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SUMMARY OF MASTER’S DISSERTATION

Student
Identification 80833414 Name Tomomi Nonaka
Number
Title
The Carbon Taxation Using LCA for Clean Energy Vehicles
Abstract

The paper proposes a carbon taxation scheme using LCA, which can provide consumers with
an incentive to choose vehicles with lower CO2 emissions. This taxation scheme evaluates two
major measures: life cycle CO2 emissions, and life cycle cost, considered not only in the utilisation
phase, but also in the manufacturing and maintenance phases. The author figures out the tax rate
15.03[yen/kg-CO2], which makes the hybrid electric vehicle’s life cycle cost less than that of
conventional gasoline vehicles.
The following are the findings:

® Carbon taxation of the utilisation phase only is likely to dramatically reduce the total tax
revenue of the government, since CEVs emit little CO2 emissions at the time of utilisation.

® Specific rates can make CEVs’ LCC less than that of GVs. The HEVs’ rate is
15.03[yen/kg-CO2], which may provide an incentive for consumers to choose low emission
CEVs, and this incentive is actual and realistic rate less than the rates of mineral oil tax in
Holland and European tax rates.

® The rate can make EVs’ LCC less than that of GVs is 152.2[yen/kg-CO2], which is not actual
and realistic rate compared with other existing taxes. However initial cost of EVs will become
lower in 2050 considering the scenario of the battery price, and LCC of EVs’ will be less than
that of GVs with the tax rate of 15.03[yen/kg-CO?2].

® The LCC of EVs becomes more effective with longer driving distances or a long life-time,
with this taxation. When the lifetime distances is short at certain level, the LCC of GVs are
better than that of CEVs because of high CO2 emission level in the manufacturing phase. In
addition, it is expected to promote the utilisation of longer times. The proposed tax system
enables consumers themselves to choose the best option of CEVs, depending on their specific

needs such as lifetime driving distance and lifetime use.

Keywords : Clean Energy Vehicle, Carbon Tax, LCCO2, LCC, Environmentally Friendly Products
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Table 1.1
Ranking of New Vehicle’s Sales on 2009 in Japan

WA A—T1—% EE
1 7Y A NEE 208,876
2 7 4 v bk N 157,324
3 4 L3 117,655
4 Ry e 98,883
5 A YA b N 93,283
6 A= =R 90,178
7 7Y—FK AN 79,525
8 LT H P 78,836
9 o — e 71,426
10 J—k H 65,745

Originally from: [5]

90 41 25% D HIE A BHET 2 & A e TR L[2], BIEBORSORR 20k L T 5.

ZOPT, FFIZEEPENLTWDRBEOOE DI, BEXEEHE (EV) A7
J v R# (HEV) ZIXU® &9 % Clean Energy Vehicle (CEV) *23%%. AIFICARAIX
RBE TR Z VIR K KRBT Z D D, JEHEEIA O K& @i okEc
HEENEETH->TWD. CEV OFEMBERITET T L, ®ittfkd CEV OFR— |
7 =V A ZODITHER L TV Dy, BRx AR ERES DRER S 4TV D [3][4].

HARTIE, 2009 4 ha3 X DRETHNA 7V RE, “TUR” BiEbIRTEED
LW L 7p 572, Tablel.1 12, 2009 4E D7 Z > RBIIRGEEET % v 7 &9 [5]. 1L
DTV TAZINZ, 3PAT SR ERFEET D Ao A 8 (A7 Uy RE) BT
YA LTINS,

12009 4F 12 A 22 A OEESEETY I v ~ ORISR TS 2N B LR LT
29tk H VY L (GV) IR LT, KEBE (EV) , 7Y v R (HEV) , 7T 74 A
7 U v R# (PHEV) , BREMEME (FCV) X %FET
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S
()

Fig.1.2 ENEFB] CO2 HERHHEDHERE (2008 48 B EHAE)

(B ENCRBEMFTEAITRS IR AT AL R NV AT 4 AT = 7 ~_X—[22])

2008 4EHEOFMRAEIC L B &, EEWERIE 5 O CO2 BIHEHEH BT 2D 19.4%% 56
4. FOHHLEOBRNEBEE SO TH Y, 2o, $0E, AMnE KX SIXEEL
TWD Z &b 5[22][23].

EIRRALRICENT, WHNCHBIEOKRAMEPEZLTH D0, HFFTE 2R OMH

NLANKEVDNEERTE 5.
72, Figl2 [T EREH 60 CO2 PR EH#ER (L - ENAR BT FEATE 2 2)
BAAAL RNV F T AT 2T _=V[22]) &V, PBEHEIZZ Z 10 Fi2BWTix

*EBPRITZ ORI B BB S s COR BRI, MBBEHITREA OB 3 DYk R 41
Y YT kg R
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BAMERTIXH D OO, FAGEEEOAEF 1990 44 & Hlg 325 &, 1990 42723 217[Mt
CO2], 2008 4E3HHAE 236[Mt CO2] & # 1.09 FFITHIM L TV B Z &b D

1.2.4 BENERRIZKTIEREAE Y a v

AT, BEIEOZ U — Az L W EBLTX 5 CO2 HEHEHIBZNE D K& S ik~
2. WIT, BEENREXL-ABESED 7 ) —ALci+ 5 62 a vicfith, HALE
BRI TV DR R ST U >N Tih 5.
2009 4 8 ABREEEIL, G8 7747 - I v haxlF, NHEELET A 2050 4 80%
HIRDT- 0 Y a L CONWT ) 25K L. AARNEFIZEBRT TIRREES 2L,
BREERAN CEBES A MR T 5 L & big, LiEEE L THIERSEROMEICET 2 R 12T
728, HARDOFERBAESOXE - EROH D HIio\T, EREETOREmEED TS
L, EVaryORT, ROA BDO2ODYF I AERLTWVWD[S].
® U A TRWEHE - Bl
> FMEM: - ZhERMEDIEBERNLELEH~AD - EROEFNERT S
» —AH72V D GDP iz 2%/4F, AHA 9500 5N %fBiE

® VU4 B IHusER - AREM
> WEVDHDHEEERD THLNLHIG~DAND « BRO/3HUE
> —AHTY D GDPEEREHR 1%, AA HEAZEE

ZOHT, HENE « ZZ@ICET D BARRSEIRNE RO L O IR S TV S [8].

o FEHAMEA

A BEKEEIH 100%

B : EXHENE 50%, A 7Y v RNE 50%
o MW HAEMK

A FREHE W E 80%, A H BN E 20%
o SRMHORE (2000 £FFLL)

3% ATy MUK 2R b 5T
o HEEWHEOME (2000 4 )
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1.3 %

o BKIE, FBAA, MIZET X —2h% (2000 4FLL)
FNEN2RE, 1345, 1.56%

o HEHH, MAAE, MIZEHOIREHNT H 6 531 A BREHE R
ZNZEI 100%, 50%, 50%

INOEFEBRTHERBERFIEL LT, RIRBREMOZE « L DT=D DAL D
O ol TR BB EOE A - RBMRED =D OMBI4E, BillFE) & EEDR
b, ZEREHOST) , ERELERFCEHNTEMAAE LT 1CO2 FH~DffitgfH 1T
DT TBRESZG0RH D7 Y — Ak - Bifilic CO2 BEHHERIZIN U72E 2 T A8 A
DRI TN B8],

AKE¥a iV, EV HEV ZIZLoeE 57— O—E—7 LD K7 {E
ETDBORMNEBATHEE SN L S L LTWND Z EDRHEGETE 5.

1.3 #FEEM

AETIE, AWEOHBEER RS, RIS L 2 ORIz SN TR, AR
HHLMEOFHER B s T 5. Ao B HE
o HFBELEBHICENT, 7 U —rTFU— s L ORI E R O B A T A
EBRLUTCIRFBRFZ1TH 2 &
Thbd. DD, RO LZITH.

® T AT7H A7 NaXNEREHOMMBEICETRY A, 7 —rxofo—v—
TIWERIROA 2T 4T 72D XORET D

® JCRfEMNICHIFES N Tz, BXHABH (EV) , "7V v F#E (HEV) , 7
FZITA AT Yy RE (PHEV) KOH Y U U (GV) OTA T7HA 704
RPN TF—=% (LC1 7 —%) #WEL, FA4 7% 47/ CO2 HEiH&
(LCCO2) LT A 7HA 7 )ax k2 O0oDBLENGLHREINCTHET 5
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£, 1311 #iT, REBOREEEFEORREERICH T 2NN D, BREE
BLRE RS A K SE D7 OIziE, HEFEOITENCER T BRI NETH L Z &, HE
T ORGERIEERIL, EETEABET SR FITIERVIZWE WS BEERFE LY, %
KR EHC IV RET 5 2 L 0ERE B S.

KIZ 1.3.1.2 §iT, Tk ToOHBEEEBH & BRSNS, RO T Y U
HO(GV) ([2BWTIE, BEAMLI A ORI EITEEN B, B8 HREBLH o
GCIXEATEREICORIZEHE SN TN &, 72— U—E— 7 AERITBNT
ITRLER O EEMENE T Z L, S5, I E THUEERMICHE B LIoFsep) R s =
&R, AT OFHNEE A S NNCT 5.

1.3.1.3 8Tk, HEYH LCA OEEEMFIEIC OV TR 5. HENH LCA AFZE 28 L,
FNHO@EBIDA X MY F—H % LCCO2, KONTA T7H A7 ax sOBENE
FE BRI U7 i 2k~ %

1.3.1 BEFEDFIE & R
1.3.1.1 REBUR EHEE OREEH

BRI CIE, AEFIC LD TRHE R/ ERE ) 7207 T, WHREDN [Fitrie/eii% )
ZELD ANTE N KL 7o o T TR ATREZR IR 122D 2 E BRI L 355 2 I8
—MKHNC 72 D Db 5. [RifirlaEZRTEEY) 1L UNEP (EEEREE 7' n /7 4) [24]TH
XESNTEY, HEEORERETHNA KDL TND.

THEE ICBRBICEUE LR OB AR Hik & LT, AR CH — e R (2B
TOEMERMUET DB T LV OBRFDNEH I TS, LL, 7— R/ L—UR
H—hr Ty TV b, ZaFouLpEERERIC LD ke R RFIENRE S
NTEY, HEE~OZNY T IRANSITONT—EOFHlILR S TR,

SR 1T~ A Ny ZTEER YV — LB X, [HEE OB MR DS, v ANy T
I T, O BIRERS/NEE TLUROFEEMEE E L T\ D. Ty v a LD
BT TV RPBR ANy IRRGEIND R ED ML REFEY, 7% EiFTnd
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J—VERXG, REHEERE T 7y v a ER, NEERICLLI T rE—Va R, R
EREAES L THETA L TESaR A ONETEND, 5% OAL%T
WY ANOND K9 Ro7z, FERIS, FHEENOE = Mbb H 2 OEXEHEITER L
THIFIREZHG LD, =a LHMmENOL ORETEMINTND

IR« BB BOR TIT KRG/ SR VR E ~DORB AR, —ah—Eki, —aRA
YR ERD D, HEE A MIEMT DEBORA  PRIZKD, ~"A Ty RHER
BT X ZBOIRTEEDPREEIH RTINS,

BRI R ICB T B BATHFE TIE, BREET VI 2 HBFE OIS LT, ==
V=7 ) KT DIHEE O LM OFEMIEN B H[25]. BEIZ 2004 FE DA T,
Taw— 7X@ EEEEEES L TRY, REREMLZIEE T OHEEITEE
RELTWS AT Y /ME@EnE LTS, LhL, TORT v /LR ERIICER
FREATENC DR D0 E 9 T E K IV THR0.

FrIAryay 7 ETOREREMMOIRTE « HEIEEIR X OBREFRICET 2
BE DR LRI ONTT U — ML DREMENH H[26]. HEED 3 Flix4
T4 v ECREmARE L CHETEHZITWIENEEZTOWDDICK LT, EBRICERE
PASHEANIC DR RS Te DR DT 1% & B EATENZ X ¥ v TDRFEET D2 L 2 D0
2L, HREROOESE LTAH Y T A v ETOREMOBREREROFRMIROIE S 2454
LTWn5%.

—J7, F OB OS5 B CEREERLE I TE & F OHER T & OEREE T T &
LT Figl3 MERENTWAH27]. KBTIV, THIE TOEERED 1t 2% J i
BOER L, BEREMIITEIEROERE TO 2L L, T8 L BERT & DK
HEET L E LTELTWS, S5, 3 oORERMIBEZEX XY 2TH, 17
HEMOEEOBER T LT VI NEFTELTWDS [27]. 1HEE O BRI R21TEVE
B BB U CIIFZE R A TV DB CTH D &V 2 5.
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BEEIC LT OEM

i) 2 SEEEN

EARBROFEA 4 BB vELED HEER

LA T EE A

RAREC R {TE OFF

=47 B AT

Rk - ¥ AT E . REBREMNLTHER

R FE

Fig.1.3 RIFEEITE) & RER & DEREREET L« JRIH (1994) [27]

1.3.1.2 B B) B AR

HAROBATO B B HEEBLHN T O MR & L ToRE & B ZFF ORI X o THERK
ENTWS. Bl ITHBREERIT, EEOMER L% BIICERNZERBUA R
HHBIBTHDHDITK L, HEVEERSBUIEIRBLE U CRUNGER Z B &3 2 RIHE 3K
EAAN

9, HEVEREBIOREL 2RI 5. BARICET 2 AEHEERHERIL, # 1 KEK
Hefi ARG 2 BAA L7z 1954 4E B8\ E RS E TR E DA SNT7= 2 L ITHAE 5.
AR, $EBOHER R EORIEE R YIRS T&E 7z,

B AR EMERI L, BN ZEREHOMIEE L TRY T 258iH & L TR S TLL
B, EREEEAR A D DR OR TREREE A M o7, L L, BiEpitER, 5
(B gk LW IES OIF S0 |1, BB FRE MRS IR & R 20 2 T D & Eik
ENTWAII].
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Table.1.2 (ZHATD H B BEBEHRFE L2~ 7[28]. BAEA B — I LT, BUGEE,
A BRE, EATERET 9 FBEOBMDPEHINTWND Z ENHRTE S, ARIE, Fo
BLEHZ ST LA, H - HBFBLORI, BB XOBFHEZRL TN 5.

BB CIL, BBVHEEASRL E BB SN D, BB EESRIE, B, PbE
(23030 BT REARF O BUSiliA% 2 A ICRBLS L, S BICBEEERBERN Lo TnD.

AP, BEHEER, BEHH, BATHFHO IFEOB CHEKkEND. BE
HERPIL, 4RO LB BEIEORE RIS U TRAENFHE S, HMREE D &R
END. BUSBIRRRE EBEN LT\ s, HEERIT, B4 4 1 BICEHE TN
End. BABHEOLAL, bV ICERABERARRIND.

EATERSL 3 BEBED 5 Bl b 2\ SFEHOBICHR S LS. WERBLOfMIZ, VI >~
268 LTl S 40 2 I8 B M OV G FEZE R, i U Rl S 4L 2 8 5 | i,
LPG (T 2 AT AN S 5. ZiublE, BEOMKICE i, HEEIDL U TR
Blahs.
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Table 1.2 Automobile taxation in Japan (2009.4) [28]

I{RERRE
BB .
BEEEREH MR
L{& FEhEEICH DS | BEHEOW A
TRALAEZOEE | EREL3,
SRR ELTER
ahd,
E-#AH | HFFRS E-#HEH
BEsLY |(AamA) 5% (5. 108 2
BitR « MR IR 05 W)
(ERBELU
EER %)
- IS lES0m AT
g0t
i2i201883AN EETH
EElE
- R BB
ERESER BEE: L] E )
LA [E, 1l BEAAAREOHREECHLT BEIARREORSECHLT
20O (@) BERICHEUTRRENG, EETHREIND, THTRRLING,
E-#AH @B MR IRE TETHE
BRESLU BAxA) :ﬁﬁl(ﬁiﬁi] DEERHK (AFA)
Bl (DER!!I!{EID SHE) +eee+- 6,300/ 5 ~1000cc *++* 29,500/ /% | « BFE «-ceveeees 72005
@ rIvy (RERE) + 1001 ~15006z ==+ 34,500M /2 | + hF% wrerrernse 4,000/~
s 25T rerrerneraniann saunH/iF * 1501~2000cc ++++ 39,500 /% | @K%
251 F = 2001~2500cc *»=+ 45,000/ % | + -~ S0gg rorere 1,000,/ 5&
FAR (BERI1E) . = 2501~3000cc +=++ 51,0007 % | + 51~ 90cc +=+=++ 1,200 F
@ BEERH (FEHE) -+ -+~ -+ 4,400/ /% | - 3001~3500cc - +-+ 58,000 /% | « 91~125cg +++=er 1,600/, &
[0l "1 + 3501~4000cc *+++ 66,500/ 7% | +126—~250cc *+++++ 2,400/ 5F
+ 250cclB (EEE) vorevres 2,500/, | » 4001~4500cc + ==+ 76,5002 | +25icgmeerrevrvees 4,000/~
* 126~250cc »++++++ 6,300~ EHEF | - 4501~6000cc ++++ 88,000 F
2018 EARAE ETONERE * 8001cg~ crecees 111,000 /%
B FITER
HESE M MRS i | B Bl A HEE
L{& H AR T LPGICEEB: B (i
Fizha,
SR OMscSEh. Y RRICEUTRIETS,
E-#AE |E# HFFRR [ E-#HE
BMESLY | 48607 5.2M.7% ik LPG 17.5M. kg S ) fEHE 50
BifR 32.1[.72 (55, 13448 4 4Hi2
)
Bl owTHE
A5 | B E R Bk
{ERE R EhD,
20 EFINI B TR ERE
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D 9 FEOBLZMMT 2 &, MBlEN XA I 7RO R NEMEN S IC
EoTNDZ AR TE D, A UBRBHI )T 23R8 C bl 5 | Bl oD - 25 E T IR BT,
IXEHCTH S, BEVERAENER CH 2 — 5 CRAZFEBS TN CH 5 72 CH
B, HGBLORIHHELX THS.

FMBOZ A 07, HBEEERITEMRFEZLIC, AEEAIIEE4H LR
RABBOMB THLER > TS, IO HBFEERIL, =—VIcs > THEEETY
MO DSHWHAATH L Z ENRTRINS.

ERFFEHIEGIE L 0MEE IZEAH) & HBEEAHE] LL, R LTO
QR EMECEHENED 3 ARHITF LI TW5H[29]. —FH T, BLHDOZ Sf@0#
HEMEZR & THiFR ) OJFAID HREE VY & ORES DG H ST 5 [9].

HARD BB HEEERMIE, Tk TETERIEORESLRAT RV F — 2 LI BiE G
MENTE. WEkOT YU VHEICBONTE, ETEEOT 3L —RARSL CO2 HE
HENEERICRE <, BEIGEL BT ERICITEITERME OBRE AR I RO K5 %
HODHTZDTHD.

PREUCE A D & LT BLCHi BB BUR 72 & OB FC K DA T [50]-[52] 06173 &
2.

SCER[O11IE,  HEYEREHI 925 A B BLEVBHT X~ 2 IREBIEA DR R A2 B =2A0)E
— %€ 7 /L (Dynamic Computable General Equilibrium : DCGE) &7 /L% H\ CEUR
AL TV DL ARSI OEET K D ISR P R S P EIR B AR EERE (2010
FERE ST 90 FEEL D 17%HICHIHI35) 120% e =0.1 DA 11.0[ 5 FH1-CO2], ¢ =-03 D
St 114 HA-CO2IDRFERMB NI L 72 D LR LTS, HENVERREEE U D E1TB
ERRIC LT REBMIETH D .

SCHR[6111E, BEVERLEBREBORD > 77 o — R K 2B R & 7 — VB
il 2 G IS — BT 7 L 2 O TEGRFMEI L TWD. ZZ2 TRV EiFbsnTng
7 —UBNE, BEIEBIR OB RIS A SR L LTS, HENHER R OIEEIT,
TA T A T NVORAFERE L RA BRI SN D 7o, EITEME & BUGE S & MR A
B2t g & LT 5%, PRI IR E & BT D CO2 gEHED A TH Y, HidE
BePE DO BREE AR IZZ S AT 0,
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SCHR[69]1E, CEV O K ARG ERET LV THHR Y RAT 4 v 7 ET )V, HEFRI
EFTFTNELTarYaAf s both, BEOMRIETET VOFEMBRET V2HRE LT
CEV OB &KR T VU Ak D ERN G 2 538 k~D58% 54T L T\WabH. CO2 Hi
WO RAZFTML TWDN, ATV REETY U VHOLBEXGIZL TR TV Y
BREFHSR D CO2 HEH B DA 27l L TV D A ARBIZE L 1T R 5.

