proauction_pre * (Pno — Rup * Cpp ) (5-16)

where
Vp
LCA,,: LCA value of PV

v_production_pre: Predicted production volume of PV

P 1y sate: Selling profit per PV

C,,: Production cost per PV

PLED X9 et REE O BMBIREE TV EEL 28, FHEOETLE (coss,
Isy) ZHREL T (4-3). KT —RZXF 4 TRABLG OB BREE ZHAN IR
FHEEREMEOEEEZHELSEZL TV EIREL, lcowss: Iss=1:1 LHET . %
B2, coBEEFICOVWTIEFYIal—vaviFItoEHELLbs,

Step.5 ¥ Ial—v = vHET
o THiZeft:

WM & LT, AH 370,000 A0 HADH M Z4H5E L, 2021 42> 5 2050
FFTO 30 FEEYI2L—aviiiilédt s, vIiar—va vHIE
WL CHEHES LCREABEIH O BHTFET -ETHdL L, h—v =T
Yy 77— ZARER LB EIIEH I N2 BBHEOBEEIT—E & &
5. 22Ty ialb—yavyliRED M-GV & M-EV O{F & HUL SCHk
[A1ZHICEKEL. 72, v Ial—v a VHIHHRAECIZ S-EV I3 L <
BLF, BTSGV Lo THEIFRELHLNL TS ERELE. S-GV Off
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Ratio of new vehicles sales by vehicle type

Ratio of new vehicles sales by vehicle type

HEBUISTEM4[13]2 &I L 7-.

¥ 72, M-GV & M-EV OHTEIRFEEIAHERS 1 Fig. 59 IR T X ICHEL
72[14]. S-GV & S-EV OHTHIGEEIGHERL T Fig. 5-10 ISR T X 5 ICEEL
7=,
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Fig. 5-9 Ratio of new vehicle sales by vehicle types (EV and GV)
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Fig. 5-10 Ratio of new vehicle sales by vehicle types (SEV and SGV)
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HEEHE O SR RICBE S 2 87 X — 2l %R~ 2. {#AFI R DT
Fe B ABUL E 2@ A BN o BRI R AN ORIETH 5 1.3 NITEX
L, 7= =7V v 7o FEgEs AR B AR & [ CBE7 & RE L
7=. EAFTHE B O ERETHRHA 6,500km & 3 5[5]. I—> =TV v
HRRET2MEAEELZ 5 ReRET 2. ZOFKEICEY, h—v =7
Y v ZHITAEMIRK 32,500km ZETT S Licz Y, b EoETIRAE
DBRAELEGEE, W=7 ) v 7HOBBEEZHEMEE, 168H7-0D
BEAZERI 3. 20L&, A—v =T v VHOBEIIEEYE Lk
MLTHWL EFEZLN, BMEEINI BRI S BT 2EEIND LIET
%.

Ky —RARAXT 4 CIRELKBABES X OEESH B o6 B i xﬁ
% CO HEHBIFHALIIEARIRDFE I v 7 ZITKEE L, FfEfE &
ftF2do LT, KEI v 7 2AOZLIISCHR[15]% FiC %%L %%

7D FER CO, PR R T AL X 3CH[16]%, TMR JEHALIE SCRR[17]%
W3, Fig 5-11 ICHKE I v 7 AR 2R,

2020 2025 2030 2035 2040 2045 2050
Year
mNucler ®Coal BLNG B0il BHydro OSolar BWind B Geothermal BBiomass

Fig. 5-11 Trends of electricity generation mix [15]

FEAX Y FIFADA L 728 Y, B HBHES X OEEKHBHE O KR
CHEBRZ T, Ryr—22 27 4T}, BAHABHE - REXHEH 4 A1
D%, | BORBAX YV FRRHEINT VB D2 ET 3[8]). KIieHEEM
BLOKGNFE S 2T LD AT D TIESCHR[18]D & Tl % F v T
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3.
BELT A TH A 7 NVOERREETALTIZ62HIC I EOMHE cEEBHR
ERTbN, BT 355 2 — X HOBEIERTONS LT 5.