BUEMET ST D HARDBREEA OB ZS0BN OBREEBLUC I W T S, EfTEE O
AT RLF—R CO2 HEH Iz L CRfBi A T 2182 TH H[10][11].

Z DX D NEITEME OB ol B AT K D KR A e L= EH DAY, CEV
(2L o THHE LR HEEEFED CO2 HFHESS, CEV ZEIZRRLTA T A 7 va X
R ORICER L TREBILOA T 0 TR A IIZE U= T E .

1.3.1.3 BENED LCA ¥l

HEIHO LCA FHliiE, 2 < OBEEMRIZE > TIThilTnd. CO2 HEE A X8I
L7=HEH LCA OFMCTIE, FHMBEROT AT AR U FY (BER) L LTIA4 74
A 7 VB A, OB B ERLERRE, OREHLE - IHEERE, QFEITEM, OHERFER,
OBEFEEPEC T CRME SN D Z LA EW. FRIS, kDT Y U VEICBW CIRET TR
BEOBRBEAMPCZRINE—FANRTA TV A 7 NVORNYZ ED DT80, ZivE TORRE
i - JHE B R O@EATER 2 B LI il 2 < fThhv T E 7.

T 0 2 BPE LT 2 M AT, R - BUEBRE (1 IR L — D3 S UKL &
LTHHEINTHG, BEHEOZ V7 IZITREINDSET) 255 L35 TWell to Tank]
(WLT) Z3#r &, EITERE (RS NBEREITIEDND £T) 208 LT 5
[Tank to Wheel] (TtW) 347, TiubZ#ta L7z [Well to Wheel] (WtW) 234t & I
BB O = F L F— SR, TRLF—F 2 — U REFTHRNFFM I TN D,

AEATEEREREAT O B EhH LCA OREAFAISE TlX, JHFC 2/KFIREIEE O E S 4 B
WIZTHODEFETr Y= ME LT, BEEmEZT CEV OMAIHRR % /i
L TW5[30].
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WNEAEEI# (ICEV) , WEAEBI N 7V » RE#E (ICEHEV NiMH E#ifi#k) , EX
HEhE (EV) , BREHEME (FCV) , BREIEM N 7 U v RHE (FCHEV NiMH B4
#H) ERRIT, TR RALET Y — e SR WEW O A Tt T
5.

Well to Well 73#71%, BU/EHRLHTHFER SN TEY, EhboL LT, KEY
S XENCAFFERT 31104 TSGR L b 3 7 B8V OIS H H[32]. SCHER
BI]DOEMBRIZ L D L, 2000 FIKE MIT 226 EFEREL ST — K LA 2T 5
LCA %ﬁf*%[%pﬁ%ﬁ%éhf VIR ICAFZE M TN A X 912720, BURTIIKEK
OREHEMEOFHIX—EYV5ET L, KVBEMICZ OEREEZBET DLEDH DA
FIRERC, TIW MIOFAINEE /72 BV 7S 7 7 A4 A7 Y » RE (PHEV) (ZEAD
BATLooH5ELTN5.

—J, BEREEREOFMTIX, GV, EV (U F 7 AhA 4 EMER) , REFEH
# (FCEV : = 7 /LKFEEMIEH) 2RI LB T — Z IS WA B
SHTOFEBIH & H[35]. FCEV KON EV ORLGEEFED CO2 HEH&EIE, GV @ 2 5L Ed
%< 72, ZOJKE LT FCEV X, @EKFEZ 7 SBEHERIZHE D PR, EV XY
F U LA F o BMBEET L PRHERFHIZ W EFHEL TV 5.

BHORBEAMMBKEZ W EV IZBWTIE, B2y 7V —%2#H L= EV O
[36]°, &®BMEDbOORLE (BHAMFERE) (X DEFEAMKELD RO
Mrd¥M T T 5[37].

Fro, MxoBHBET 0 X7 FOr—AFHhES & LT, EFERERFESHT LA LITE
ZRWIZANA T Y » RO LY Kaz[38], & Elica[39]DFHEE M T TV 5.

HEV @ LCA IZ2WTIE, FEMIOELT — 2 BRAR SN TWRWe DA BIFIEIC X
LRI IE S, GV RUEREC K LT 1L 54010 1.2 541 s A STV 5.

ZDMDT A TV A T IVEEBEOFHE & L CIE, AL — g kT B [42]5,
AT F U AR G RMm[43]13 B 5. e, IHIIAEZED RS O BREEIE AR

—BR & LT, FHBEIHE A —F— LCAFEREEZ AT L T DH[44]-[47].

—F, TA TV A 73X NOWIETIE, 2 A N, REAMOMENLARA > b
b U LLiE Al U 72 F611[48]1°°, EV ORLEERE, A XL — g VEREOa X Maa L
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TeHp[42], EBRORGEHEMETHL 7Y U A (HEV) & Ar—7F (GV) &L
72 L 5[49].

ZDEINTKETA T A T NVERICBNT, 2L OWRBEN TS0, GV, HEV,
PHEV, EV ZxfGICBUEELRE, EITEM, AT AEBORREAMEIO X &
HEA BN F-AM L 7= 5l M.

KWRENE, 74 7% A4 70T CO2 PEHED DIV HEIE N ERF IR INS L, CEV
BEK L, (2R ORKRBILEZRET 270D RERFFTZ BN ET 5. CEV #IZ
Wip D74 7% 470 CO2 HEhE (LCCO2) KOYTA 7H A 7 vax |k (LCC) %457
Fri, #ROE2 MW REMRITOT L—L U —7 OMEIE FOMir 21T - 7=,

EATEE O TR EERED CO2 HEEZZETH2 LT, 74 7 A 72K
ZBiT5 CO2 HeHEAEIEICFHME L, ®EhO N —Z LV OREANEZ KM 2 RERR
RhA HIET.

BT, ABBHBEZEICES-TA vy T4 7 LTS L2 T4 747 vax b
(LCC) #%JE+5. LCC lZA =% VaRr |, Fr=vrax NIz, 27T
VAR RNLEETD.

RBBIHFHIIBNT, BUEEMEO CO2 it EAZZE T2 L, MNHEE A
TATBENDTATHIA TNV AR NEZET L5 EBRAHREORE CHL. ok, K
FRIT B ARICEBIT DREBZEET S,

1.4 AKX OERK

AWFGEIE, 1 ENOE 8 BT IND. & 1 3D Introduction, &5 2 F7S System
Engineering Approach, % 3 #/° Requirement Analysis, #5 4 &7 Problem Definition, #5 5
% 7% Conceptual Architecture, =5 6 ZE 7% Analysis, #5 7 7% Discussion, 5 8 3
Summery Toh 5.

% 1ETIE, OB RE BB, BEMRORE & ARIFEONE DT 2k, A5
OFFMEZA ST L. RO R BEEN D, AAROEBIBOR BB L, £
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O CARFFRN R G E T2 HBELRBO 7 ) — AL EEM L REBORFHIRI, KO
ZAVE T O B B) BB A T 5 .

W 2ETIE, ARSI T AL AT AT =T Y 7 e —FOmEN D, K
MFEDT7 L —ATU—7 il _%5, HEEOVF VAL, LCAA LR T—F =2
AT LOBRFT 7 L — LU= ETVEHEL, KRGIOFIEZE~D. TV Foh
2, BEOFHERIELZ D,  What-if 0072 L 0 AR Z1T 2 D BlEkGH 7 L— &
U—U&EFEBL TN,

F3ETIL, KRIFBRFHIBIT HERHT, B 4ETIIMEERZITY, F5ETK
AT LOa v FREMOEARRG 21T . B 6 HiX, &H 5 ExxiJ LCCO2
AR NYF—2 KR TA T A7 )Lax MNIET LT —ZEZINE L, #HEFtDO—
A L 725 LCCO2 73Hr & LCC ootfr, MOBROTY A %47 5.

%7 ETIE, #EOTF ) 06 What-if orz1Tvy, 7 —r o) v—be—7
R & IRFBBUBOR O RN 72 8B 558 & il 5.

HBIZHE 8T, AMFETHONTMAEZE LD L EBITHmER 5.
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% 2E System Engineering Approach

21 REBOIVATFALATYAL L

KETIE, AFEICBITEHV AT LA P=T Vo 77 7 —FIZONTRR5,
AWFZER xS & T DG, RV AT LATHFA OO EDE LTLESIT b,
a0 02 EZ A TS, Fig2l 1%, ARZRIHTLODV AT AT Tn—F %,
[System design for green sustainable manufacturing & /L[53]] % JCiZEH MERK L 721X

Thob.

AN, REBAT LT DIEDOHN 7 V=L =TTV THD. D
Befg Z LoD 7 L —A T =7 2R LT A, WAL, SO & xt8i%, KE
TENHE DRI R L TVND.

Macro Economical Forecasting
Global Warning, Energy shortage ﬁ

& Material exhaustion

T

Inter-Sectional Analysis Policy Design
Recycling system, Carbonfoot print ﬁ Law, Tax,
LCA Policy Management
Market Research Products & Service Design ﬁ
ConsumerBehavior PLM,LCE

\_ /

Fig.2.1 System Design for Carbon Taxation Model
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LTV AT AZBWTE, —E, EU X APEC O X 9 B0 EOEAR, BUF, 4
¥, ER, HEE, ER, TRV TMA R0 AT — 7 R/ 2 —ORIFERRRAZ
BEL TV D, o, BORITHSEBERICELTHZ L0, ZOREIIZH kST L
X5 ETHARV. BORT A UZhiz>TE, —HMROIT T, et 20m
THRZBE®RO 2EHO 0 nhd TR ATHEL D) AN &1To7 ET, &
METHZENKETHD.

Macro Economical Foresting |%, tt2Y AT L&k~ 7 il 7L —AThH5D. Hh
IR, = —itg, EHAE, RERRTHRALFRIZENZ ZI2dH
L. ABFEIZRBWTIE, CO2 HI HARESS, BEEMTIEIC & 0 fdERR, A0 T,
RRFRERNO PRI SN BB T NGB T — 2 2T 5.
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* Model Development
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Fig.2.2 Vee Model for Designing Carbon Taxation System
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% 3E Requirement Analysis
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Fig.3.1 Function of Carbon Taxation for Sustainable Low-Carbon Society
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Fig.3.2 Stakeholder and Social Requirements
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Fig.3.3 Stakeholders and CO2 Value Chain Analysis
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Fig.3.4 Stakeholders and Social Needs Value Chain Analysis
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Awareness Comprehension Conviction

Fig.3.5 Process of Selecting Environmentally Friendly Products
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® 4EF Problem Definition

41 1XC®IZ

RETIHE, KREPBHFHIBT HMEERLE LT,

(@ HUIGEREE LCCO2 DEEME  (4.2)

® EATEEH L OB D DEHE (4.3)

® (LtUT 4 TBOROKNE (4.4)

L ® TA4 7V A7 rax D&l  (4.5)

WZOWTIERD. ZbliE, KXFHOREELLa 7 N THDH. KT, 42 HikD
4.3 BiIAMZEDOF R BT 5.

4.2 BUEERE LCCO2 DEEM

CEVIITEkD ATV V) . (GV) & Hlg L TIRD 7 5 R & F50.

1 DX, 74 7% A4 7 VBERICBT 2 HEERO CO2 kHEFRGOHEMTHSH.
A7 Yy R (HEV) REXHEHE (EV) 22ED CEVIIERD GV & LT, EAT
Bep D= R L F —F AR CO2 PR &N L, T4 7 A 7 LV RIROREAR /)N
LB —HT, T4 7V A 7 NAEROFCRIEEMEOBREAN A SO 2 EEHE N
.

Nz T, EV X PHEV [ZHEBMEOPEH B EAA GV L0 & RIEICHMT 5. 2,
FMELECBRBE RN O RIEITB T GV LY bREAMBKREVWZ &, kWY, VU~
F0H CO2 PEHERBMORNVERZ =RV X—RE 35 2 L ITERET 5[28][31][54].
CEV 23+ 5 &, BLEERED CO2 I EOEEMIZ L VL T< 5. Figd1137"V
DAL TAD GV DK T A 7 A 7 VEREIZIEIT D LCCO2 DFEIG A HI L T\ 5.
F—Z2LTiX, 77U U A (HEV) £ GV XK 43%LCCO2 2372wy, LvL—J5T,

40



1.2

1.0

0.8

0.6

0.4

0.2

0.0

gasoline vehicle, prius
same weight class

% 4E Problem Definition

W scrap and recycle

B maintenance
utilizing

® manufacturing

B material production
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Fig.4.2 Comparison LCCO2 of Wash Machines [58]
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AERAHEEOWRIL, 3200 LTWA. EOsyIkiE, CEVHEEIEEE - H ke
T VAL D CEVEHZRE L TRINEZFHEAT S, A0k, @BiafHEE%Z LCCIZ
IE L, SBi% O LCC ZFHH T 5.

Tat ADEEKIE, PO NBIORT I CH D, FHMIEEIL, AR B L
AR L7, OEEEORBAEE, OMBi#%O LCC, O, @FMHEND D
CO2MRHEHED 4 DN 5. T b OFHlFREE W, T 1 L7z CEV #EERHE
AT 5.

AT LT R FERBLE L, B OFMRED SR 508, ROFHIEEZ 7 L —2Aa0 —
7L LTRADIETDHHRD, KILV—LU—TORETH 5.
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Select targeted CEVs

!

Evaluate LCCO2 Calculate LCCOz2 of CEVs

|

Evaluate LCC Calculate LCC of CEVs

!

Design the tax rate Design the tax ratewhich makes
according to LCCO2 the CEV’s LCC less than that of
i GVs

Evaluatethe tax rate
with somescenarios
and parameters

Fig.5.2 Designing Taxation Steps

5.3.2 &EHTFIE

WIZ, 7V —AU—7 %l FIEO K E 7z @t LT Fig.5.2 127

EFTH =7y FET D CEVAREINT S, AFTIE, EV, HEV, PHEV XU GV Z X%t
BE95. I, % CEV % LCCO2 & LCC2 DDOBLEN LA 21T 5 .

RIZ LCCO2 123k U CHER I 2 B2 Mat4 2. B, CEV D LCCH GV L /)
S DT L, Tbb LCC B HiEET 5 X Hi%EHT 5. CEV® LCC 23/hEVy, CEV
BEADA T 4 T LR DARBIE L, CEVEBRER AT 5.
BTG LBl 2 OB & OMBLAAE, QMBI O LCC, ORI, @M H

% Yy
5O CO2 Pt ED 4 SOFHIFERE Z VTR 5.

yap)
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/// \\\ A tn -t- f ,I,
{ Energy Energy <:I Léé‘g;eso I::} Energy

. Materl.a 1 > Mam'l- . —»{ Transport Sale : Utilize
i |Production, facturing /! ;

Reuse

A 4

Scrap )

Remanu-
facturing

Recycle

Fig.5.3 Activities of LCCO2

5.3.3 LCCO2 34

LCCO2 pMrisktSe 4257w A% Figs53 IZKRT 5. KXIL, HEHEDOT A 74
AT NTaR R ERT. b, #EMRE, WG, &, ko, I, RERMEAZ T
ZOTIE, FEREHAHT2Y) 22—, {ie—fMoarR—xr raifHT2Y <
=277 0Fx V7, EMEFNATLV A 70D 3R Tt A ERT.

Tut 2T D EnbORANL, BASNLTZRVFX—%, FT~ORENIHEH S
5CO2%mRT. ZOZXALFXF—DA Ty b, CO20T U N7y MIAETrERIC
@ 5708, MM LD 7o OB RO BRS, ROEBRS, fHBEFELSMIEIE L TV D,

ARG CRHMET 2 LCCO2 1%, T4 7HA 7 NVEIRD I HLIROD 35O AT —V kx5
&5, RBIT Figs.3 O TR @Y CEV A ORLEEM L itk ER S T& 28
1TB P % B e OFRM RUEEL P, QORUEERE, OFHBREDO 3L 75, 720k, KRl
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Consumer Behavior
Consider > Purchase > Utilize Scrap
Maintenance Recycle
Life Cycle Cost e, ]
i Utilizing Cost (Energy) Scrap Fee
Initial Cost
Maintenance Cost i| Recycle Fee
Products Lifecycle
(—= _1 _______ \I (—————————====" .
Materia . 1 .
|
1| Production ] Manufacturing > Transp0r> Sale >I Utilize >| Scrap >
I e e 4 - e e e e e e e e o e o e 7
Reuse
Maintenance > Recycle
Remanufactyring
................... . o P o
! Activities Related to LCC | ,I Activities Related to LCC Oz

Fig.5.4 Activities of LCC and LCCO2

BOTIIHRFICKR] L TR L2WEE1E, R REEN & GGG B 2 6 bt TR
LR

5.3.4 LCC &4

LCC Hr TG &3 57 nt A% Figs5.4 OFRE/ITRT. LCC oM TlE, BEAMN
ODREEETOTIATHA I NV EZBE CHEEPNABRT a3 X o1 5.
ARAMIA=V VIR, Fr=vTaRrs (XX —) , AT FURATRAR,
BEFEa A N, UH A7 LaX ML, AT A N, BRECKEERDT =27
A MTIMA, AFETIEIA T F A - fERFa 2 P OO RITNA S, BEEIA R L
VA7 NaRX MNMIGIET 5.
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5.3.5 CEV E@ERBLEDOT A

BITE & RIFREE OB AR A MR L, D ORBEAMENMRVELIZIZS v T 47
E72 0, WITEWRESICIEHIR & 72D L0 RBR ARG 5. BARRITIE, LCCO2 @
i ZoCll, LCCO2 BICHIRZF LA MBIT 5L L, CEV® LCC 2Ni#Fi#%IZ GV
KOS DB, 7205 LCC B WEiT 5 CEVEBRREAZ T A 95,
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% 6 FE Analysis

6.1 LCCO2
AEITIX, PiREFORIEE 725 CEV 50 CO2 HEHHEA T D T A 7% A 7 A
VR N T —H B HWTHER TS,

6.1.1 HLEEME CO2 HEHHE

FEEE R D LCCO2 % e THIZE L W 2B L Table6.1 |Z/537[56]. HEV 8Lk EyfHEE
T DARINTORNTD, EBITMHETEL SN TS GV O 1.1 {FTHEEFL -
[35].

HEV OHLEE: M LCA 1%, FEMIOMET —# BARIN TR WIZOfEAR BIFEIC X
5 AT <, GV BUERHIRT LT LIF[35]° 1.2 fE[R36] LA STV 5.

BHTOFERFITIX, MaxaEBEYS “OY v 2 (HEV) 7 [57]& ““Ev 2 (HEV) ”
[60]DHELERRE LCA Z[E 27 7 ADHT Y VU HEERK LRI T 7 72 AL TW5.
77780, 7V 20RGEERRE CO2 PEH&EIL, R 7 AT Y U CH L g LT
1.146%, ¥ w7 (HEV) ORLEE:ME CO2 HEHIEIE, 9 1.09 fF & FiA & iz,

Ko TARIFZE T, HEV OREERED CO2 HEH&EIT GV @ 1.2 f5[36]TiE7e <, 1.1
f&351&BRH LT,

ROEBME O CO2 PEH &I, EV 28 H £ < 9,200[kg-CO2], PHEV 6,855[kg-CO2],
HEV 4,510[kg-CO2] & #i & GV 28 4,100[kg-CO2] & F &V 72\ . EV & GV TiIK 2250
ERDD.

CEV 28 GV LR L T WOl REBEMEIZHWT, BEEFOFEESL LT A2 L
FEDOFRMERF O EN LW LICERRT 5. FFIZ, EV ORGEERE CO2 HFHED %
SUTOVWTICHRS6]IE, U F U LA A o ElEEEDOBAM AR ENESHTL TN D.
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Table 6.1
LCCO?2 in the Manufacturing and Utilizing Phases [kg-CO2]

Manufacturing Utilizing Total

EV 9,200 4,775 13,975
PHEV 6,855 8,500 15,355
HEV 4,510 12,225 16,735
GV 4,100 19,050 23,150

Manufacturing phase: quotation from [56]
Utilizing phase: supposition by author as hundred thousand km from [30]
EV: lithium-ion rechargeable battery

6.1.2 EITEM CO2 gEH=

Table 6.1 (2, RIETEFR L7 10 7 km EfTRFD CO2 JEHEZ/RT[30]. KT —H Ik
EV & PHEV IZEM T 2B OR BB, HAROFLEFMR L L THEINT
W5,

EATB MWV TiE, BIER M L3l EV M b A 72 vy, GV 19,050[kg-CO2],
HEV 12,225[kg-C0O2], PHEV 8,500[kg-CO2], EV 4,775[kg-CO2]&#i< . fEX %z TR/l

F— &35 EV, PHEV OHHENKRIRIZDRWNZ 030005, FIZEVIE, GV &k
T 54001 bDLREITHD.