Al F U A

FHiis F VAR = 2T ) v I — e 2D, A HE L fE HED
NI VA, REOEBRERMED 3 JHHZHIC, Table. 5-2 IR T L HIC
E L7, DEOEBRERHEICONWTITS-EV & FEEAFHLMHFA LIB O
7a— ) 2— ZATER I N T3 M-EV & S-GV D H kg Hit % 25
LTWw3 (S56). AKETIX CoLSys &fAD CO, HiiE, S-EV OFIZEHERS,
EHFEALIB D7 v —o L) 2 —2XRPZ2EKEF IV Aolie L, ¥ F I 4

Lichkwy s, vaT ) vy R eEHicHT A EEY
ER LB~ A AV bR~ T Y T A7 -l 2 258 % R, 7z,
fElp Hif s L V2 HIEOBEEE SRR 20 F VA2 80 5 2 LT, Sk
TVUAY—DMEET DY AT LB 2N R E L FEfisalRecH 5 Z &
ZINT.
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® L Ial—vaviEiR

¥, S1 ¢ S2 o HmORGAEER% Fig. 5-12 IR T, S1IEBAU v U+
THY, TOEZLNEHEE R DL F ) A i > TR AER S X L2k
BRI T, BEE&EICO VLTI~ Y X v P23 Thbi S2
TIZSI &KL T, M-EV B3 XU S-EV O 28R F 0, HEEH O B2
MR L7722 &EPFERTE S, —JT, BCS ORFAFERIFALTEY, it
YT ) VI - RERICK 5T M-EV BX U S-EV O KBRERA S1 L
BLTHMP L2729 TH 5. Fig.5-131C S1 & S2 ToOHBH Y KB DR 2R
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Fig. 5-16 Amount of monthly reused battery in S1
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Fig. 5-18 Amount of monthly reused battery in S3
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Fig. 5-20 Amount of monthly reused battery in S5
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Fig. 5-21 Amount of monthly reused battery in S6
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Fig. 6-1 Overview of use situation of proposed LCS method
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Fig. 6-2 How to use the proposed method in life cycle management
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® 3
Table. A-1 Raw material intensity of GV and EV [kg/Unit]
Gasoline vehicle (GV) |Electric vehicle (EV)
[kg/Unit] [kg/Unit]
Li 0 6.74
Mg 0.2 0.2
Al 59.9 77.3
Mn 10.9 29.3
Fe 889 910
Co 0 18.4
Ni 0 18.4
Cu 20.8 86.4
Zn 100 0.1
Nd 0 0.497
Pt 0.00154 0
Pb 0.3 0.31
Table. A-2 Environmental load of GV and EV
CO, emissions TMR
[kg-CO,] [t-TMR]
GV EV GV EV
Material
manufacturing 2101 3,598 18 70
Components
manuF:‘acturing 3%8.8 2815 ] ]
Products
manunfacturing 514.8 609.3 ) )
1.381x10™ |5.733x107 | 1.0x10* | 2.0x10*
(in 2015) | (in 2015) | (in 2015) | (in 2015)
Usage per km
1.381x10™ [4.111x107 | 1.0x10* | 1.6x10*
(in 2030) | (in 2030) | (in 2030) | (in 2030)
Disposal -752.6 -1,294 -9 -33
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Table. A-3 Lifetime setting of GV and EV

GV  |EV(Body) | EV(LIB)
Type of probability destribution Triangular distribution
Minimum value [km] 0 0 80,000
Mode value [km] 100,000 | 100,000 | 100,000
Maximum value [km] 200,000 200,000 120,000

Table. A-4 Parameters and their values of car- and ride-sharing model

Parameter Value
Average number of people per privately owned vehicle 1.3
Average monthly mileage per privately owned vehicle [km] 833
Average number of people per car-sharing vehicle 1.3
Maximum utilization rate of car-sharing vehicles 5
Average number of people per ride-sharing vehicle 2
Maximum utilization rate of ride-sharing vehicles 4
Rate of effective mileage during ride-sharing 0.5
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Table. A-5 Raw material intensity of GV [kg/Unit]

Body Tyre Engine | Small battery
B 0.0108 - - -
0.799 - - -
Mg 3.23 - - -
Al 15 - 142 -
Si 1 - - -
P 0.276 - - -
S 0.546 - - -
Ti 0.659 - - -
\% - - 0.193 -
Cr 19.4 - 9.19 -
Mn 4.63 - 7.54 -
Fe 623 - - -
Co - - 0.0016 -
Ni 0.58 - 3.55 -
Cu 12.4 - 0.6 -
Zn 0.058 - - -
Sr 0.0147 - - -
Y 0.0013 - - -
Zr 0.0367 - - -
Nb 0.165 - - -
Mo - - 0.731 -
Rh 0.0004 - - -
Pd 0.0015 - - -
Sn 0.0214 - - -
W - - 0.128 -
Ir 0.00002 - - -
Pt 0.0011 - - -

Pb 0.2 - 0.1 6.6
La 0.0032 - - -

Resin 84.1 68.5 1.2 1.8
Other 76.4 - - -
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Table. A-6 Raw material intensity of S-GV [kg/Unit]

Body Tyre Engine Small battery
B 0.00898 - - -
C 0.665 - - -
Mg 2.69 - - -
Al 1.25 - 118 -
Si 0.833 - - -
P 0.229 - - -
S 0.454 - - -
Ti 0.548 - - -
Vv - - 0.16 -
Cr 16.2 - 7.64 -
Mn 3.85 - 6.27 -
Fe 519 - - -
Co - - 0.00133 -
Ni 0.482 - 2.95 -
Cu 10.3 - 0.499 -
Zn 0.0482 - - -
Sr 0.0122 - - -
Y 0.00108 - - -
Zr 0.0305 - - -
Nb 0.137 - - -
Mo - - 0.608 -
Rh 0.000333 - - -
Pd 0.00125 - - -
Sn 0.0178 - - -
W - - 0.106 -
Ir 0.0000166 - - -
Pt 0.000915 - - -
Pb 0.166 - 0.0832 6.6
La 0.00266 - - -
Resin 70 68.5 5.99 1.8
Other 63.6 - - -
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Table. A-7 Raw material intensity of EV [kg/Unit]

Body Tyre LIB Motor

Li - - 6.29 -
B - - - 0.143

0.799 - - -
o) - - 28,5 -
F - - 1.88 -
Mg 0.0153 - - -
Al 115 - 33.1 21.4
Si 1 - - -
P 0.276 - 0.51 -
S 0.227 - - -
Cr 194 - - -
Mn 4.63 - 0.104 -
Fe 631 - 4.9 85.2
Co - - 0.834 -
Ni 0.58 - 53.4 -
Cu 28 - 30.6 31.1
Zn 0.058 - - -
Ga - - - 0.0017
Mo 0.083 - - -
Sn 0.0214 - - -
Nd - - - 0.334
Dy - - - 0.0783
Resin 84.3 68.5 116 4.26
Other 76.4 - 15.9 -
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Table. A-8 Raw material intensity of S-EV [kg/Unit]

Body Tyre LIB Motor

Li - - 3.73 -
B - - - 0.105

0.588 - - -
0 - - 16.9 -
F - - 1.11 -
Mg 0.0113 - - -
Al 8.46 - 19.6 15.8
Si 0.736 - - -
P 0.203 - 0.302 -
S 0.167 - - -
Cr 143 - - -
Mn 3.41 - 0.0617 -
Fe 464 - 291 62.6
Co - - 0.495 -
Ni 0.426 - 317 -
Cu 20.6 - 18.2 22.9
Zn 0.0426 - - -
Ga - - - 0.00125
Mo 0.061 - - -
Sn 0.0157 - - -
Nd - - - 0.246
Dy - - - 0.0576
Resin 62 68.5 68.7 3.13
Other 56.2 - 9.45 -
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Table. A-9 Raw material intensity of HV [kg/Unit]