ZIT, ERET VY OREE KT CO2 HEHFHALZ Table6.2 (27~ 97[88]. AKX
TRAF RN OFNE L CO2 PRHFHAMAZ R L TWS. JR/13%E, KELHE,
)R EITEREA LDz~ £, R )3E, KEGesE, BREEX LHY
i, TALSMIHHVEZ RL TV 5.

IMINN®B7=0 @ CO2 etz ki3 5 &, b D BRVOBRTSIFED 6.5g-
CO2MIIT, EWNFEE L 98.1[g-COUMI], [EINKHEIFE F-2411% 85.6[g-CO2/MI] T &
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Table 6.2
REE T N CO2 PEH AL
B A RLAE FEE CO2 PEHFR%K
=RV {[EA HA7Z  HHV By  HHV HAL ([N
LHV LHV
T kg/l 0.733 MIJ/1 346 g-CO2/MJ  67.1 kg-CO2/MJ 3.17
ENFEE — — MJ/kWh g-CO2/MJ  98.1 kg-
S CO2/kWh
WAL [H]5E — —  MJ/kWh g-CO2/MJ  85.6 kg-
(REZ CO2/kWh
[E N K 5 — —  MIJ/kWh 9.08 g-CO2/MJ 166.0 kg- 0.597
(REZ CO2/kWh
A IRIEE — —  MIJ/kWh 9.10 g-CO2/MJ 246.0 kg- 0.887
CO2/kWh
JR )3 E — —  MIJ/kWh g-CO2/MJ  6.50 kg-
CO2/kWh
KBt E — —  MIJ/kWh g-CO2/MJ 14.8 kg-
CO2/kWh
R\ 7156 EE — — MJ/kWh g-CO2/MJ  8.19 kg-
CO2/kWh
Refer from [88]
*RF- 15, KL RE, BB EITEREIAHLOELZ R~T
R FE, KB E, MR EIL LHV E, s HHV E% 5R9

5. MLERZTRLVX—RETLHEEE, BEMBKICLD CO2 g k&< Z

LIRDH T EHERTE .

6.1.3 LCCO?2 ¥4

, BULEERRE L EITESE O CO2 BEHEARHEEZ RT. h—X /L TIiL, EV
DEITEBOPEHED D72 IR T EV OFEHENR LD WZ ENHERTX 5. &

Table 6.1 |
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LCCO2 [kg-CO2]

28,000

24,000

20,000 —

16,000 | OUtilizing

82% ® Manufacturing
12,000 34% 55% 73% u

8,000 - —

0 - |

EV PHEV HEV GV

Fig.6.1 LCCO2 of CEVs

stOPEHEIL, EV 13,975[kg-CO2]23 i b4 72 <, R\ T PHEV 15,355[kg-CO2], HEV
16,735[kg-CO2], GV 23,150[kg-CO2]T&# 5. CEV & GV L D=, EV 2 1.7 %,
HEV 23%) 1.4 1%, PHEV S 1.5(5ThH 5.

WIT, BOEBRE & ETERIEOPEH R DOE|IG OFFE % /5 % . Table 6.1 & CEV 3D
LCCO2 ¥tfE % Fig.6.1127 7 7L LK T %.

K7 T 71%, 4 CEV ORUIEEME & ETEED CO2HEZRLTWD. 7T 7AD
F UL, AR LCCO2 &ITx LT, BUERPE & ETEREOPEEN SO 281G 4R
LTW5.

EV, PHEV, HEV ® CEV (%, F—%/L®D CO2HEHENDIN—T7T, RGO
HENEEKICHEDDEENRKEL R-oTWNDS. GV ORIEEH CcOo2 JEHEN KD
17%72DIZx L, &TO CEV 2B W THRIERMEN HD 2F& ML TWD Z L2b
5. b REWEVIZIEED 66%, PHEV I 45%, HEV L 27%% 59 %.
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SBIT, ARBTIF—OBARIES, BEMROELIC L - TEROEEHO
CO2 HEHEHAM MR I HIC/NEL A2 L2k, ZoOfE T —EBREA - LN TS
nos.

6.2 LCC

AEITIE, B ORI#RERD CEV DT A 7% A 7 va &~ (LCC) % JeiThi%E
DTATHA T NA LR MY T —F 5O THEGHT 5.

621 A= %/LaR b« BTEEa X B

HEIHEDO T A 7% A 7 Lax hOf#E LT, Wi nmiliiel & &m0 0%k

BOHDTANLFX—ARANNRKENWIENHDH. ZHTEOEMICHILEL TV 5.

L)L, "IT—=hb AU ZEFLOETHIAT AEEDEWNICELY, CEV Z&I2%
NENDT A TAT—VIZBITH IR NONROFFEN R > TN D.

Hifja A NET =07 3R MIOWTIEE L OWFEN 72 1TV 5 [42][43][48][63].

GV, HEV, EV, J#AElEME (FCV) © 4 fED CEV %, Ry & BB it i O fa ks
DT LT2 B THRZE[48]1E, a2 A PR S 2RO L S IZFHE L TW 5. Hlj =2 X
MGV b Em < 2 2 A%<, IRWTHEV, K& HENTEV, FCV DJET
HhH. —F, BEa A MIEVAERD A MBLELFHEAREV. RO TIZIERE T FCV
& HEV &fEE, GV Tk bl Ry .

AWFFETIE, 4 CEBV OA =¥ /ba X b (BEAMIKE) Z2BUERE STV 2 il
¥ 75 Table 6.3 D X H ICEFK LT,

GV DA =¥/ A MNE, hua—7 INZFE ¥ A7 (HEX&E : 1500cc) 140 J7F[64]
DR TeAmE (HERR) & L.
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Table 6.3
Initial and Utilizing Costs of CEVs [yen]

Initial Cost Utilizing Cost

EV 3,400,000 564,385
PHEV 2,700,250 637,534
HEVI 2,194,000 710,682
HEV2 1,807,000 710,682
GV 1,400,000 1,131,290

Initial cots: assumption by the author using [64]-[69]
Utilizing cost: supposition by the author from [30][62]

HEVIX, A1 =3 % /LaX hDf72% HEV] & HEV2 O 2 FEEZHRETH.

HEVI O A =y /ba X ML, JEREORZR D7V I A Ofliks 65]%73»67"9 A D
k& [62]% M E L CHEZF L=, BARBYICIZ, 7L 34 2ZR-FE (HEXE : 1797L) Offitk
181 ’ % INZ-FE (HEXE : 1496L) Offitg 167 I TERLZMEIZ, YV DA LZ A

(BER & : 1797L) Ok 1952 I H[66]% T U CHEHE LT-.

HEV2 O A = v /L a X MY, SEREDERD T 1 v FOME[6TIEZN LA Ak
DAif&[64] % i IE L CHERF L 7=, BARMICIL, 7+ v b 1.3G (FFCVT) (HEX&
1339cc) OAfits 114 HH % 1.5X (FF) (K& @ 1500cc) Offits 139 J5H TEr L 72fE
W2, AV A FGHAT FHEKE  1339¢c) 180 HH[68]%F U CTHEAE LT-.

EV (X, GV OffifglZE = A ~ 200 A% L7z 340 1, PHEV I ZANRDEZE

Y EV & HEV OF & LT, EV & HEVI KT HEV2 O FHEO A & EFE L
7-.

ETEEDT = 78 (T Y v, ROERMN) 1, 1kmETY Y O—KRZFV
F—EARE[30], KO 2007 DR F—likg (=R —FRINA - NFEAlikE) [62]
R UTHERH L, =Xt ORFHZIZE L TIEBEoxg4 & L.
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A =¥ %3 A R, BV 2% 3400 T L BE. KWT, PHEV : 270 7,
HEV2 : 219.4 714, HEVI : 180.7 ifd, GV : 140 T &#E<. EVDOA =T v /L3 A
IX, GV O 24 5 ChDH. BB A MEWKRT = —XICADHTHD EV Mk b

—J7, ETBEBEOa X MIA =y ba X NORREWIET 5. GV BMEEATTE
< EVOR 25 THD. ZWIEIZ, EV: 564 5, W, PHEV : 63.7 i, HEV :
71.0 5, GV : 113.1 5 Lfe<.

EATBERE 2 2 FOK/NE, CO2 HEH & & RIERIZ 2 =R X —R & 32 DNRAFET
L. ALARELE Bl U TEK T A MIEWEm 28>, S HIZESUE, FEERF O B
FRICE > Tax MRS, FKEIRX FORNEHETSC, REENZHWNTREET L
(T A MIEL 25 L, #HlAERICEH SN KRG S22 WA FREICLY —E
ARAREMADLHZEHARETHL EEZEZDBND.

AAFFETIL, ERHAMNZ 4 H P Ok THERF L TV 223, 2l e &K T 1o R &
71, B3 EEMHT L, EV L PHEV OFETEMa A MIL VK25, F7-,
KGN ST, EEMOEKIZLY, EHFREOBMELE, A~— 7Yy Fa
FCD LT LENMEFE T AT LOZBNEE L EOTFRHH Y, EV L PHEV O 7
=V TERIZIESOICTRD RN D & THEINS.

622 ALUTF LR - HEERBYEa X R
WIZ, AT TR HEFRFERBEO a XA &g 3 5. RO 3 SBLEN G CEV 50 A
VTR HERFEE D 2 A R AR L.
@O B[l S - RS - ERA AR A B
©® EEax b

® FisHHa A |

@© WA - BRA - B AR = X b
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HARTIE NEEELETE] ICX 0 EROEHERBEBENT DN TS, SRE%
T HFEZINO0NH LD, HDHT 4 — 7 — Rt 5 HERYY— B XIZB W T, HEV
DOFFN GV L0 EOEHETRELEN TV D, [AERE (=27 ¢~ OHREARRE Tl
9% &, HEVIX GV O 155Dk TH 5[59].

ZHUE, HEV BRE—ZF L DU AR DMETH LD Z &0, HMERT —*F
T F X, WMRAHOLIICLVBREHANEZ D2 L, AT T U AR 2
HZ L, FRINHXAZ LICERT D EBZEZHNS. PHEV bR A Z RS20,
SR AT A MIHEV ERIBETH D & TRRIND.

—HT, EVIZETE—ZDOREZHEEHL, Yo TNART —XT 7 F v 2. Wik
bR —BNTITES AL GV D 355D 1 ThD Enbitd. Zith DFRFHHIZ X
D, GV HEV & LTl - A2 XA FMRNWZ ENTFHEEND. EVOI X N E
SBT LT SRATIIE TUE, BV T A VR A A NV T 4V Z —PNLBEEENT Lnh, A
VT U AT A RMEL R D EFRENTVA[70]. & SICSTHER[4211%, EV IZEBAL %L
DY ERLERIMBI ORI L o TR A T F A7 U —=L720, GV LV E 20%
AT AR MBMELS 25 LR L TV 5.

Z AT, Zhb0TE2 b LI, % CEV OHMSRH - A= A h&2KIZ
RTEIA TERRT H[42][59][70]. HEV LY PHEV (%, BREAEEOLENS GV O
1.5%[59], EV i 0.8 %[42], PEHV IZnijzkDi@ Y HEV [RIFLE & EF L7-.

EV :HEV :PHEV :GV =0.8:1.5:1.5:1.0 <1>

@ o=z~

AWE~Oe TV 7I2kdE, FaZHBEDORTET S “TU U R” OEEG )
WD GV LRIBETHD EINTND. Lo T, ARIFFETIL CEV BRI /B
I A MIETIENEEFRT 5.
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Table 6.4
Maintenance Cost of CEVs [yen]

Inspection, Testing Cost Tire Replacement Total
Cost(2.38times)

EV 176,000 76,160 252,160
PHEV 330,000 76,160 406,160
HEVI 330,000 76,160 406,160
HEV2 330,000 76,160 406,160

GV 220,000 76,160 296,160

Inspection, testing: assumption by author using [42][59][63][70]
Inspection, testing costs are including replacement cost except tire.

@ FEMAcHE D 2 K

EV X° PHEV |[Z##l S 2 &ML, #Hl2 2 ko TRES% 525, PHEV HEE
Moo AR TORIE AIEICIHWT, EilldFm o HEEE2 B A (NEDO) : 10 4, >K[E
(USABC) 1S LBRESNTND[TIZ &0, 104 15 T~ A VO BEENAE S LT
L2 LB, 104, 10 5 km ZR8E T 5 AMFRICB N TTE MO LM = 2 MIFEAEL
BRNbDOETSH. IEL, HRATELND ZOFMBEENENEICBWNTH N TH
HINTIEEDBMLETHS.

DO X VHEFF LTz, B - - AT T A3 X hDOEKELENFR%E Table 6.4 (1
ZNE I

AT F AR RME, HEV O LCC 73#T TR ST @F[63]) % TLIZ<1>DH|G 253k U
THERN LT, 2 A Y OLZHEEL, a2 MIHEGmOEREICL D L OXITHIZEND, FY 7
A D 1500cc ZEET HAMIEICENTIL, B THL EERE L.
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BRA - - AT F U ADOAEF 2 A ME, HEV & PHEV ARIZE TR b %<
406,160[yen], GV 75 296,160[yen], EV 7% 259,493[yen] & 72> 7=.

GV L i35 &, EVIIf 091%, HEV & PHEVIIf 145 CTH%S. CEVOHFTEV
WLZWN—777T, HEV & PHEV I GV LV b EWnE&E W) bR EE TWD & H D
B TH 5. ZHux HEV O PHEV NE—X L = P Ul &G 2 D EMER S AT
LATHDH—FHT, BVIFari—xr MUZED Nz &, b a8 RiEicd
IRVRFEIC L D

O & ZAZBRBERERREM & Vo T, BTy AT LOREIC L o TA LT T
A HEFEERPED A RN EDDEIENEIR D Z ENSND.

AT F U AR « BRROBEOEET, —BROICEIEEF AW L%
VL FERICPESE O T —F T 7 F ¥ OBECH MR B ERIC LT, e BRI oIS
TNz ERTHRIND.

— BN E L, AT RES AL U & T D ERER A MR LT, B
BREAMSL I A RMEWVEGL E NI A A=V ERF> TS, iz, AR FEIZONT

TR ST E, REAMPLIA RN TR TL D&V OREFIE. LarL,
CEVIINTU— b LAV DRBRDLVAT LEHT D720, FLWEIFD CEV A T F

CHEFFBEBE oA A RSN E T —BHIZE A2, CEV IZBWTIIA VT
FTUR MR XA NEEBERET LI ENEEND.
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Table 6.5
LCC of CEVs [yen]

Initial Cost Utilizing Cost Maintenance Cost Total

EV 3,400,000 564,385 252,160 4,216,545
PHEV 2,700,250 637,534 406,160 3,743,944
HEVI 2,194,000 710,682 406,160 3,310,842
HEV2 1,807,000 710,682 406,160 2,923,842
GV 1,400,000 1,131,290 296,160 2,827,450

Initial cost : assumption by the authors using [64]-[69]
Utilizing cost : supposition by the authors from [30][62]
Maintenance cost : supposition by the authors from [42][59][63][70]

W, £ =vx/NaRrh, Fr=yrarxrh, Ay rAaX Mfidic LCC 2
K% Table 6.5 |27~

h—%/vax M, EV b @< 421.6 5, PHEV : 3743 5, HEV2: 331.0 J5
M, HEV1:2923 51, GV :2827 THDIETH L. A =T v/ a A FBEHLTHEW
EV X, EfTBREaX FRA LT F U 2Aa X MREBIERORZEOEEZWIN L X5
h—XLaxhEipol-. ZHiL, GVOR 15ETHD.

—7J7, HEV & GV O h—=F a2 MIHFEL TWD. ZhiE, A= % /ba X MZ
BWTENNI WS, HEV OETEM I A FO/NS SN h—F /)L a X NOEZDH
e THD. LrLl, R HEV ThA =3 v /La X MRED 7, GV L OEITRRD.
HEV1 & GV £ D h—% /L a X M3 9.6 7275, HEV2 & DEIT 48 T Th o7z,
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LCC[yen]
8,000,000
6,000,000
4,000,000
2,000,000 I
15.03
O T T T T T T T T T T T T T T T T T 1
10.00 40.00 70.00 100.00 130.00 160.00
——EV PHEV ----- HEVI — HEV2? ——Gy oXrate

[ven/kg-CO2]

Fig.6.2 LCC Taxation in the Manufacturing and Utilizing Phases

6.3 CEV#BHEOTYVA

AEITIE, B CTRDZ LCCO2 KT LCC % niEBEAM MRV EMLICIEA v
T4 T LY, WTEOEMICIEEIR & R D KD B A RET 5.

7, LCCO2 (ZIG L TH HBIRE R LML LIZGE, #RBi%IZ, CEV OT A
THA 7T A RN GV KOS RLBE, T72b5 LCC Aifid 5 CEV EBRIE
TS

Fig.6.2 |2, BLEERME R OEITE M 2 A 5F L7z LCCO2 (20t U CARER O & Bl =R 2 flt Ak L
728546 D LCC DAL &R

CEV @ LCC 2% GV K 0/hEL 2 5F, $72b b LCC OMfis i & % CEV EER
0%, JEIC HEV2 728 15.03[yen/kg-CO2], HEV1 7% 75.36[yen/kg-CO2], PHEV 7%
117.6[yen/kg-CO2], EV 7% 152.2[yen/kg-CO2] T - 7=.
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[yen]
6,000,000

4,000,000 -

2,000,000 - —

EV PHEV HEV1 HEV2 GV

B before taxation O after taxation : HEV2 [15.03])

Fig.6.3 LCC Taxation in the Manufacturing and Utilizing Phases with 15.03[yen/kg-CO2]

IO DOBR TP L7285A D, 4 CEV ORPLATH% O LCC % Fig.6.3 (15.03[yen/kg-
CO2], Fig6.4 ( 7536[yenkg-CO2]) , Fig6.5 ( 117.6[yen/kg-CO2] ) , Fig.6.6

(152.2[yen/kg-CO2]) 1T/~

K7T71E, M LCC 2R LTWA. #fBiATD LCC, HEBRE CO2 Pk &l
HEIRBIUEE, EATERE CO2 PR R ) 2 BBAEE IS 01T TR L TV 4.

HEV2 & GV @ LCC 2%#57 5 B3R 15.03[yen/kg-CO2]IZEBVTiX, EV & PHEV [Xffi
EOMHERITIZE S 7208, LCC DENNS LK RoTWNDH Z ENERTE L. £/, fih
D 3 ODOFRIZEARTERP/NI WGy, SRS /NS,
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[yen]
6,000,000

4,000,000 - —

2,000,000 - —

EV PHEV HEV1 HEV2 GV

B before taxation O after taxation : HEV1 [75.36]

Fig.6.4 LCC Taxation in the Manufacturing and Utilizing Phases with 75.36[yen/kg-CO2]

[yen]
6,000,000

4,000,000 - L

2,000,000 - —

EV PHEV HEV1 HEV2 GV

B before taxation O after taxation : PHEV [117.6)

Fig.6.5 LCC Taxation in the Manufacturing and Utilizing Phases with 117.6[yen/kg-CO2]
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[yen]
6,000,000

4,000,000 -

2,000,000 -

EV PHEV HEV1 HEV2 GV

M before taxation O after taxation : EV [152.2])

Fig.6.6 LCC Taxation in the Manufacturing and Utilizing Phases with 152.2[yen/kg-CO2]

PHEV @ LCC H3 %54 5 BiZR 117.6[yen/kg-CO2)IZ B Tix, HEV @ LCC 3k b/ &
<72%5. EVEGVOLCC bHflsL, ZDEIL31.7 HTHIZETHE > T\ 5.

EV & GV @ LCC A #filind B FiR 152.2[yen/kg-CO2\ICHB W T, T A hMEZHH 5=
DIZEWEBLR E R > TNDH 72, MBAHENRE S RoTND ZERHERTE S.

A Hi TR 7= B HEV2 85 Bl % @ 15.03[yen/kg-CO2], HEV1 #f #i5 fii 5

75.36[yen/kg-CO2], PHEV #i#nfi=R : 117.6[yen/kg-CO2], EV #i#nfii=R : 152.2[yen/kg-
CO2)&_—RAZ, RELIETCEVDA 2T 4 7 LR DBRERHT 5.

72



73



%5 7 Z Discussion

% 7E Discussion

71 LCA £KIZEBL L T=5HBE 0%

ARETIE, ROEEME L OVEITERED CO2 HEHEICx L CREBLT 2 AR %2, (RIZETT
BtE D CO2 HEHBEO AT LTl L7c G a L g L €, SR A B ET 2 A 8O
BN Z R RS

HEV1 ® LCC 28 GV LV /hS LK 258, 37255 HEV & GV O LCC i S ¥ 5
iR 15.03[yen/kg-CO2] % BiliZ, LCC DZEALCrRfi AH4EZ il 5.

Fig.7.1 1T, BiZ 15.03[yen/kg-CO2] % iftfi L7235 OBl Z R~ 7. 77 7 DF AL
30X, EATEED CO2 PR &) 2B, A T REEEOPE T EICxT 5
AR 2 7R

Amount of Tax[yen]

450,000
300,000 O taxation for
manufacturing
W taxation for utilizing
150,000 -
0 -

EV PHEV ~ HEV GV

Fig.7.1 Amount of Tax with 15.03[yen/kg-CO2]
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EATERRE O ED B 2 RICRBL L 72561, FROSIETMBIS i, —HRER
B & EITEERE ISR L CREBL L7255 81E, il BaOGFMAl I N 5 & Hide.

AKZ7T7 XY, FFITEV & PHEVIZEBWT, REBRFEICHT 28N %L < o T
%2 EDHERTE D, EV TIXERBIEEDOR 65.9%, PHEV TIXiRBIEEOK 44.5%3 Bl
BRI T 5B TH D.

EV & PHEV OB A IR 2 &, mHAWR RN GRS . RISEITERED A2
BBLL7-84, PHEV OMBIAHIT EV O 18 5 Th D, LinL, EfTEM & MR
RGP L2 a, TOEITH L1FICHES.

g, ETEEDOARTIE BV @ CO2 HEHEDEALIENERIIZ @ o 7oy, flhE
Bt GO C h—4 L TEX DL PHEV & EV OHEHEEAIENSH T D 2 & 2R LT
AV

[FFRIZ EV & HEV OH# 5 b R TR TN D . ETTEBEDO OB T,
HEV OFBIIL EV OF) 2.6 (5 TH D7, BUEERS G Z LA TIXZOEITN 12 5L
INEL 2D,

ZORERMNLIRD Z ENHHRIIND.

® EITEREDZITKIT 7P CIL, PHEV X° HEV (X h—# L OHEHETIX EV &
DEDNNSWIZHBEDL LT, ETEEOAROI EHEIZISTCT EV LY 12 <R
BlahTLE o

® CEV /[TEITEMOMBAN/NE <D, £OMMIT EV X PHEV ZERE <,
FF3k CEV 23} 2 & B TEEPE D H OFEBL CIXRERPIS R KIFIC A+ 5

EITERED AT/, MEERBELED BT 22T, BRICICE R T 7Y
AN EDREARDO/NT AL CTHFLTE 5 2 LRI N7,
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7.2 PERBRATSN TE B L DR

AREITIE, % 6FETRDH CEV DO LCC 2 GV & ififind % CEV EEIRE, KROMH
R L THRGRET 5.

O BB (7.2.1)

@ BUTOHT YV B (72.2)

@ BREIEIC X DHERIRRBLRBIRE  (7.2.3)

7.2.1 BRI DFLER

9, EU N CHIIEWBLRTH H 4T o X OB & k4 5. Cco2 HrH&EdH
720 VX —FRBIBLER (FRAL) 13X 42.20[yen/kg-CO2] T 5[72]. HEV2 WilinfiR
15.03[yen/kg-CO2)i%, F 7 X OFMBLL Y /NI N L PR TE 5.

WIZ, EU @ CO2 HEHED 720 O =3 L X —il B KB & ik 9~ 5. EU HIKRLE
1% 21.62[yen/kg-CO2] CTd 5[72]. HEV HHsHIHRIL, EU HEHME LY /NS WELETH
L2 EDHERTE .

L7 L—FT, EV® LCC BHiEd 2B 152.2[yen/kg-CO2]IL, ZIHD 45K N7
BERWETHY, BENRBELIIZEZ RN ERGh o7,

L DO—fEI 72 RFRUL, R TOREE - T — B R & GUTERBLT 5 72 LRI RBIE T
H7%. CEV BRI L AR T R& TiEew. LL, 2B ETICHIRLTARD &
RO EPNRD.

7T AN 2010 FEENLEAEREB L CWDIRERRIL 17[2— 1 /t-CO2]% HAH

\CHAETT D LK) 2.29[yen/kg-CO2] & 72 5[73]. HEV WilAfisR & Hli9 % &, HEV Wi
BIRIT 7 & RE V.

[FIERIC, 2% £ TIZHFE - JBICHEHHEZSZHG I KU D 2008 FHEIZ 61T 2 BV ALE
& Heled % [74].

2] o—no 135 [ oiE
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o EIIME : 2.308[yen/kg-CO2]
o JEE : 3.724[yen/kg-CO2] (200847 H 4 H)
o IXZHE : 0.899[yen/kg-CO2] (2009 4E2 H 16 H)
I 2 HEV WRFise & g3~ 2% &, HEV2 WSR3 6.5 5K Z . PHEV XY
EV AW 5FRL IS HICREREDRHD.

INODEE Y, HINOZ RV F— T4 2B & % & CEV BB O
9%, HEV2 2filind™ 2 EEBBER 15.03[yen/kg-CO2]1%, FRMN D= /X —Txd 5 RHE
Pl X 0 I3 T/ NS W FRIFRE, PHEV, EV AWl PRI K& < T+ 2 2 &M
TR X T

722 BATOH VU B

ARETIE, BIERMEISS L THBL SN TV 5 BBV EBERH 0 5 BB O KER 5
BEODI YV B E AR OB AL R L, RBROZ YL REET 5.

BATOA Y ) AT HHBUE, FEFMBLE HOFERIIBLC S 5. BIfE, 2018
FEIHAZ HETOEEREL LTEHEINTVDRER2R]T

o fHEFEIMPBL : 48.6[yen/L]
o HUGHHIEIHAL : 5.2[yen/L]
Thd.

YV 1Yy MVE70 0 CO2 PRI, CO2HHEIFHNMN LY, F VU -
B 0.3747[kg-CO2/L][75], /U L REE 2.380[kg-CO2/L][76] % &7t L T, 2.7527[kg-
CO2lLHE S D.

ARFHENZHANT, YV 10y MY OfBiEEZ R L, Table7.112, AL
EBUTOH Y U CRBUEERSE (R MAL R O MG R IAL) & e L ORT
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Table 7.1

Amount of Tax for Gasoline 1L. Compared with Existing Gasoline Excise [yen]

Tax Rate This Carbon Tax  Existing Gasoline Excise
HEV2 : 15.03[yen/kg-CO2] 41.3
HEVI : 75.36[yen/kg-CO2] 207.4 53.8
PHEV : 117.6[yen/kg-CO2] 323.7

EV : 152.2[yen/kg-CO2] 418.9

Existing Gasoline Excise form [75]

1y MUY OFEFIEIL, HEV2 WHEF13E 15.03[yen/kg-CO2] T 41.3 [, HEV1 #
HARLER ¢ 75.36[yen/kg-CO2]C 207.4 [, PHEV #Wi#afi=K : 117.6 [yen/kg-CO2]T 323.7 H,
EV Wi#sfisR : 152.2 [yen/kg-CO2] T 4189 TH 5.

BATOA Y ) B GHEIE B OGS MAL) & CO2 HEH &G U7z IR BB E
WAz 7235E, HEV2 WiERR © 15.03[yen/kg-CO2[ITRRFBIAEN 0.7 f5IT/hNEL B 2 &
DR T 7.

— T, PHEV, EVHIERRIT 6150 85 L BIBNHEZ 5 Z & 0o T,
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Table 7.2

Amount of Tax for Gasoline per 1 year [yen]

Tax Rate This Carbon Tax  Existing Gasoline Excise
HEV2 : 15.03[yen/kg-CO2] 36,132
HEVI : 75.36[yen/kg-CO2] 181,165 46,962
PHEV : 117.6[yen/kg-CO2] 282,710

EV : 152.2[yen/kg-CO2] 365,888

Existing Gasoline Excise : assumption by the author using [28]

AT, AR OBREHME B b A OB A RIET 5. BEHED RIS O 7Y
DOFRBUEH & Lbl L Table 7.2 127”7
FERBEME 1T, ROMEE RV CEHEAETS.
H19 F 0> H 52 B0 R BHE FH &
o HY U :5021 J[kL][110]
Fe B FIEIEEE
o EHHE : 4180 HH
o EEEMHL : 15725 %H

FROBFHEREMEN &R RN EEEER LY, BRAELZDL1IEHTY O
ERAGIEZ 8729[L) L A L2 He, TN ENORRITEHIT D 1 BH T2 OFEFRB
AFHEEIT Table 72 D X 91272 5. FEMA YV U EEEHT- Y OB E, BiTON Y
U B & ARBLTHE L Talbe7.2 127"

HEV2 #HAF13 : 15.03[yen/kg-CO2]D 1 4720 OFEFZEIL, BATON VU VB L b
L TR 075 & /NS <D Z RIS T,
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—7J5, HEV1 O##aHR : 75.36[yen/kg-CO2]134 6.7 fi5, PHEV #W#sfi=R
117.6[yen/kg-CO2]i% 10.4 fi5, EV Wi : 152.2[yen/kg-CO2]IE 13.5 i & KigIZ K & <
o7

HEV2 #5512 15.03 [yen/kg-CO2] TlL, Z£DZEITHK 075 EBITL W /NS <A g
HIITV2S, PHEV & HIZ BV & LCC BT 2B TIL, MBIBEHIC K E 2N EEN
L2 ENMERTE .

ZHUE GV ZE LI ATV E B 2 55, HEV2 Wik, 7V U 1
U FVIZKT D BEITEATOA Y U U8 ERINEL « R OMOGEER M) K0 &/
S RDH T ENHERTET.

7.2.3 BREEA T L D HBRIERIL X RBLR

AREITIE, BREEE OWRL 22 R EERLHISOEE L[ IB3NCE V IAE Tz, Y U ATk
DPLRE L T 5.
FBUHISOES (1310 H T, BBOMAAAITRD L 5 I IN TN D.
O, Ay (TY U, &, mEil, KT, B2esie | Rk
# (RRHU A, LPGE) , AIRZERZRIC, WAHE, THEE OB Tl (7
A RBLDOMFL Y 2T K& 15 )
@HT YV ZHONTIE, OICMAT, BV U o BGEEESE OB TRl (%I
BLOMBLS AT L& 1EH)
Z T, AEITIIQOBIHEE
e HYVUr :17320[yen/kL]  (7.467[yen/kg-CO2])
AR T S
AV 1Yy M0 OFBIEA L LT Table 7.3 1273, BREEARIL, BifF
DOFERIMBL - HFFER MBI O A RIBL & BT R0 MERIRRE (L5 R Bl 2 A5t L7z,
BREFAZETIE, 1V v MY OFEBIKEIT 46.02[yen/L] & 72> 7=. ZiuiL, HEV2 D
LCC Nl d DR 15.03[yen/kg-CO2]% 1 U v RV 72 0 (ZHHE L 723 41.3[yen/L]IZ
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Table 7.3
Amount of Tax for Gasoline 1L. Compared with Existing Gasoline Excise [yen/L]

%5 7 Z Discussion

This  Gasoline Excise and Global Warming Countermeas
Carbon ure Tax
Tax Rate Tax Existing  Tax of Global Total
Gasoline  Warming Cou-
Excise ntermeasure
HEV2 : 15.03[yen/kg-CO2] 41.3
HEVI : 75.36[yen/kg-CO2] 2074 28.7 17.32 46.02
PHEV : 117.6[yen/kg-CO2] 323.7
EV : 152.2[yen/kg-CO2] 418.9

Existing Gasoline Excise : assumption by the author using [28]

FHEFITELS, 2OBREIY b/NSVWETHD. HEV2EEHRIT, BFEOT Y U UHiL
s 5 LB 2 I ZIERRES, BTSSRI EVHRTE S, —FHT, £ofth
OEEBRITIEEFOT Y U BED b

RPN R & <72 D

725 EERBFEINTEHRLEOBEBE LD

72 #iTIE, BINOBLE, BUTOH VY B, BREEAIC X D HERIEE LSRR &,
ARxFF TR L7Z CEV & GV D LCC N ifind 5k D 4 S DORHLHR

)
)
®
)

HEV2 ##5fi 3R : 15.03[yen/kg-CO2]

HEV1 ##5HiR : 75.36[yen/kg-CO2]

PHEV WiHsfisR : 117.6[yen/kg-CO2]

EV ififinfil

i L CTRGEEZ T o 72,

81
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ZOFER, OHEV2 WHaHER 1 15.03 [yen/kg-CO2]Ji%, BRINPN CLEEAYE VT R L —
T DA T o X DRFERR 42.20[yen/kg-CO2], & HIZ EURKMEBIR LY /SN2 &
iR L.
BATOA Y ) B GEIEIMBLL OHL G S & o Tix, 7YV 1Yy b
W7 OFBAEA e LT, 2 OfE ROHEV2 WHEHIER : 15.03 [yen/kg-CO2JIEHIT L Y
H 075 /NS RD ZT ENBRBINT.
S BT, FHOBRERHE &G, 1 FRIOT Y U CER RIS 5 iRBAE 2 g
DL, BATOH Y U B GEBIMBLL OCHGHERIMB) T3 4.7 HH/AE, OHEV2
WEAFLE ¢ 15.03[yen/kg-CO2]1THY 3.6 TH/FOFRREBIFHL 720, SEBAHEN/ NS 2D
ZENgrol.
ZNHDOFERN S, HEV2 WlAHE © 15.03[yen/kg-CO2]iZ
o BEFOBIMNO = F X —Bi & ik U CBESRIXFERRE IV NS S BIEMTH DL Z &
o HYVVUL IL Y70 ITHET D E 413[yen/L1 &R0, BEFOHN Y U B (FEFRH
Bi M OV 5 R HAL) 53.8[yen/L] L VW b AL A TR M bND

o WYY URL (FEFEMBIK OHIGEREMB) LV bABAHALET/HNETED
&

DRI S L7z,

[FIIRFIZ, EV X OVPHEV WHEFBLRITEN R E <, BENTRNI L RB I,

7.3 ERBIRIBFAD LR

AREITIE, 5 6FETRDZ GV & CEV O LCC Nifitind DB A L7-HE& 0, #f
BAHEORE S %2, BUTO T 2 —EBCMMB &0 R 25 0 7 B B) BB & b
L CHGES 5.

MR ETHEHNL, GV e a b —REB, #HBexIREL 2% HEV O 2L L7z,

WD —ADOMBIFEAELZ IR L, ikt 5.

@ GV GEHFEBL
@ HEV2 (== h—EfiZs L, #fifheial)
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@ HEV2 (mah—@E#izL, #hedv)

@ GV (Bi= 15.03[yen/kg-CO2]) + A4V U L Bi (FHEFE BN O 7 358 i)
Z Bk < BUAT O A B # RS E B

® GV (Bl 75.36[yen/kg-CO2]) + 4V U Bl (FEFE MBS O 7 FH% i Bi)
R < BT O B B # RS E B

® GV (Bl 152.2[yen/kg-CO2]) +H YV U Bl (FEFE MBS OVl 7 FH% i Bi)
R < BT O B B B RS E L]

@ HEV2 (Bi# 15.03[yen/kg-CO2]) + 4 U LB (I MBI O 5 HEF I Bi)
Z Bk < BUAT O A B 3RS E L]

® HEV2 (BiZ 75.36[yen/kg-CO2]) + 4 U L i (EHIE ML OV 543 i Fi)
i < BUAT O B B B RS E B

© HEV2 (Bi# 152.2[yen/kg-CO2]) + 47V U UL (FHFE ML OV 7 %8 T Bi)
R < BT O B B B RS E L]

BATO H BB RLERLY, WEB AR BB EIGE, BEHEEER, BEERL, HR
hBL (EFERLE 48.6[yen/L]) , HuGFHERIMHL (BERLS 5.2[yen/L]) & L7z, =ah—
JRLE, BEVEIGH S BB EE SRS RS L, fMBSITRD 2 02Z b s L
TEHAE L.

o 255 BrEREND 13FEL ERROHE AL X7 T v I L THA LTSS
o 1057H : FETHALILSLGES

IHD 9 — L OMBIAHEEZFE L, Table 7.4 (2R 7.

GV ORBAEAE KT 5 &, OBITORETIEL 92 THOAHE L 2 >7-. CEV
EER T A PRICB T DAL, @15.03[yen/kg-CO2] T 82.8 HH, ®75.36[yen/kg-
CO2]T 2225 5 H, ®152.2[yen/kg-CO2]T 400.4 T Th 5.

@15.03[yen/kg-CO2]OAHEAUIHAT LD HK 10 T 7 <, o, ATV MET
bbb, —JT, ®7536[yenkg-CO2], ®152.2[yen/kg-CO2]TIL kMg EFHEZEMNIEM L,
BFEA PR HAE &3S V.
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Table 7.4

Comparison with Amount of Tax [yen]

Pattern of Taxation Amount of Tax

OGV Existing Taxation 920,578

@HEV2 Existing Taxation without Eco- 587,598
car Tax Reduction and subsidy

(3HEV2 Existing Taxation with Eco-car 92,123
Tax Reduction and subsidy

@GV 15.03[yen/kg-CO2] 828,694

®GV 75.36[yen/kg-CO2] 2,225,334

®GV 152.2[yen/kg-CO2] 4,004,180

(DHEV2 15.03[yen/kg-CO2] 799,877

(®HEV2 75.36[yen/kg-CO2] 1,809,499

QHEV2 152.2[yen/kg-CO2] 3,045,417

Existing Gasoline Excise : assumption by the author using [28]

RIZ, HEV ORBIAHEZ KT 5. @BUTO = 2 —EH - #filhad v Tix, B
FlefiifheoRE PO EFMICAEBEN/ IS V. LI2L, TN ERVWEQE
15.03[yen/kg-CO2] % thig 3% &, B K 0 ITEMEENEEET 528, TOETN 11 TH
B EDLZENholz. —J HEV IZBWTHREBIZ, 75.36[yen/kg-CO2] &
152.2[yen/kg-CO2] CII A AN KIEIZHEAN LBLFER Tleu.

72 Hik O 7.3 BiOMFEEL Y, HEV2 WA 15.03[yen/kg-CO2)ITTERDFLHLR LD &
[FREEDV NS <, DoAY ) RIS O B B B EERLH 2 ffg 7 h—Z2 L OABEETYH
BATER 10 THOZEICEE D Z LRI INT.

HEV2 A Fi3 15.03[yen/kg-CO2]I%, MiBheCiML7Z2 LIZ HEV & GV @ LCC DOi¥fifis
ERETHBETHS. BUTOABEHLEOLERX Y, ABiFE 15.03[yen/kg-CO2]ILFHL
BHEELZ KIBICHBSE 5 2 &2 <, 220, fMeSmiia > 2 LS Co2 PEt &
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W LATEREEBLE WD FEICL 5T HEV IZTA RN 2T 4 725252 EWRH
RETHDHZ ENREINT.

RFBBLOWIIETIE, ZEMLIKFE 1 b dHic 0 ORFEBEBIRER 1 51 & 5 BEAEAF
GEN 5. 15.03[yen/kg-CO2[IZIRAEH | HHODLT ) 1.5 5 Tidd 50, RAEH %
BZTLESTWDEVIRNEZLND.

LirL, BT~/ &0, ABEICETMBUIT Y U Bl GHFE MBI O
FRMBL) LM b BB ISR B B E ERLR & 9D OB MBI TH Y —
IR R BB & X HBIRCF AN R 5. FE5E,) 15.03[yen/kg-CO2IZRM D CO2 HEHH &
PR LDV —EBORRL 0 H/hES W ERHERTE 2. 85I, BHARED
BENPDBBUTE ORI NS BYHITENVEEZ HND.

L2xL—FC, PHEV kO EV DNWlRd 2 BlRIIARR COMBIZ, K OTEAAHEE
DN 10 FREDREVBETHY, REPRL LTERTEDLMHEIZ LN 2N
RIE ST

ZNHDOFERNG, 4 ZOH T HEV2 HfEfi3D15.03[yen/kg-CO2]H i b BL M & &y
OB THD EEFZ L.