Body Tyre Engine | Small battery LIB Motor
Li - - - - 3.93 -
B - - - - - 0.0143
0.799 - - - - -
@) - - - - 17.8 -
F - - - - 1.17 -
Mg 0.0153 - - - - -
Al 1.5 - 142 - 23.1 134
Si 1 - - - - -
P 0.276 - - - 0.319 -
Si 0.227 - - - - -
\% - - 0.193 - - -
Cr 194 - 9.19 - - -
Mn 4.63 - 7.54 - 0.104 -
Fe 608 - - 3.06 53.3
Co - - 0.0016 - 0.834 -
Ni 0.58 - 3.55 - 33.4 -
Cu 12.4 - 0.6 - 19.1 194
Zn 0.058 - - - - -
Ga - - - - - 0.0017
Mo - - 0.731 - - -
Rh - - - - - -
Pd 0.0214 - - - - -
Sn - - 0.128 - - -
Ir - - 0.1 6.6 - -
Pt - - - - - 0.334
Pb - - - - - 0.0783
La 82.1 68.5 7.2 1.8 62.3 2.66
Other 76.4 - - - 9.45 -
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Table. A-10 Raw material intensity of HB [kg/Unit]

LIB Other components
Li 1.12 -
O 5.07 -
F 0.334 -
Al 5.89 0.9
P 0.091 -
Mn 0.019 -
Fe 0.872 89.9
Co 0.148 -
Ni 9.51 -
Cu 5.45 -
Resin 20.6 -
Other 2.83 -

Table. A-11 Raw material intensity of BCS [kg/Unit]

LIB Other components
Li 1.12 -
O 5.07 -
F 0.334 -
Al 5.89 0.9
P 0.091 -
Mn 0.019 -
Fe 0.872 89.9
Co 0.148 -
Ni 9.51 -
Cu 5.45 -
Resin 20.6 -
Other 2.83 -
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Table. A-12 Raw material intensity of PV [kg/Unit]

Table. A-13 CO; emissions of targeted products [kgCO,/Unit]

Panels | Other components
Al - 50.5
Mn - 1.03
Fe - 161
Cu - 3.65
Sn 0.52 -
Si 302 -

GV HV EV BCS HB PV S-GV S-EV
Material
. 3,405 3,851 6,005 2,955 4,146
manufacturing
Components
. 531.4 987.8 2395 | 686.0 | 6159 | 4444 468.1 | 1581.9
manufacturing
Products
. 594.0 654.0 655.0 494.1 481.6
manufacturing
Usage per km
. 0.1138 | 0.07898 | 0.06065 - - - 0.1138 | 0.06065
in 2020
Disposal -660.2 | -822.3 -1428 | -54.97 | -72.00 | -575.0 | -548.7 | -916.4
Table. A-14 TMR of targeted products [t-TMR/Unit]
GV HV EV BCS HB PV S-GV S-EV
Material
. 27.1 42.7 104 13.8 | 7.4224 15.3 15.3 67.6
manufacturing
Usage per km
. 8.89 6.17 20.9 - - - 8.89 20.9
in 2020
Disposal -10.1 -19.8 -48.3 -391| -256| -2.22 -8.40 -31.2
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Table. A-15 Lifetime setting of targeted vehicles and average monthly mileage per privately

owned vehicle

GV HV EV(Body) | EV(LIB)
Type of probability destribution Triangular distribution
Minimum value [km] 0 0 0 80,000
Mode value [km] 85,000 85,000 85,000 100,000
Maximum value [km] 200,000 | 200,000 | 200,000 | 120,000
A\_/erage monthly m|_Ieage per 541.5 (Constant value)
privately owned vehicle [km / month]
Table. A-16 Lifetime setting of BCS, HB, and PV
BCS HB PV

Type of probability destribution Triangular distribution

Minimum value [year] 4 6 16

Mode value [year] 6 10 20

Maximum value [year] 8 14 24

Table. A-17 Parameters and their values related to profit calculation

GV | HV | EV [ BCS |HB| PV |S-GV | S-EV
Total manufacturing cost [10°yen] | 1,177 | 1,983 | 3,044 | 920 | 500 | 1,100 | 1,049 | 2,036
Sales price [10% yen] 1,765| 2975| 4567 | 1,150 | 625 | 1,374 | 1572 | 3,054
Car-sharing fee [10° yen / km] 0.02| - 0.02| - - - - 0.02
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