Z 2T, KEILIEETIZD15.03[yen/kg-CO2] % VN T, What-if 2341 247 9

UL, RO 6 SEFE LT

> RAEITHEEOEVC X D RERHE (7.4)
> BV HATEARC X 5 RN
< HEEEEV (7.5.1)
& BN T U AERICEL DA =y b3 X FOHE (7.5.2)
> K EEOBEWIC X D AT
< BAU YT U A (7.6.1)
< 2050 4 EV:100%, EV:50%/PHEV:50%< 7 U 4 (7.6.2)
> T a—sVVAEFEIZ BT D BREEA MR AL D@V K D B (7.7)
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7.4  WETHEBEOEWIC X 5 BN

TIVET, AFGEIFHEAT T U AL LT 105 km EfTRO LCCO2, KON LCCIZHD
SRR L TE . RETIE, RETHEBEOEWIAELT 5 LCCO2, LCC DA%
I 5.

RSB D220, b U< ITHREITIRBES B VIR EIC & - T, BEEREO Co2
P &2 720y HEV X° PHEV Z IR L7253 b — X LV OBIgHEZ /NE L, T4 794
JNVARNERLSMZONDAREMENH . RAIEE TTRHE LIRAETER 10 7 km
AT LR LT, ETEEMENEWIGE X E O 0T T EATERE TOMBLN/ NS 5.

Z 2T, WAEITEBER D CEV Bl LCCO2 ZFt5H LT Fig72 IR d . K7 F 71345
IZHEATHERE R, fElhc CO2 HEHE AR LT 5.

LCCO2
)
8 25
(oY)
&
S /
i
= 20
= —HEV
10 ‘,,,,<§”’_—“___—__— PHEV
! —GV
! G
6.2
5_
Zh 2.6
0 ||(|)|.|6||||||||||||||||||||||||||||||||||||||||||||||
CONBIBRIIIBERRIISE  [10%km]

Driving Distance

Fig.7.2 LCCO2 of CEVs of several Driving Distance
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£9, GV & CEV D LCCO2 & thi#g+ 5. EATHEED 10 7 km D5, GV IL CEVIC
HARTHEHENEEIIZZ < 72 5. EVOK 1.71%, HEV O 1.4%, PHEV O 1.5 1%
Thb.

L L7 b, ETHBEENE L 22 DI O RAICZEOZEITHME L T <. 34 J km
ZEIUZEV EWHEL, GVOLFMEV L0 HHEHENR S 5.

KIZ CEV [#]d LCCO2 # i3 %. 10 I km EATTIE, EV b4 7e<, PHEV,
EVDIETEZW. LML ZDFEIL 627 km TiHlind 5.

FEATHRRE Z & o CO2 PEHI &I,

e 627 km~10J km :EV<PHEV<HEV <<GV

e 3.4 km~62 /7 km : HEV < PHEV < EV << GV

e 267/ km~3.4J7 km : HEV < PHEV < GV <EV

e 0.6 5 km~2.6 )7 km : HEV < GV < PHEV <EV
Thol.

6.2 Ji km PL ECIE EV 28 HEHER D720 3, Z4LLLUF Tk HEV XU PHEV O 5
eI D 20,

EATHHEN I 725 &, EfTEMRO CO2 HENEIZZ D5 . EfTHHENE WSS,
TS D LCO2 HEHEN S\ EVIIfhod CEV LV & LCCO2 3 %< 721, Z DOBERMN
6277 km ThHhdHI ENRBEINT.

AAERIL, WEATHERED 6.2 77 km IZW 7272 W50, BV KV o Fffi2 SR L 7=
FHBRPEHEIT D7 b L b E VR DD,

BUM S EV O K& B L, 100%EV £ 50%EV, 50%PHEV O U A%< T
Z OFERITEITHREC L > TX EV AR T L b bR EDO D 220, IRIRBITHZ) 72
BIRERD 272N EERIBLTND.

EV MERF(LEMm & U TR bENTETE L THRERBET L0, BETT
PHEE6.2 T km B2 5, b L <IFREEREO CO2 PN EZ O THLENH 5.

TlE, BEORHEOEHETHEHIIENS bW THA I, 22T, FHE1AR
HT2 0 OFEEITIERE A R 5.
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2007 FFE O HF AR BEIRRE77] & B FMEARK78]L Y, FME (BABHZ R
<) 1RO OFMETHEEEAIE, £9,180km THS.

L oT, MAEITHERE 6275 km L EAERT 2720121, 6.7TFELLHMEMT 2 Z &0
EHThoHEERAETES.

H BhEE O i E I O FEHERE[791% Table 7.5 1R T . AFK LV, HFxHEIHOTE
D, 2009 FFEO R HE HLERIE 749 R LHERR T E D

3 B OAE M EATIEREE R OK) 9,180km & AT L, M OEHEE S FEID 7.49 F4f
AL, EV2iEd CO2 R A D72 <, Hitv T PHEV 3D 2 WP CREH 35 2 &
MTE 5.

Table 7.5

Average of Consistent with Age of Passenger Vehicle [year]

Consistent with Age
1975 3.70
1980 3.75
1985 4.93
1990 4.40
1995 3.07
2000 4.82
2001 5.22
2002 5.63
2003 6.03
2004 6.38
2005 6.66
2006 6.89
2007 7.14
2008 7.26
2009 7.49

Originally from [79]
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2L, —H TV MRS, BT TR, BEITIEBEN 6.2 7 km (1T
7272 WA, HEV X° PHEV O HEH &I <720, EITHEREC X - THEHED
BANETE D> T DT ENRmB I,

Table 7.5 O HEHEOHERB 2 5 &, 2000 4FELUESG < (ICHERS EAY D, 2000 4E0D
4.82 L, DT 9T 2009 I 7T49FE Lo TWD. ZOE FHEN &V E EHE
Bl v, FHEOHEBICHIEENLETH 5.

— B CEV 1L, 1 [EIFEIE Y72 0 O E(T rIRERERE 2 Failic, EEEEE= — W IZIX BV,
EEEE — 2L PEHY, B —V121X HEV B2 E LW ESbhd. L Lan
b, BUEERMED CO2 2B E LTI 7V A 7 NV2ED CO2 ZMET H L, #EITIERE
HERTOVNEND D LIRS

bt ThH 2 BARICBWTIE, EHBEDN D < ETIHBESE VSl e . —
MEBMEZ T A2 ENRTREIND. ZTHETIEEIFIX 1 ElH 720 Off 25 HERET
BHDHTZHIZ EVSHE LTV EHEmd SN TE 7203, LCA 258 L TREITIRBEOBLA
bz Tilim T 2 ERH 5.

AR T LCCO2 MEE S & U TR S V7o E1TIERE 6.2 7 km (281725 HEV2 & EV O
LCC D#E, 253.0 THTH -7, RIZ, ZD =X h#% CO2 HEHEDHAIZ X 0 #RE
BOZRTHIL LS T 5 &, 2530 F M % 15.03[yen/kg-CO2] TRr L 72 fE ®
16,837[kg-CO2]DHEH EHINLETHH LA TE 5.

L2cL, EV %, SEEfE CO2 HEHED 9,200[kg-CO2], 10 /7 km ETIZHIT 5 ELT
BEPE D CO2 HEHEN 4,775[kg-CO2) THDH DT, ZOHIHEITERELBZ 5T TH
D ARAEETH D.

% ZC, KHEILAKETT, HEV2 W#aRiR : 15.03[yen/kg-CO2]? EV iz c X % @2
Al LT, RD2ODF VY FEHBEFTS.

o HMEEREEVIZEZD LCCO2BLVA = v/ a X oA (7.5.1)
o EUMIET T UADEFIZLDLA =¥ /a2 X NOHIE (7.5.2)
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7.5 EV B HERIC X 5 BB
7.5.1 HEEE EV

AHIT EV HAEANC L0 EHlRE & & ElA & B E L ST GE OB E 5
Br9 5. 6.1.1H#i TRz EV ORGERME CO2 JEH D, #iRE EV ORLEEERE CO2
Pe B A HERH 5.

R[0T, GV DT A 7 H A 7L CO2 Pt %, R RIERE 8.7%, HiEELM
4.7%, EITEERE 86.6% LA LT\ 5.

Z 2T, GVHRLEERME CO2Hkt &L, FMRUEERPE 8.7% &K OCRIE I 4.7%0 6, #
MHRLEE RS 64.9%, BOEEPE 35.1% & #HEGHT 5.

AREAZFANT, 6.1.1 THH L7 GV RUIEERE CO2 P B2+ D &,

o BMELEELR : 2,662[kg-CO2] ...<I>
SR 1,438[kg-CO2] ...<2>
CHERFTE B

EV O HI3EEL R CO2 PEH &1L, i~ ot 22815 CO2 &% EV & GV IXEH
ThHoDERETH. 6.1.1 TR L EV RIEERS CO2 PEHHEM (B ibEREETe)
NH<2>%ZW U T, EV OFRMELEERIZEBIT S CO2 &%, 7,762[kg-CO2]<3> &
5.

<B>EFHWT, HIRE EV 2D 3 3% — L 288 UCHEERNT 5.

o EHMLAZ T TFEMEHEIED 70%
o FEMLEETHEMEEHEIRED 50%
o EAZZLEMEHEIED 30%

T, A=V VAR RMNIEVOALA =Y /LaAXAbDHH 200 FHEZEMSE L TE

L TWDLD, EMEREOEFICELTCaX "RETILEDE L TRELT-.
Wz, BEEAVIZHE D BT X N KON CO2 HEHED B L2 HEFHT 5.
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Table 7.6
LCCO2 and LCC of EVs with Different Weights [kg-CO2][yen]

[kg-CO2] [yen] [yen] [yen]
Weight CO2 emissions LCC before ~ Amount of Tax LCC after
in the Taxation with 15.03 Taxaion
Manufacturing [yen/kg-CO2]

phase
EV 100% 9,200 4,216,545 210,044 4,426,589
EV 70% 6,871 3,582,681 170,739 3,753,421
EV 50% 5,319 3,160,106 144,536 3,304,642
EV 30% 3,766 2,737,531 118,332 2,855,863
PHEV 15,355 3,743,944 230,785 3,974,729
HEV2 16,735 2,923,842 251,527 3,175,369
GV 23,150 2,827,450 347,944 3,175,394

Assumption by the author using [81]and[30][42][56][59][62]-[70]

SCHR[BINITE R H O FETRE T 2K B ERN OV I 2 L—3 g Vifroh T,
HEEREORBELZROL IS K LTS, TR 0 JRETR OIE R OB ML
MERICHAIT 50T, HOBEMITRE N LICHE L2503, HERREIC ST D
DT EHLWEFETHD. [81]) b, HEREZELXGH (3,550kg) 7H, *
5%, 10%OHIFH CHI L 7=k N15, N30 L HWI1 £ — RETREOREMEOELE &
EEE L, MBEEOZ NS, N30 OF— RTiE, HIRDO 10%R &I L0 REHE N
2~3%HAT 5, EEEITTHD HWI B— FTIEZE DOEIRD RITHELDITEE D &
AL TS,

AIFEICB W TITEEFE TIE2 < 1500cc DFEAFZBEL TWAHETERDLD, K

WCEER EFREOREN ENRIAEND EE LT, 10%DOEE(IZE Y 2%KRE N
mETss0E LTHETS.
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LCC after Taxation with
15.03[yen/kg-CO2]

[yen]
4,500,000

3,000,000 - B e —
1,500,000 - I
0 -

EV(100%) EV(70%) EV(50%) EV(30%) PHEV

Fig.7.4 Comparison LCC of Right EVs and CEVs with 15.03[yen/kg-CO2]

AvTFrAaA MY, BEAIZEVELLLENLOERE LT,

AR 3K — o THERH L7 LCCO2 & LCC DR %, #EL L TV Wi (7 — b
Er# U C Table 7.6 12777

Table 7.6 DfEH &, GV, HEV, PHEV ® LCCO2 & Uf LCC % ki L C Table 7.7 |27
L, ZOH®D 15.03[yen/kg-CO2JiBitL D LCC % Fig. 74 \[ZHRT 5. K7 T 7 13HHHIC
MBLZE DO LCCZR LTV,

Fig.7.4 £V, EVEBEILIZL Y LCC 23k s LCC DRV HEV IZHT 35 Z L 0357 »
7=. EV50%# 5 & HEV Otk LCC OZEX, #9129 THICE TilrET 5.

6.3 Hi COHBICIBWTIRZ 7 AD EV &Moo HEFRE % i L7 BRITiEL, 15.03[yen/kg-
CO2QIDPFETIL, A =¥ /LT A RDOEHWZDHIZ EV O3 A MEAEITA T TV
Moo h, EEARIZEY

o A=Vx)LARANDORED

o HEMELEERE CO2 PR B DA K O D5y ORREBIED JfD
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LCC after Taxation with
15.03[yen/kg-CO2]
[yen]
4,500,000
3,000,000
1,500,000 :I I
0 T T T T T T
AN N N\ <\ N 3
IS < & & G
& o‘;& ¢
& &

Fig.7.5 Comparison LCC of Different Battery Cost’s EVs and CEVs with
15.03[yen/kg-CO2]

DRELSHNT, BBZ O LCC W HhEL 2D, &t LCC 23/hEWy HEV &k LT H
LCC R4 2 = LAV I 7=,

7.52 BHME LTV FTOEEICL B =% ba X kDOHIE

AEITIE, A=Y v /Lax hOEW EV OBEMAE S TR - 72556 %24E LT, LCC
DEACE NS B

FUEL TV AL, B A 200 B ERE L TRE L. AF<TlEL, [NEDO
PRAEA A B S AR BB R v — N~ 7 2008) [82]NDEAT T Y A, 2015
D 2020 FEDO 3 A N BEEZA 2010 FEMERED 1/5~3/10 2L T, RO 3 /X% —>2 T
LCC DEALZ 3T 5.

o MM : 200 T (FEHUE)
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o EEMMMAS : 40 T (B X FEEE1/S5LY)
o EEMLIAL : 60 T (FEHi= A FEEE3/10LD)

BB, A=Ux N3 R NSMNIE LW b DL LTEE L.

3 NE— VKON, EFED 15.03[yen/kg-CO2]7fFi% D LCC % Fig.7.5 IZKRT 5. K
77 ZIIMEEI IR BI% D LCC Z/R LTV 5.

mih = 2 h2s 1/5 OV 3/10 D EVIE, &b ZAfiZe HEV L0 & LCC 2MEL 725 Z &8
TR X T

6.3 HIZRBWTHHAEL T U FIZB W T, 15.03[yen/kg-CO2]FEPLE D LCC % Lo L 72 B
21X HEV & GV @ LCC BHET 5 DA T, EV & GV O LCCIZRE &N H 7.
ZOFEE, 12510 FHICHRATE. L, HIRBIRICE » EroMg2s 1/5 & L<
(X 13012335 &, EVO LCC R BIRS 725 Z LR S 7z,

73.18i, 73281k EV OHREHET TV ATl 15.03[yen/kg-CO2]DFLZR Tldfthd CEV
S LT LCC OEALENR ) > 72 BV 23, BE(LD LIXEma A NOFHIZ LY
b LCCHA/NEL 72D, A MENEDOEBWHEFRE L 725 2 &R rnoiz.

UL, BATOA =2 v b a X R RETE T 15.03 [yen/kg-CO2] Tldfh HifE & D7
R TE 720N BV 73, &b, BRANKHETRS T U A2 XLV LCC LY LCCO2 % [EiE
L, @mWax MEMEAZFERTEDLZ AR LTINS,

7.6 LK BREOEWIC X B EEFE

AREITIX, CBV ¥k TV ADEWNNILLFEHE BATHELZRS) 2250 CO2 HE
HE L RAENS ORI A FETS.

7.6.1 Hi T, BREEE D 2009 4 5 HICHE L2k AR A B B L kI > CEV % K& H
BTV AEHND. 7628 TiX, READ NREZRT X 2050 4F 80%H RO 7= &
Ta iz onT] BINTHEESNZ EV:100%> 7 U 4, KO EV:50%, PHEV:50% 7
VA ZHWD.
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Table 7.8
Projection of Sales of New CEVs [1000cars]

2010 2020 2030 2040 2050

EV 2.5 170.0 278.0 240.8 264.8
PHEV 3.0 349.0 625.0 709.0 620.2
HEV 198.0 1,118.0 1,160.0 1,148.0 1,118.0
GV 4,707.0 3,105.0 2,419.0 2,255.0 2,042.0

Data from Ministry of the Environment from [83]
Only car ( except bus, track and taxi )

Table 7.2

Projection of Possessions of New CEVs [1000cars]

2010 2020 2030 2040 2050

EV 2.5 668.0 2,144.0 2,863.0 3,266.0
PHEV 3.0 1,313.0 4,960.0 6,939.0 7,797.0
HEV 336.8 7,945.0 11,766.0 13,549.0 14,466.0
GV 65,449.0 55,156.0 40,776.0 32,468.0 27,704

Data from Ministry of the Environment from [83]
Only car ( except bus, track and taxi )
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CO2 emissions [10%t-CO2]
160

140
120 -

100 -
80 -
60 -
40 -
20 -+
0 - \ T T

2010 2020 2030 2040 2050

Fig.7.6 CO2 Emissions from CEVs

7.6.1 BAU >+ VU %

BREEE O WA H 8o KK (83112 L B CEV % K A48l OV B 58 6 20T I &
Table 7.8, Table 7.9 (2”7 F72 GVIL, CEVLS D TZOMmOFEME] & L THERFL
7.

6.1 fi TR CEV BIOBEANME (LCCO2) AW TRAEIL O CO2 PEHER
BROBURAEFIE T 5. 7ok, AREICIIEE B E 2R < RAED L2 3t RIHER LT,

£7, CO2 Pkt EAHERTT 2. BRIEITHES CO2 Pkt &E1T, RUEERE D CO2 HEit
BEHERGEERER U THE L., 72, BITICHEY COo2 HHEIE, FKEDOW KA
BT VED T 0 OF I H P EITIHRER77]. 2B D EITER CO2 BEHEZ T U CH
L7z,

FEHEND O CO2 RBEHEDOHES % Fig.7.6 12, BUNOHERS % Fig7.7 (7. 728
B IR A B A RS R L LCEHRE LTV 5.
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Tax Revenue[1012yen]

4
35 -
3

2.5
2
15 A
1
0.5 -
0 - 1 l 1 l

2010 2020 2030 2040 2050

Fig.7.7 Tax Revenue of CEVs

CEV O KIZ XV CO2 HEHEITAE 2 WA L, 2010 36T, 2020 4F : 0.94 1%, 2030
0 0.81 1%, 20404F : 0.73 £, 20504 : 0.67 5 ToH -7z,

CO2 JEH B DR I S IHAD T 5. Bl CO2 R & & [RIBRIZ, 2010 45k
T, 20204F : 0.94 1%, 20304F : 0.81 1%, 20404 : 0.73 %, 20504 : 0.67f5& 72 5.

ROIBUTIR BB AR RAEZ KR L LTV DT, BEBHEKZONZ, b
Ty LV EHEIIEEN TR, ENDEBDHIEORU E R L TH D &,
UL BAE OB BLA bR < BB EBERUREH O, 20104 : 0.52 1%, 2020 4 : 0.49 1%,
2030 4% : 0.42 %, 2040 4 : 0.38 1%, 20504 : 0.35(F & 72 o7=.

22 BBUEDFEERBL A bk < BB HEBIEBURFHEIX, 2009 40 BLRGRALL OB
HIHERLE RO CTRREF L 72 69,065 (5 1 [84] % FV /-

AWFIECIE, BB HEBERBIHIRU D 5 HE A B R A PR < EHEO GG TE T
Wiz, BEROBUIZH T DD FRE DT £ TE - TWRWD, BURHERFOBLEN D
HIORDIMEEDMLETH D.
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7.6.2 2050 4= EV:100%, EV:50%, PHEV:50%7 U %

ARTIE, BREEDO NEEHET A 2050 4 80%HIIKDO =D E Y = 2250\ T ) [8]HN
THRERINTZ EV:100%>F VU 4, KO EV:50%, PHEV:50%> 7 U 4026 HAHIG O
CO2 #aHEH & L BN ZF R T 5.

HERF74E1T, RUENERIEEE L, AIEND 2050 FME & O Tl L=/ 7 7 % Fig7.8 &
O Fig.7.9 12779, Fig.7.81%, 2050 0t H B2 Fr< FHED S D CO2 Pk EZ R
L, Fig7.9 1%, RU<KBEABEZRSFHELD ORI HEEBZRWTCEHZ R~ T.

77 7Wik, 761 #Hiv VA% BAU v+ U A4, EV:100% >+ U A4, EV:50%
PHEV50% >} VU A4 & XRd 5.

2010 4FfiEibk & LC 3FED T U 4D CO2 k& & Bl A i35 &, BAU v
U A 1% 2010 421 0.67 {5, EV:100%1% 0.44 {5, EV:50% PHEV:50%I% 0.51 {5 T o 7-.

2050 A= & 2010 > CO2 HEHHIT R % i35 &, BAU & U 4T 4.42 T5[t-CO2]
HIJ, EV:100%T 7.48 T J5[t-CO2]HIEK, EV:50% PHEV:50%TC 6.61 T J7[t-CO2]HIE &
A I,

HARSRD 2008 F1E CO2 ffEH & 12/ 1,600 J5[t-CO2] & bl LT, BAU 7 VU A
T 3.6%, EV:100%7TC 6.1%, EV:50% PHEV:50%C 5.4%DHIBEIR TH 5.
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CO2 emissions [10°t-CO2]

100
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Fig.7.8 CO2 Emissions of EV with Three Scenarios in 2050

Tax Revenue[1012yen]

3

2.5

2 -

1.5 -

1

T

BAU Scenario EV 100% EV 50%, PHEV 50%

Fig.7.9 Tax Revenue of EV with Three Scenarios in 2050
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7.7 T ua— 2 VAEAEICRIT AREARRBA OEWIC K DREFHM

AHEITIEL, BHE)VEAREL B AR TR WS TITo 725812 LCCO2 73 E 95 2 kT 5
EONTT S, WESILZ v — SVAEEIZ KD E AN DIE LY, AFETLY;, fHNL
TaNTRMT 270 Y, 27 o4 Fo— 0P HRPICELR L5500 72 R,

UL, RICHE—EEMEMCTHEZRB L LTRICEGE Y e A2 EH LT &
LTh, EICL > TREOBFMENER D720, BRHEMICKT 2 CO2 HEHEFH
MLDENZ LV BEEEMECHEH T 5 CO2 D ®EBE DD Z EMTHEND.

Z T —VEREICRBWT, EIREROEZ K BEERRE CO2 RED X DI
AT HONEHSHT L. AT, BAREPEZHICHETS.

RIR 7T rERIE, WOFIMETITH. £7, [JLCA-LCA 7 —%~—2 2004 FE 2 it
[85]DBLEREME LCA T— X 2Ny 7 7T RF—4% & LCHEFHHICHW S, BRI
%, LGB LCA 2» 0, FEHENORAELHIET 5. RICEARIIKHL, HRE
TRV —HEE CERR 15 4EERD) , Pk 14 FEEERREYD AP BHE T ERGE
(BREEAE, WAL 14 4 8 H) Hro ¥ — - EEHINRE B RBIEEIER[86]) DOIEATE
71 [kWh]dH 7= 0 O CO2 HethifR#z R UC, FEMEINDO DO CO2 et EZHEFHT 5.
oLl CO2 PEHiE %, TILCA-LCA 7 — & ~— X 2004 FHEH 2 i) i LCA DR
R CO2 PR ETRR L, RUEEM CO2 HEHED 5> HFEMEIOPEHEN HD 5 H
BT 5.

FORER, BB THERASN LI FERE OO ED, BEEME CO2 P&
ERIZEHD DEIA, 0.51 LH#HEE LT,

WIT, REDOkEE LTHOHETSEIX BV O 21T - 72, 10 iE— A THER
L TW% ELICA @ LCA #li (Jr#k GV ) [38]1% HW T, & ALREUE D & BERFE T
B HFEERBIERA S OPEMEN 5D 2EG 2 HGH L. TOMRIT, 047 Tho
7-.

o HEIO GV HEBEMICKITL2ENOHDHEIE 1 0.51

o HEFI@ EV BEBPEIHBITLENIOLEDLEIE 047

100



%5 7 Z Discussion

CO2 emissions in the manufacturing phase

[kgCO2]
15,000
10,000
5,000 - —
0 I
Japan China Japan China Japan ‘ China Japan ‘ China
EV PHEV HEV GV

Fig.7.10 CO2 Emissions in the Manufacturing Phase in China and Japan

Z T, ARTITERBEICED 2 FEME N OPHERIS A GV X 051, EV
1% 0.47, PHEV XUV HEV (X EV & GV OFHE LT 049 LGEL, 6.1.1 Hi TR 4
R CO2 HEH B L UC, FEMENIO OPHEEHEEE L 7.

WIZ, ROT-FEHE NN EEL, TEOBFRMENR B TS CO2 &R T
BT 5. PEOERBR YO CO2 PEHfR%%, [IEA, Energy Balances of OECD
Countries 2008, Energy Balances of Non-OECD Countries 2008 | [87]% T,

o [E : 0.86[kgCO2/kWh]
e FA:0.39[kgCO2/kWh]
L7z
fER %, Figl10IZIXURT 5. AR 8 B o co2 HEH &% =7
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HE & HARTHELE L7256 O CO2 R EITM L6 FHREO AN L WRER E R o T
PEHE DX, EV 239 5,200[kgCO2], PHEV 723#J 4,100 [kgCO2], HEV 7347 2,700
[kgCO2], GV A3%9 2,500 [kgCO2] T > 7=.

WIRTH DD, BLERMPEHED SV EVS PHEV IZ E R EELE L OENRRKE W L
DRI STz,

2010 4F 1 HiZ, KEOOEAFICH LT a b — i EH S b 2 EBAEK
SNTo. AWRIZINTIE, AEEMDP BN OSE ORFEBUI DOV TIIHFTTE THaW
0, EEHIOEWRRKE < CO2 P EICHET 2 2 Ny ol BREEEERE o i
AR DIRFERLORFHIAS B OB TH 5. ABLOFAAAZ WV CTAEEHOE N X 2 3
W BB O B AU DR 2 Bl FHIM A AN D 2 & T, BEBSHIBIRIE 5 ~ DIk 3 145
INhb.
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% 8 E Summery

% 8E Summery
81 F&¥

CO2 PEHHI B AR O 7o HERBERER PG L D F RN L END . BT A
T A TR LD BOR AL L, —ah—EHmaRA MK T
KRB —DIFEARCE R FZBEOE NVEZMEE S TS, T3, ba ¥BRPGET 5 A
7V y RE “FU DR, 2009 Fkb HATRE 2 7 —RELRo7.

LL, =2l —xtROMBEITHIRAIRE SN TERY, [FURERERLZEAL
2L LTHZEDOBARIC L > THBEF G AN DA By T 4 7TI3E D> TLE ).
— R 7 BN OB LV, HBEFOAHRIZENEENTWD Z L ICHEERZ FF-
7-.

BRGERLE RS 2 HBREDIE L BER L, WAZ(EET ZBOR & I3, Z DMK
WHFEDHFE R TH D, W< HEREIZE WA Th - T b e M 231007272
PSSO BE VR I 21T o T, BEER L E D b — 2 LV TORBEARITHE X T
LEH. BERERELIELGEWVST, 2EBASTTICHEHWDZIUTNWEIELE X720,
WHWEHZHE ORI DY T N — 2 LVOBREAMNEZR LA 2T 1 TBORD VB
BROTIERWD, TNz FHTLBOR LM E B R T
WHFERFED T > r— N T, BREERCREPE ShiE AR OVH B Bk & MR o e 7 U &
JEAToT.. TORRE, BREESBPEWIHEZ TH-oTh BREICRVWNL Lo T
ARNRT = U APELRL0TE, BATLZEITH L] WA LN
Ipolo. RERERSERICE, HEREITERLaA MEZE LA 2y T 0 TR
FCX WV EEZ T

ZZT, aAMNIEMLTEEL G2 ODRFEMIERAL, £/, "M 7V v FHE
(HEV) ®°EXHBHE (EV) OEEMERINTND 7 ) —r )V —— 2 L& %f
Gl L.

B1ETIE, F9EmRE LT, HERERLRR S CO2 B E IR, PBIEER 2 0fFi L
7=, RS, EEREHPI O CO2 HEHIHIN O BN & BREEE 3R B B EASEIC )T Sk
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2 8 E Summery

g v, R ERO ORI & L TRET STV 2 BRERBLOMERR G fitiy, K
WoE R O BB B A xR e+ 52 L, RORERAZ#RIT 52 EOEREBRA.
WA, BREZEOR L BRIEERRICBE T 2 BEAEARZEIC b, THEFEOITENCERT 21 vk
YT A THRE L TCIRFERMAEHAWDE R, E70,  HE)E B EA ] 0 SR
EBURDORERIZRT DB R R A Bl L7c. BRI, 1k Y U CHARRIZ LT E
ITEEREF 000 B BN EEBLH| ORFM &, BN, ZHEOER O CHEHMHE L T X 72BiAR
IZONWTRRTN S,

ARETIE, BHEMZE & DR E R L, RFEOFHMEOTELZ I 6 L.
AR D FRME T

® HENHESHERH BT, 7 —r oV —t—7 L oiliEEE OB AR &
ZRE L, IREBREHIMAIAATZZ &

® T AT7H A7 NaXNEFMEHOMMBEEICTRY A, 7 —raofo—E—
TNWVEBIROA T 4T ERBEIREFLIZZ L

® fERMERICHIFES N TE T, BREBEH (EV) , "7V v R (HEV) , 7
FZTA A7 Yy R (PHEV) KTV U U (GV) OTFA T7HA 7 A
RPN TF—=% (LCl 7 —%) #WEL, FA4 7% 47/ CO2 HEi&
(LCCO2) L TA4T7H A7 NaXx bk 20DBENPOLHEMICFHMELZZ &

T 260 THS.

>

F2ETIE, VAT LT V=T Y 77 a—F Il ESKERD Y AT LT WA

%

(\\9

T, B, ¥, MEEONGNOAT IRV E—ERESH L. &5
2, BRERERSEA T 4 TBORICH T 2 HBEEITENZ /0T L, ABUIRk 5%
Ka i L.

B ATETIE, BREHIET AMEER S L ORISR LCCO2 oEEM, QTR
FLORBN S DEE, @A T 4 TBEROKNE, KUODTA 7HA 73X D
BALIZ DN TR,

2
2
Fxr

3

=N
EFe L
%3
)
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V= F ==L, EROT YY) CHEEHE LT R—Z/LD CO2 HEHE
Wiel 72 DT, BEEMEOPEHEN 2RI SO HEER/HNT 5. S5ICEXH
BIEZE - TiE, MooHfE & i U CRIEBR PR 82 O b O RIEIZHINT 5.

ORGERRE CO2 PEHEAZ RFEBLEXFHIMAAALTEZ &, KOQ@ IV E TOEITERE
HOLORERGD G, SEREEZ T A 7 A 7V REREBE LT 2 LITAMEOR S
RERFETHY, FHEO—D2TH 5.

WSETIE, REFFE, ROREOT7L—LTU—7 200 THlkAZ, K7L —L4T—
70%, OV U AL LCCO2 KNLCC A Xy h U F—H _R— 2 THREIND.
F7-, OWEREORFAMEE QiBi%O LCC, OB, @OFAHEN DO CO2 Kk
' EEBOTIEEEZ AT 5. et LIERFABLLZ, EEROFEHEE S TE 25,
K OGHIEE A 7 L — AT — 2 L L TR A B LA, A7 L—AT— 7 ORETH
2.

% 6 mTIX, JATHISED LCA A XU MU T —4%ZH\\WT, CEV @ LCCO2 KT
LCC ZH#Eft L7z, T ETHIA IS TE 72 LCCO2 KX LCC A >Ry b F—
2z L, EV, PHEV, HEV, GV Zx{4(Z LCCO2 KT LCC DBLHN B A I FE
z1T->72.

LCC #Hili TI%, A = v ra X, ETEMEa X MIINZ, AUTF oA - fERE
BED a2 A MZOWTHEHME L7z, CEV DT —F 7 7 F ¥ Rt m B oEWIc L » T
HELDATFTUR R 7 = — AOREAEBE 2 T8, AFEOFBIMECHT- 5.

FEAf L 7= LCCO2 125 UCaltBi L7=BRIZ, CEV @ LCC 28 GV LV {/h &< 7R DR,
TP H GV O LCC s d 2P CEVEERRZ T LIz, TO/ME, ROBELE
LT,

® HEV2 Wiiifisg : 15.03[yen/kg-CO2]
® HEVI1 Wifiifis : 75.36[yen/kg-CO2]
® PHEV if#nfi : 117.6[yen/kg-CO2]
® BV fiffisg : 152.2[yen/kg-CO2]
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AL OfiE%, EkRF S TEMpis, LUGEBIAMEE & g LY
PEZMERR LTz, ZOfE%, HEV2 WlRFiR 15.03[yen/kg-CO2]i%, BRI CELH ) E O BLER
ThdAT o FOPLBL 42.20[yen/kg-CO2] L 0 H/h &<, BRM D CO2 HEH&EITxd 5
TRV BRI BLER 21.62[yen/kg-CO2] L VW H/hSWZ LRS-, LavL7s
N5, EV MO PHEV WHERRIZIZNOLOBRLI Y bE<, BEMRBIRLIIFOE
ZENgrol.

AP AFHAEO LB T, HEV2 Wliafi=R 15.03[yen/kg-CO2]i%, BATOL VU U Fi (HE
FEMBL R O MG R IBL) K0 SRBAHEAED 0.7 (51D 2 En3myinolz. &

BRBEA DN EAZ Mt LT 2 -ERTR IR L X R B A & HEV2 WHsfi=RD 7V Y
Y1 Uy MHTE D OB AL, HEREDRLXIRPIE A TIiX 46.02[yen/L], HEV2
WHAFISE ClT 41.3[yen/L] & IEF I VMEZ EBLTX 5 2 LR 0oz,

7272 L, HEV2 BN¥i#z3 % CEV E#EHL= 15.03[yen/kg-CO2]I% _ffb/kF%E 1 b 47
D ORFAER 1 J[yen/t-CO2] L D KEWIZDRBREMA L L TUIEWHERTH D LD
WMREZ NS, LrLaenn, RBULEESERICK L CHBLT 5 — I 72 RERLTIX
72 < HEEBIHBLHNICAET DB A5 E LT\ 5. HENEREH-CH B E &R &
OB EFERERIH O S B Y Y R GEIEIEBL OHUOG I ML) (AR L TARRHARL
ZBALTZE LT GV XU HEV ORBAHERA T 5 &, BT ORRBLAHARO B
10 THMICINE Y, BRIV AHEEZZH TE 5 Z LvRani.

HEV2 #Wi#sfi3 15.03[yen/kg-CO2]i%, #iBhe<CUFL7e LIZ HEV & GV @ LCC Oifitis

HEBTLHRTHD. sSEOBAFOBSLHAT O AHEE ) DA D LLEREE 21T -
7o, TORER, ABLE 15.03[yen/kg-CO2]ILFREFI A AR 2 KIEICH S5 Z L 72 <,
DD, BN 21T O Z L CO2 HEHEITH LA E W) FERICK - T
HEVIZAZA M BT 4 T2 52252 LR ARETHY, CEVEBBIFE L T4
DEWEHIfFFcEs2 4R LT,

LU D, EVIEA =3 v /b3 XA MR RINZDIZ HEV2 WHEBIE Tl = A ME
Witz T Z E N TERY. £ 2T, EVO LCC ZREBLSNOERNT/hELT5HF
U A %Z5 8 FECThotr L.
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%8 ETIX, H 7 ETRKD/ CEVEBBEO LZYMREWE THELE
15.03[yen/kg-CO2]BL £ %2 FHN T, v U A DOEWIC X A ETME 21T VWL TO Z & &R

L.

® LCA &RITIEFL L7256 D3R
> EITBEEO LT DR TlL, PHEV <° HEV X F—Z L OHEHE TIX

EV EDEMNNSWIZHEADL LT, ETEMOLOPHEIZIGCT BV LV
L HBlEnTLEY 2k

CEV [ZEITEFEOMBIFHN /NS <725, ZOMAIL EV X° PHEV IZE K&
<, ¥k CEV 3% &35 & EITEMED A OFEBLCIIAR B8 03 K (2 s )
THZE

® EATHRREDE T K D BT

>

EV (THEITHERE 6.2 7 km 235212, ZH LU T OMEITIERETIZ LCCO2 D
MPEER TN &
LCCO2 1% 2.6 7 km LA N T, HEV 2 H/hE< GV, PHEV, EV &fi<.
2.6 75 km~3.4 )7 km CiZ HEV, R\ T PHEV 28NSV, #EITEREEN E U
-2 oTIE, XFTLE EVAELTWS EIFEZT, $HZ 2.6 5 km
UTOHBEITEV LY GVOINEEHEIT/NESL 25 2 L
H AR O EATIRRE & LB Z B89 5 &, MEITIRRED FA1TK) 7
7 km A% TH Y, FHRR—FIZL > TUXEVAE L TWDHDS, HBETT
FREEIC Lo Tl 95 CEV 138705, ABUIMAEITIEREIZIS U T LCCO2
EHPAAICKMETE D0, HEENHADICHE L CEV 23R 2 X 9’
ETE LN H L Z &
—fREZ CEV (X, 1 BIFeiE Y7 0 OESTATRERREL G, MR —V
\ZI% BV, FHEEf=—I2IX PEHV, R —P12iX HEV AZEE LW &
SONTE. LnLRnb, BEEED CO2 2 BB LTIA4 7% A 7
BRO CO2ZMET DL, METHEMALZERTOLENHDLZ L
HEl bt Th 5 AARICBW T, RS 7 < ETHBENE V&
i E L —PREBRE A T HZ RTINS, ZRETIEEREIX 1 [
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STV OFERPEEBECHH7-DIZ EV R L TWA EFEmA STz
2, LCA Z#BJE L TRETHEMEOBLALIMZ Tiin T 2 NERHH Z &
® EV BT & 2 s BT
> EVIFBLR LY 50%BET 52 & T, ikd LCC DIKVWHEV L ¥ 5 2 &
> 2050 FEOEMAME TV ADOaT AN 1/5 & 3/10 TiX, &b LCC DKW
HEV LY & LCCAV/NEL b 2 b
> BESCEMIA MO TR Y EV O SN ED X, HEV2 s
15.03[yen/kg-CO2]DOPLHR T, EV IZE > Th a A MEMMZR/-®25 Z Ln
AIECH D Z &
® N HIZEDET X B AR
> BAU v U ATiE, CO2 HEH&EITH 2 L, 2010 43T, 2020 4F :
0.94 1%, 20304 : 0.81 %, 20404 : 0.73 1%, 20504 : 0.67f5& 72D &
> 2050 & 2010 F-D CO2 HEHIHI R % ik 3% &, BAU > U AT 442 F
7 [t-CO2] Ell J8k, EV:100% > F U 4 T 748 T 5 [t-CO2] Hl 8, EV:50%
PHEV:50%3 7 U 4 C 6.61 T J[t-CO2HI & 725 = &
® u— LAEREICEIT D BRE AR HALOE M X D R
> AEEOEOE, BFEERICEY CO2 PEHREN RS-0, BEEREO
CO2 PR ERICRE R EL 52 5. TEE BATRIE L2856 0 RIEBREHE
HET, K L6 fEPEOTNRZ N &
> ARBLOMSHL I % I CTAERE R O T X 5 S PERE 00 BR 55 B e O R & Bl %
FHTHAAND Z & T, EIEHIBBIE G ~DISHR IR S s 2 &

Uk, 7V—rxt == VERDTHD LCA % T RFEBEFT OV A
DNWTHUR LT, BV M RAS B W TR C X 7 < 72 2 LGB O BREE AT IC 25 B
L, ZHVE CTOETEBETLOMBALZID LCA BEREEBR LIS AT ARG L
7-.

FIARFIETIE, HLOVBREENALT LE T4 74 7V EEROBREAN IS

VIR B9, A TEEEECHE A FERRTIC K > C PHEV X° EV @ CO2 HEHHE O/ S S35

109



Paxaxd

% 8 E Summery

BT D28, SHICAVT TR HERBREOFRLa A MY CEV IR 52 L%
wLTz.

ZhiE, BUEREMIICITOIL TV D = a2 — BB & lc ki LCTA vy T 4 75K
FORFBLODH D FHIZ, OEDOHRZLEXTWSEEZD. BHIZF—H /LD CO2
PR AN S VG L TRiBI ORI A 1 532 O Tlde <, RBUZXY 74 74
A 7 VARG LCCO2 I UCHBLT 2 2 & T, MEE SN HE O AR ETH
HELZIS U T b= 1r0 CO2 HEHEDN/INS K 2D Hf 2 @I, X0 EBiAH & U LCC 23
NS B X BEOEETEIZ 2 b — L TE L AEEMERH 5.

S HIZ—J5T, PHEV X EV (XTI DAEERN ERDH 2 LT, =2 v /b a A R/
S B 2 LR, EMOEMERIC X DIRME(E N RIAEND. E£7z, HleREL )
T4 ELTHERE EVICED20EVEVHAELEY T 0 OFREMOIER SN TW5. EV
DA =T F b3 A b ERPEHN S UL, AFZETRO TR R LV &/ S iRk T
EV D LCC Wi 25 Z ENAEETH 5.

EVIIA =%V a R ERETELOIL, MCEVED T4 7 A 78T 5H =
A MENVEZ T Z LIFEE LV S, 2050 SEEE LS DK T > T U A D 1/5~3/10 Eith =
A MNEMESE A2 BETIUE, Bk EVISH L TH ARG 7 L— AU —7 2RV REME
AT A TRE LT, fBESLCEBLORDVITHREMIZHWDS ZE b ARETH D &
Wrrshs.

Z IS OEMFHTe = VX — kg ORFFZAL, EESFROE EIC LD a2 MR ZE

AT I 2 L—a U EE AN, KO & O T B ME O R 23
SBOMETHS.
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KFEEAT O HTZY, T SADT 2PN BEWTfRELWEEE L. &
THETEEIRLTZLEITEEEAD, LD DO EZIAD THEKE~OHIL AR
Ao BnET

BB E OB REIZIL, RATHIEO VAT E 005 720> RSV D b T8 TEL
D7 THREZ 72X E L, ARSI MEe B8, W OMifE & 13 mhy, fhav AT
LTYA BT 2FHO O, EESICEAT 290 E BT 72Dl 205 X
X7y, SDM WFFEDAME & 1372 &, 72 SADHEZX EZTHEE Lz, HFROBLSEZMY,
HERREADOELZRE LD EELDHEWNH -T2 bTY . §lEkERAEDT
THMEETIHE RN S, 7a— S URfFREO—B & L TIERES Lifoh b X9,
S B EBIIC T ¥ LY L, RICHEBRRT DM ORPLH7E2 R L TS L
AR SRS

BIEDREZHIZITIE, VAT LA Y=T Y U IOfE S, [FEESES THANE S
Ly DM Z 2 CIHE £ L7-. F72 Delft University of Technology ~® AL 7 D
F v o AETEHE, EHENC TANEDOHSWDR RO RUITHS. (LB ANEDDRHNRY
O o TLKDHIE] LWHBEELXHEZELL., ZOFEL, WERFLZLTAS D
T o LHENE LTNZHATHET.

R OIS IEREMERIZ T, BPIAMN O SAOFEERDSEHEE L,
O TEICTHEECEESVWE L.

er RIE—ZiZI2iE, WHERBBHEOE - AZETHH - Lo oG, BEHART
BEEATSSATEZELE. Homo L2z ARSI TWRWE D iAo Tk &
HENOL DREEGHEBRIYE L, WOb TEIZHRA T EENELL.

IMS 7A7 47777 bU— (F—~ 13) Ti&, HAOXHEOH TREEER T
BATHEELE.
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BBURY: KM SCERIRITIE, T4 79 A 7 AFHIOHISE « 087 O J7 I DV TR
EEEL THREEWCEEE L, BAER) =X 2D oD IFF ~S NS THW
Mo %, BEQTHEEICMAAMEEZED L Z N TEE L. LDEVEGHHWELE
7.

N3z AEhEgkstt JIBEB B RICIE, BRSO & TR D DR R Y
NIRVNEEDOEERTIREAZTEES E L. £ROMIEE, NS AT R3A ZATEND
SRET RLX — L OHEVNBIAE o T E T BRERER S S IEEE, £ L CHEM
ZIRAET D RZEN LD L O IR FTREAE S ITxHIRF L TV < s R x L F—ITHHE %
T2 el bR L ET.

WFRTE NBGERF AT o 7 —  \RKE—RIL, RERERIZH L T0ob TEICE
HARTHEEEZ LIV E Lz, HREOSFETHEW: ZHRES DB Z, A E0#HFET
b AR LR O EEAED TEE L.

MSEENPEREBATREWIZEET  FHEIK, HKERRASE LR K, RSt
HSZBUERT BIERAR, USSR SC 8 U ERT LB =R, EAA®R TERAStT
WA — B, ZEEEESHE HIIMK, =28 at sRERcbLExUh
MWNEEDTL SAOERLTIREATEE L Lz, BECHIZEFTOE M TIERSh
TWBHERENSDa Ay NOESOEORE THHEEELS, REMMIZARD L.

Delft University of Technology TPM DA FIZH EHE/R ZTHHE 27 SATHEE E L.
Zofia Lukszo WEZHZIT1E, WHET DR —N—NA P —%2 B xZ T IEEY, By
WETENRDST-FAML, REBLITHEICTHRELEIVWELE., A7 XL HAD
BRSO, 3 —1 v ORIV X—BURZ2 EORBEOHR BT, WEIN TR
T HEROULDFENS, BEREZHZ TWZlZEE L.

Jan Annema HEFIZIZIX, BT —~ D b GRSCOMFSEO HFMEIZBE L T < &
DT RRA Z%&LTEEWE LTz, Ab Stevels HIZI21E, BERILDA h—V —0F7 —
S DFHITIERET- SADOEBER T EATHE £ L7z, Paulien Herder #EH(RIZIT,
TPM D H72 53, BT HHFERT-OMAT 58, MR FDEAEFICE RN LW E T
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EERICX LT, RERBRNPSENWR—- 2L TEsnELE.

B BHERIE, BFOERE, IMEXICOWTRKEEERBSEALLEFIVEL.
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EFZE BRI IMEX R ET SADEERT KA 22L& NE L.
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ERNET. WEPFR L 7 m 7 TRELHEEES N TE 20, EA<EL TS -
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SADEERIHESHHEETELE.

AR IEESZ L, T—%T 27T 4 7B I0HT, HEVAT AT —FT 77 4
BT 27K SADEERTHREAZEEE L. VAT LD V=T VU TDEH—
NEDRNEND, EAREMICL TEIZEZ TLIZEY, L SADRMEZTHE E

L7z,

BEEHBEIIL, EEERSCMEN DAL DA o= —va Vi PEER TREE
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Japanese government has enhanced various kinds of environmental policies towards the low-carbon society. The objective of this study is to
design environmental taxation system in order to promote environmentally friendly products. This paper proposes an environmental taxation
scheme for clean energy vehicle's (CEV) by using LCCO2 emissions through three phases; material production phase, manufacturing phase,
and running phase. The idea comes from the estimation that the rate of manufacturing phase in LCCO2 increases as the CEV's penetration
grows. The simulation results shows that the CEVs has less life cycle costs than conventional gasoline cars with a certain rate of the
environmental tax which will help consumers to choose CEVs. Some problems such as reduction of the total tax are discussed as well.

1. [FL®HIC L, "7V v RE (HEV) REXBEE (EV) &
11 B E®D CEV IZBWTIE, EfTEBOT R LF—HFAE CO2

BLRFIE Cool Earth 50 Z##IMKRFIEES< D ITHIT TR
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CO2 PR EHIBUC B W TR R Z B C& iz, —FoRA
ERF Ikt % 5t & LT, Cool Earth 50 T, BFFIZIERD
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LT TOBE NIRRT REMEVUMNT D E LTV, BAEMIC
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AWTWELBEETHD EWZD.

—75, SRR (external diseconomy) % HidGEE DM
IR ATDRBEIEE OO L S & L TBRERNRITEN
TV T T A X RHRCHEEFED IR X7
— VACHEBERET HIPUEEIC LV, BREIRLER SO
HEAETLOTHD. BEAE, B0 Y —Abokkit
ZEDBREIRL D BARR (CERE 20 4 11 A) P2 i LT 5.

H BB BLHIL, Z N E CTEITEEORE R AT RV
F—2 PPN SN TE . YU VHEIZBW T,
EATEPED T R — AR CO2 HEHENERIIC KX
W, BEIE R BT BRIC I BT 0O B A A3 T
BEEDDHNETH D, BEEE OBIHIROLCEIN OB B
IZBWTH, EfTEEOFAZILF— CO2 HEHIZXT L
TBiE T 2h%THS.

HEH BN L, 94 794 72 V2KOBREEATIIN/NEL 7
50T, T4 7Y A 7 NREO T CREB OB B AR
HODLEEAHIMLTL 5. 2L, BEEFoEE I
THY IV U EI) HEEEERMEICATMARETWZ L E, VT
IV E CO2 HEHEFHEADIRWVERE =R AX—JRE T
5 LICEET OO,

BRROEHIZ LY A BB ERH O S TIFZE T, BB K
Bl b LT RBLOMi B &BOR 72 & ORI X B 8
SNTWDHMN,CEVICE o THEIEL I BERM A2 EE LT
FNEZRVN, F 2 TR T, ETBME KL UL By T 5
LCCO2 % BB LRI OV A DORRET &+ OMRGLEE
iTo7~.

2. BRSO

BT O BB HEEER NI EROMIR L L To&E & B
EROBUC L o TSN TV, fl 2 IXE B EERIT,
EROMEZ L% BRICEENNICIRBUE RN R 5 B BB
ThHDIIx L, BEEIGHUIEIRBLE L CRUNER % B
B &3 DM AR E V.
AWFFECTRFTT DBRERIZ, MR E L TidaMiis LT
DOHSBEZ kG S D ORI, Haeiko co2 g%
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ABREEBERFHC BT 2Rk %&, 2, HEE, BUNORT
— 7 RV H —4EZ Fig.1 \ZRT.
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Fig.1 Requirement for environmental tax designing
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Fig.2 Life cycle process for the assessment ( LCCO2 )

3. REROFET A (EAREED

BT BB BERIS] &, HEBLZ RV TR TABLC
Bz DR CRRF 21T O .

F9°, PIRERGTDRHEE 722 CEV IO LCCO2 B4 4
B9 5. LCCO2 Oxt4id, Fig2 (TR7 Y CEV [EA ol
BepE L pEREMR SN TE I ETEREZ & TR =R

MBUERME | EITEIRE) O 3RS T 5.
WIZ, CEV EK TG, £44F0 CBV 5 CO2 e 45

HL, BHENLO CO2RPEHREZRD D, &ZIZ, BifEL
[RIFEEE DB A HEFE L, 75@%4%1%:%%%753‘1&“%;: = VA

T4 T ERY,
AN TR ST A

WZAMAEWES TIEHR E D L9

EHROEKRMERET (GEHERED)

4-1 HEER

*% CEV X, 7YV VH (GV), A 7Y v FHE (HEV),
7574 ‘//\4’7“) v RE (PHEV), EXHBH (EV) &7
5. HEREIX 1500cc ZHET 5.

728, PHEV IZ2oWTIIABENTWBE T —& 2307 < fi
DIEBLDEHLREND-2720, LCCO2 X’ A k% HEV &
EV ORI & E U CHER L7z,

4-2 IRIEG&RE (LCCO2) MiLiE

BER P L EITEEEO LCCO2 & BITHIE L v L
Table.1 12773 WO, HEV OBLEREIIT —Z BRAR ST
RN, GV O 11 ETHERF L0, E72, EITEEEIX 10
7 km E1TE LTEHE L. GV D AEITEERS O HEH B3 ik By
B PRI U TR 4.6 fE 72 DIk L, EV IZEFTERE L v ¢ 8uik
EEPED D 1.9 152\, RIEEEOZIA M GV Ll L TR E
WODM CEV O TH 5.

Table.1 LCCO2 of manufacturing or running phase [kg-CO2]

Manufacturing Running
EV 9,200 4,775
HEV 4,510 12,225
PHEV 6,855 8,500
GV 4,100 19,050

$<Manufacturing phase: quotation from(4)

#Running phase: supposition by author as hundred thousand km from
®)

SXEV: lithium-ion rechargeable battery

4-3CEVEREH - REBHTA
B oYM BB EE K DIC K D CEV ¥ &AL O

BARBES

ARFEEE T HIME A Table.2, Table3 IZ:R"9. £7- GV IiE, CEV
PSho TZ2ofofefE) & UCHEF L.

4-4 LD CEV 3 CO2 L EF A

4-2, 4-3 TR 7= CEV BlOERFEAM & (LCCO2) &Kt
BROFHEPRITTEEE T CCEHEAE L, £4E0 CEV 5] CO2
MHEH B % Fig3 279, CEV O RIZEOPEH Bl L
TW< . %7 HEV 1%, CEV O T T8 &k EEAERNZZL W
728, CO2 MPEHEN K& <Bnd 5.

Table.2 Projection of sales of new CEV [1000cars]

2009 2010 2020 2030 2040 2050
EV 0.0 2.5 170.0 | 278.0 | 240.8 | 264.8
HEV 140.0 | 198.0 [ 1,118.0 | 1,160.0 | 1,148.0 [ 1,118.0
PHEV 0.0 3.0 349.0] 625.0] 709.0| 6202
GV 4,762.0 | 4,707.0 | 3,105.0 [ 2,419.0 | 2,255.0 |2,042.0

$¢Data from Ministry of the Environment (7)
$¢Only car (except bus, track and taxi)

Table.3 Projection of possession of CEV [1000cars]

2009 2010 2020 2030 2040 2050
EV 0.0 2.5 668.0| 2,144.0 | 2,863.0 | 3,266.0
HEV 140.0 336.8 | 7,945.0 | 11,766.0 | 13,549.0 | 14,466.0
PHEV 0.0 3.0 1,313.0 [ 4,960.0 [ 6,939.0 | 7,797.0
GV 65,985.0 | 65,449.0 | 55,156.0 | 40,776.0 | 32,468.0 | 27,704.0
$¢Data from Ministry of the Environment (7)
$<Only car (except bus, track and taxi)
200.0
180.0 —
160. 0 —
140.0 —
§ 120.0 —
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Fig.3 Amount of CO2 emissions from CEVs
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Table.4 Initial cost and running cost
[yen]

Initial cost Ruuning cost
EV 4,000,000 564,385
HEV 2,000,000 710,682
PHEV 3,000,000 637,534
GV 1,200,000 1,131,290

$Initial cost : assumption by the authors
$¢Running cost : supposition by the authors from (5)(8)
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Table.5 Tax rate (amount of taxation / amount of CO2
emissions)
[yen/g-CO2]
2009 2010 2020 2030 2040 2050
1) | 0.00540 | 0.00543 [ 0.00583 | 0.00694 | 0.00786 | 0.00856
2) | 0.00549 | 0.00552 | 0.00594 | 0.00710 | 0.00806 | 0.00878

2% 1) Taxation of manufacturing and running phase
$X2) Taxation of running phase
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Fig.4 LCC taxation of manufacturing and running phase
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Fig.5 LCC taxation of running phase
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Extended Abstract

Japanese government has introduced several policies on environmental issues aiming at low
carbon emission society in the future. Dramatic reduction of CO2 is required particularly in
transportation sector since it is a major source of the emission today. Therefore, the government
decided to promote Clean Energy Vehicle (CEV) such as Electric Vehicle (EV), Hybrid Electric
Vehicle (HEV) and Plug-in Hybrid Electric Vehicle (PHEV). It introduced tax reduction on
purchasing environmental-friendly cars. As a result, “PRIUS”, a hybrid electric car of Toyota,
has recorded dramatic sales increase recently and been the most popular car in Japan since May
2009.

However, taxation on automobile is not well designed for the purpose of reducing CO2
emission in Japan. In fact, there is no direct relation between the tax and the emission.
Furthermore, the taxation system has very complicated structure since the government has been
adding new purposes and new functions one after another historically. Therefore, this paper
proposes new efficient taxation system on automobile that promote introduction of CEV in
Japan considering both life-cycle of CO2 (LCCO2) and life-cycle cost (LCC).

Some country, especially in Europe, has already introduced taxation system on carbon
emission[1]. It is only on driving phase today that governments impose tax according to energy
consumption and CO2 emission. The system has been working well for traditional gasoline
vehicle (GV) since driving is a major source of the consumption and the emission. However,
manufacturing phase becomes a major source of CO2 emission when CEV is widely introduced
to society [2][3]. The fact is that approximately 20% of CO2 emission is caused both in
manufacturing phase and in maintenance phase for GV, while approximately 40% is caused only
in manufacturing phase for CEV [4].

Furthermore, life-cycle cost assessment should be considered both in manufacturing phase
and in maintenance phase as well. It is because that CEV has different components and system
structure depending on the type of vehicle and thus requires different maintenance activities and

steps. For example, HEV requires more maintenance cost than GV [5]. EV has fewer

M4SM Workshop in the frame of EUROMAINTENANCEZ2010 Conference, 2010
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components than GV and thus requires less maintenance cost. Therefore, two different measures
such as LCCO2 and LCC are utilized together so that CEV is appropriately evaluated
throughout its life cycle both in environment aspect and in cost aspect.

In this paper, the authors firstly analyze requirements for carbon taxation from the aspects
of three stakeholders; government, company and consumer. Government requires maintaining
tax revenue and reducing totally CO2 emission. Company requires motivation to develop
environmental-friendly technology and further expand the market. Consumer requires taxation
which is easy to understand and acceptable. In addition, consumer requires motivation to
purchase environmental-friendly products as well. Secondly, the authors calculate life cycle cost
of different types of vehicle using different tax rates. The tax rates are extracted from
conventional studies.

The result shows the following findings. First, carbon taxation only on driving is likely to
dramatically reduce total tax revenue of the government since CEV emits few CO2 at the time
of driving. Second, HEV has less life cycle costs than GV at carbon tax rate of
“0.114yen-gC0O2”. In any other cases, GV has the least life cycle cost. The rate of
“0.114yen-gCO2” is 3 to 5 times higher than the carbon tax rate in Europe and five times higher
than Japanese gasoline tax rate today. In addition, under-utilized EV emits more LCCO2 than
other types of vehicle since EV emits a lot of CO2 in manufacturing phase.

In summary, this paper evaluates life-cycle cost of CEV, considering carbon taxation, not
only in driving phase but also in manufacturing phase and maintenance phase and therefore

shows useful findings which conventional studies have never stated before.
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THE CARBON TAXATION BY USING LCA INCLUDING THE MANUFACTURING PHASE
FOR CLEAN ENERGY VEHICLES
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The paper proposes a carbon taxation scheme using LCA, which can provide consumers with an incentive to
choose vehicles with lower CO2 emissions vehicles. This taxation scheme has two major measures: life cycle
CO2 emissions, and life cycle cost, considered not only in the utilisation phase but also in the manufacturing and
maintenance phases. The authors figure out the tax rate 15.03[yen/kg-CO2], which makes the hybrid electric
vehicle’s life cycle cost less than that of conventional gasoline vehicles, and is less than the existing gasoline tax
rates in Japan and Europe. Electric vehicles are becoming more feasible as the life cycle cost is dramatically
reduced. The proposed tax system enables consumers themselves to choose the best option of CEVs, depending
on their specific needs such as lifetime driving distance, lifetime use and maintenance requirements.

Key Words: Clean Energy Vehicles, Carbon Tax, Life Cycle CO2, Life Cycle Cost

1 INTRODUCTION

The target set by 80% of developed countries to reduce CO2 emissions by more than 50% in the world by 2050 was
supported by major advanced countries at the L’ Aquila summit in 2009. This reinforces the encouragement to countries to aim
at attaining a low carbon society.

A dramatic reduction of CO2 is required particularly in the transportation sector, since it is a major source of emissions
today. Therefore, some governments including Japan, promote Clean Energy Vehicles (CEVs), such as Electric Vehicles (EVs),
Hybrid Electric Vehicles (HEVs) and Plug-in Hybrid Electric Vehicles (PHEVs). Global competition in such CEVs
technologies is expected to become more intense. CEVs and conventional gasoline vehicles have been compared using
LCA[1][2][3][4] from the views of environmental and economics, and governments and automobile companies are seeking a
strategic portfolio for succeeding next generations.

In Japan, the ’PRIUS’, a hybrid electric car produced by Toyota Corporation, recorded a dramatic sales increase and was
the most popular car in 2009 in Japan because the government introduced tax reductions and subsidies on purchase of
environmentally friendly cars.

The effect of tax rebates for car owners in Switzerland was analysed comparing different regulations among several
cantons, and it was shown the tax rebates influenced the number of sales of hybrid vehicles [5]. A study analysed that recent
change in vehicle registration taxation and annual motor tax in Ireland had a significant impact purchasing trends by
supporting lower emission vehicles [6]. The effects of the different vehicle technologies in terms of total GHG emissions in
Belgium were studied using the MARKAL-TIMES model in [7].

These discussions were, however, only focused on the efficiency of the utilisation such as fuel consumptions, vehicle sizes
and CO2 emission level per km. The characteristic of CEVs differs from that of conventional GVs, in terms of LCCO2 not
only in the utilisation phase but also in the manufacturing phase. There is no study discussed environmental schemes and
policies focusing on the difference of the manufacturing phase using LCA.

In addition, the taxing of automobiles is a very complicated structure with many purposes and functions, historically in
Japan, since the government has continually added new purposes and new functions to automobile taxation. The government is
under pressure to take an innovative step to change and improve taxation systems substantially while expecting the entire
social system to achieve a drastic reduction in CO2 emissions, not merely partial additions and changes.

This paper designs a form of carbon taxation that encourages consumers to choose lower CO2 emission CEVs throughout
the life cycle. This taxation aims to reflect LCCO2 on LCC and consumer behaviour directly, and hence it assesses not only the



utilisation, but also the manufacturing phases, and is thus able to calculate total CO2 emissions fairly across several types of
CEV. Furthermore, the life cycle cost (LCC), which includes initial, utilisation and maintenance costs, works as an incentive in
case of low cost.

This paper is structured as follows: Firstly, Section two describes the problem of definition, and the requirements of the
analysis, including the system boundaries and selecting targeted products. Section three describes the design of the taxation
steps. Section four calculates and evaluates the tax rates from the viewpoint of life cycle cost worked as an incentive. Section
five evaluates tax rates using various scenarios. Finally, some concluding remarks are provided.

2  PROBLEM DEFINITION

This section discusses the following three problems:
e  The change of the LCCO2 ratio in the manufacturing phase ( -2.1-)
e  Lower LCC with the carbon tax can promote environmentally friendly products ( -2.2-)
e  Requirement analysis from the stake-holder aspects ( -2.3-)

In order to promote CEVs, it is necessary to ensure that consumers feel that CEVs are attractive vehicles. Designing
carbon tax that reflects LCCO2 makes it possible to reduce CO2 emissions, by promoting fewer LCCO2 CEVs. Analysing the
LCCO2 ratio in manufacturing phase is important for proper evaluation, since CEVs have a specific character in the
manufacturing phase. At the same time, consumers consider cost effectiveness throughout the life cycle. To design the taxation,
it is necessary to create incentives for consumers to make cost effective decisions.

2.1  The change in the LCCO2 ratio in the manufacturing phase

Today it is only in the utilisation phase that governments impose tax according to energy consumption and CO2 emissions.
This system has worked well for traditional gasoline vehicles (GVs), in which utilisation is a major source of CO2 emissions.
However the character of CEVs differs from that of conventional GVs, in the LCCO2 aspect.

CEVs require more CO2 emissions in the manufacturing phase than GVs. CEVs produce fewer emissions in the utilisation
phase, and reduce total emissions overall. In particular, the ratio of emissions in the manufacturing phase becomes larger. This
is because create more emissions in the material production and manufacturing phase, and use rare metals to implement the
environmental technologies. In addition, CEVs use electrical energy, which produces lower CO2 emissions than gasoline

(11[3]-

12 The manufacturing phase becomes a major source of
1.0 SE— CO2 emissions when CEVs are introduced extensively
0.8 into society. Figure 1 shows diagrammatically the ratio of
' scrapandrecycle LCCO2 of the ‘PRIUS’, adapted from [8] (Comparison
0.6 H maintenance LCCO2 of ‘Prius’ and Gasoline Vehicle (same weight
04 utilisation class)). The fact is that approximately 20% of CO2

= manufacturing emissions are created in the manufacturing phase of GVs,
0.2 whereas approximately that of ‘PRIUS’ is 40% [8].
00 - . - . B material production

gasoline vehicle, 'Prius'
same weight class
Figure 1. Comparison LCCO2 of ‘Prius’ and Gasoline Vehicle ( same weight class )

Adapted from Toyota Motor co., Ltd., LCA for ‘Prius’ [§]

2.2 Lower LCC with the carbon tax can promote environmentally friendly products

It is easy to understand that cost efficiency is important to consumers when choosing products. Current automobile
incentive taxation policies mainly reduce the initial purchasing cost of CEVs. The entire cost throughout the life cycle is not
discussed, because utilising cost differs depending on consumers’ driving distances and the product’s life time.

Previous studies have focused on tax reductions or subsidy policies targeted at the utilisation phase, and aimed mainly at
improving fuel efficiency[5][6]. However, changing CO2 emissions in the manufacturing phase by developing new technology



has not been discussed. In addition, LCC has been discussed in terms of manufacturing cost and battery cost, but there has
been no focus on inspection and testing costs in the maintenance phase. This paper evaluates the life-cycle CO2 and cost of
CEVs, and considers carbon taxation, not only in the utilising phase, but also in the manufacturing and maintenance phases. It
therefore shows what conventional studies have not thus far stated.

Therefore, this paper proposes a new efficient taxation system for automobiles in Japan that considers both the life-cycle
CO2 emissions (LCCO2) and the life-cycle cost (LCC).

2.3  Requirement analysis

Firstly, each stakeholder’s requirements are analysed. The stakeholders’ requirements concerning carbon taxation from the
viewpoints of three stakeholders’: the government, companies and consumers. The government seeks to reduce total social
CO2 emissions, to maintain tax revenues, to motivate consumers to buy environmentally friendly products and also to motivate
companies to develop environmental technologies. Consumers require taxation that is easy to understand, acceptable and
consider fair. Companies need to maintain and expand their sales volume and profits.

The CEVs considered are Electric Vehicles (EVs), Hybrid-Electric Vehicles (HEVs), Plug-in Hybrid Electric Vehicles
(PHEVs) and the conventional Gasoline Vehicles (GVs), which have 1,500cc displacement and the same total weight, and
drive 100,000 km in 10 years. In addition, it is assumed that the LCCO2 and LCC of PHEVs are the average of those of EVs
and HEVs, since only a few widely varying publication data are available on these matters.

The main purpose of the carbon tax proposed in this paper is to reduce CO2 emissions while maintaining tax revenues.
Therefore we design the tax assuming that the automobile taxation system consists of only two taxes: the carbon tax and the
consumption tax.

3  DESIGNING TAXATION STEPS

This section shows that designing the taxation consists of the following steps.

At first, the targeted CEVs are selected. In this paper, EVs, HEVs, PHEVs and GVs are selected. Secondly, CEVs are
analysed from two aspects: LCCO2 and LCC.

Next, the tax rate is designed according to LCCO2, using LCC, whose rates make the CEV’s LCC less than that of GVs.
This carbon taxation is based mainly on two measures: LCCO2 and LCC. LCCO2 calculates CO2 emissions throughout the
whole life cycle, and LCC establishes the future of incentive costs along with the tax rate. Finally, the tax rate is evaluated
using several scenarios.

3.1 LCCO?2 analysis step

In this part the LCCO2 emissions are limited to three stages of the whole life cycle: (1) material production phase, (2)
manufacturing phase and (3) utilising phase. In Figure 2, the target of LCCO2 is illustrated. Each stage has several
characteristic properties for the CEVs under consideration. CEVs are evaluated using LCCO2, which is a measure of the
amount of CO2 emissions.

Activities of
/ Energy Energy <:I CLIEICgiO I:> Energy

| | Material Manu- \ | : e : >
-E*Pm ductio 7/ facturing /| Transport Sale >:— Utilising E Scrap

Reuse

Remanu-
facturing

Recycle

Figure 2. Activities of LCCO2



3.2  LCC analysis step

This section calculates LCC for consumers throughout the product lifecycle, and targets three costs: initial, utilisation of
energy or charging and maintenance costs. It is characteristic for design to include the maintenance phase. In this study a scrap
and recycle fee is not targeted.

3.3  Design of the tax rate step

This section proposes an efficient tax rate that encourages consumers to choose less CO2 intensive products, and maintain
tax revenue. We design the tax rate using LCCO2 analysis ( -3.1- ) and LCC analysis ( -3.2- ). The goal is to create an
incentive for consumers to choose environmentally friendly products, and to reduce total CO2 emissions. This rate also works
as a restriction if a consumer chooses products that emit excessive CO2.

4  ANALYSIS

This section calculates and evaluates the tax rate designed using these frameworks of LCCO2 and LCC analysis in a
concrete way.

4.1 LCCO?2 analysis

Table 1 shows LCCO2 in the manufacturing and utilisation phases, which are estimated using data from previous studies
[2][3]- The CO2 emission of HEVs in the manufacturing phase is estimated to be 1.1 times that of GVs according to previous
work, because its inventory data have not been released.

Comparing LCCO2 in the manufacturing and utilising phase, GVs in the utilising phase emit 4.6 times more than they do in
the manufacturing phase. Otherwise EVs emit 1.9 times more in the manufacturing phase than in the utilising phase. A
remarkable characteristic to be noted is that CEVs emit more CO2 in the manufacturing phase than in the utilising phase. In
addition, this characteristic will be strongly influenced by the expansion of new energies, and by changes towards more
variation in the sources of electricity.

Table 1
LCCO2 of Manufacturing and Utilisation Phase ( kg-CO2 )

Manufacturing Utilisaiton
EV 9,200 4,775
PHEV 6,855 8,500
HEV 4,510 12,225
GV 4,100 19,050

Manufacturing phase: originally from Kudoh et.al [2].
Utilisation phase: supposition by author of one hundred thousand km from Japan Automobile Research Institute et.al [3].

EV: lithium-ion rechargeable battery

4.2  LCC analysis
All CEVs have similar characteristics: high costs in the initial and utilisation phases. This is because of the high product
price and the high cost of charging energy. These common characteristics fit not only CEVs but also conventional GVs.

One previous study [1] evaluates four kinds of vehicle: GVs, HEVs, EVs and Fuel Cell Vehicles (FCVs), from the
economic and environmental aspects. It found that GVs are most cost efficient in the initial phase, followed by HEVs. Initial



costs of EVs and FCVs are evaluated as having a very low score. In contrast, the evaluation of energy costs in the utilisation
phase is different. EVs are evaluated best, followed by FCVs, HEVs and finally GVs.

Firstly, maintenance costs for the following aspects are considered:
e Inspection, testing and component replacement (1)
e  Repair (2)

e  Battery replacement (3)

(1) Inspection, testing and component replacement

In Japan, drivers are required to go through with certain checks and tests at fixed intervals. Drivers can take these check
and test services only at pre-determined service stations. One servicer provides inspection and testing services, with different
prices for HEVs and GVs. Comparing the same vehicle family ‘Estima’, produced by Toyota corp., the price of the basic rate
of safety inspection for HEVs is 1.5 times higher than that of GVs [9].

It is thought that this is caused by HEVs having both an electric motor and a combustion engine, as well as complicated
architecture and a large number of components, and the need for more labour hours. The cost of PHEVs is expected to be the
same as that of HEVs, since PHEVs have the same system characteristics as HEVs.

EVs, however, have only an electric motor without a combustion engine, simpler architecture and hence fewer components.
The number of their components is generally about a third of that of GVs. Information about GVs’ operating costs was
published by the American Automobile Manufacturers Association (AAMA)[10]. The previous study also assumed EVs’
maintenance cost using [10]. It was calculated that EVs’ routine maintenance cost would be 20% of that of the GVs’, since
EVs have fewer moving parts, and their electrical components are expected to have a long maintenance-free life, and EVs will
have no oil or oil-filter change requirements [4].

The cost of tyre replacement depends on the mass of the vehicle [4]. We assume that the replacement cost of tyres is the
same for all CEVs, at 76,160[yen], as quoted in the data on HEVs [11], since this study defines several CEVs as having the
same total weight.

In this paper, we define the cost of inspection and testing, excluding component replacement, in the following ratio,
according to the studies [4][9][10] . This phase cost of PHEVs is also defined as the same as that of HEVs.

EV:HEV :PHEV:GV =08:15:15:1.0 ... <1>

(2) Repair

The ‘Prius’ is reported to have the same failure rate as conventional GVs, even though HEVs have complicated
architectures and many components from the interview to the automobile manufacturer. In this paper, we assume that all CEVs
have the same failure rate.

(3) Battery replacement

The battery cost of EVs or PHEVs is very high, and it is a major element in the vehicle price. The Japanese Ministry of
Technology published the calendar life time of the lithium-ion battery, estimated at more than 15 years in 2006, until 2030. It
had been estimated at 10 years in 2006[12]. Recently it has been generally expected to have an average calendar lifetime of
more than 10 years. Following these estimate, this paper assumes that the batteries of EVs and PHEVs will not need to be
changed during their life time of ten years.

The total maintenance cost are calculated as the sum of (1), (2) and (3), which are calculated using the data from
[4][9][10][11] and the ratio defined in <1>. Comparing the total cost of maintenance, HEVs and PHEVs are priced highest,
406,160[yen], followed by GVs, at 296,160[yen] and EVs, at 252,160[yen]. EVs have the lowest price, whereas HEVs and
PHEVs have the highest prices.



Table 2

LCC of CEVs (yen)
Initial cost Utilisation Maintenance Total
cost cost
EV 3,400,000 564,385 252,160 4,216,545
PHEV 2,700,250 637,534 406,160 3,743,944
HEV 1,807,000 710,682 406,160 2,923,842
GV 1,400,000 1,131,290 296,160 2,827,450

Initial cost: supposition by the author

Utilisation cost: supposition by author from Japan Automobile Research Institute et.al [3], The Energy Data and Modeling
Center [13].

Maintenance cost: supposition by author from Japan Environmental Management Association For Industry [11].

Table 2 shows the total cost of LCC. The initial costs were estimated by the authors using general market prices.

Utilisation costs are estimated using the amount of energy used for driving one km [3] and the price of energy in 2007 in
Japan [13]. Possible price changes during the ten year time span are not considered.

Regarding initial costs, EVs are ranked highest, followed by PHEVs, HEVs and GVs. EVs’ high costs are caused mainly
by the battery price and before high-volume production.

Utilisation costs differ markedly: GVs are highest, and are about twice the cost of EVs. After GVs come HEVs, PHEVs
and EVs. This is caused by the use of different energy sources. The cost of energy from fossil fuel is higher than that of electric
power. Furthermore, the cost of electricity is affected by the electricity source balance. This paper calculates EVs’ and PHEVs’
utilisation costs using the data of the average of the day and night electricity price. EVs and PHEVs could be expected to have
lower utilisation costs, by using cheaper electric power sources, such as nuclear power, surplus electricity at night or a solar
power set on the roof of the vehicle. Furthermore, it is suspected that electricity cost will be reduced by dramatic changes in
the power supply system, such as a smart grid system caused by the popularisation of EVs, solar panels and home electrical
accumulators .

In the case of maintenance costs, EVs are about 0.9 times cheaper than GVs, whereas HEVs and PHEVs are about 1.4
times more expensive. This is differs from the list of CEVs that do not have lower costs than GVs. The cost of EVs is low, but
the costs of HEVs and PHEVs are not low. This is because HEVs and PHEVs have a complicated architecture and both a
combustion engine and an electric motor. In contrast, EVs have a simple architecture and far fewer components.

The concrete operations of maintenance, testing and checking are not likely to be either understandable or important for
consumers. It is expected that few consumers choose products based on the characteristics related to their architecture or the
number of components.

Currently, the image of environmentally friendly products is mainly determined by energy efficiency or low CO2
emissions in the utilisation phase. These characteristics are very easy for consumers to understand when purchasing products.
Furthermore, all environmentally friendly products have similar characteristics. Consumers do not care about the
manufacturing and maintenance phases when they purchase CEVs.

Different CEVs each have a specific power-train. It is not possible for all CEVs to have lower LCCO2 and LCC than
conventional GVs in the maintenance phase.
4.3  Designing the tax rate in a concrete way

This section discusses the proposed carbon tax rates, based on LCCO2 (4.1) and LCC (4.2). These rates are designed to
create an incentive for consumers to choose those products that have a lower CO2 emission throughout their entire life cycle.



Figure 3 and 4 show the LCC of CEVs as a function of several tax rates, according to LCCO2. The horizontal axis shows
each tax rate, and the vertical axis shows the amount of LCCO2. The calculation of Figure 3 is based on LCCO2 in both the
manufacturing and utilisation phases, whereas Figure 4 is based on the taxation of the utilisation phase only.

Figure 3 shows that, with low tax rates, a GV’s LCC is less than that of a CEV. The tax rates that make the CEV’s LCC
less than that of GVs are 15.03[yen/kg-CO2] for HEVs, 117.6[yen/kg-CO2] for PHEVs and 151.4[yen/kg-CO2] for EVs.

Similarly, Figure 4 shows that the tax rates that make the CEVs’ LCC less than that of GVs are 14.13[yen/kg-CO2] for
HEVs, 86.88[yen/kg-CO2] for PHEVs and 97.31[yen/kg-CO2] for EVs. Comparing this with Figure 3, which is based not
only on the utilisation phase, but also on the manufacturing phase, PHEVs’ and EVs’ LCC switch order with different rates.
Particularly in the case of the EVs, there is a vast difference between the rate of 151.4[yen/kg-CO2] based on the
manufacturing and utilisation phase and 97.31[yen/kg-CO2] the rate based only on the utilisation phase. This difference is
caused by the fact that EVs consume many CO2 emissions in the material production and the manufacturing phase.

The rates are designed by considering how the manufacturing phase may affect the LCCO2, and hence LCC.

The rate of 15.03[yen/kg-CO2], which make the HEVs’ LCC less than that of GVs, is less than the rate of gasoline excise
in Holland and the minimum tax rate in Europe. Otherwise, the rates, which make the EVs’ and PHEVs’ LCC less than that of
GVs, are very high compared with these figures.
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Figure 3. LCC with Taxation in Manufacturing and Utilising Phases
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Figure 4. LCC with Taxation in Only Utilising Phase



5  DISCUSSION

This section discusses the evaluation of the tax rates using several scenarios. The following scenarios are discussed.
e Taxrate :15.03[yen/kg-CO2], driving 200 thousand km (A)
e Taxrate :15.03[yen/kg-CO2], driving 100 thousand km (B)
e  Taxrate :15.03[yen/kg-CO2], driving 60 thousand km (C)

Figures 5, 6 and 7 illustrate the LCC with a tax rate of 15.03[yen/kg-CO2] driving 200 thousand km, 100 thousand km and
60 thousand km, respectively.

The rate of 15.03[yen/kg-CO2] in Figures 5 , 6 and 7 are the figures that make the HEVs’ LCC less than that of GVs.
Comparing these figures 5, 6 and 7, the large difference in EVs’ LCC is explained. In Figure 5, the LCCs of all vehicles are
similar. On the other hand, in Figure 7 the difference in LCC between EVs, HEVs, PHEVs and GVs becomes much larger
because shorter distances are covered. In addition, EVs” LCC become smaller with longer driving distances. It is suggested that,
with longer distances, EVs shift CO2 efficiency beyond the characteristic high CO2 emissions in the manufacturing phase. In
the case of driving two hundred thousand km, the cost of EVs is highest, followed by PHEVs, GVs and HEVs, but these
differences are similar. EVs’ cost is 1.1 times as much as GVs’ and 1.2 times as much as HEVs’. It is presumed that EVs have
the potential to undertake long driving distances or to have a long life-time, which are also supported by EVs operating
maintenance free for a long time, using fewer components and some special electrical items [4].
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6 CONCLUSION

This paper discusses carbon taxation using LCCO2 and LCC in the manufacturing and maintenance phases of CEVs. The
following are the findings:

. Carbon taxation of the utilisation phase only is likely to dramatically reduce the total tax revenue of the
government, since CEVs emit little CO2 emissions at the time of utilisation

. The rate of 15.03[yen/kg-CO2] can make HEVs’ LCC less than that of GVs. This may provide an incentive
for consumers to choose low emission CEVs, and this incentive is an actual and reasonable rate compared with
existing gasoline excise and European tax rates.

. The LCC of EVs becomes more effective with longer driving distances or a long life-time, with this taxation.
When the lifetime distances is short at certain level, LCC of GVs are better than that of CEVs because of high CO2
emission level in the manufacturing phase. In addition, it is expected to promote the utilisation of longer times, which
is also supported by the EVs’ characteristic of operating maintenance-free for longer time.

. The proposed tax system enables consumers to themselves choose the best option of CEV, depending on
their specific needs, such as lifetime driving distance, lifetime and maintenance requirements.

CEVs have several different characteristics and technologies, even though they are usually lumped together as
environmentally friendly products. In particular, there are distinct differences in components and architectures. As when these
increase in numbers, the taxation system should be changed from the current systems, which consider only the utilisation phase.
In this paper, we mention the importance of the manufacturing and maintenance phases of LCCO2 and LCC. The function of
promoting the use of EVs with longer distances or a longer lifetime is unique, compared to other existing taxation systems,
such as the km charging taxation system in Holland, where the charge varies according to the distance driven. Taxing
according to driving distance cannot achieve an increase or a cut in an automobile tax that depends on the CO2 emissions of
CEVs.

The rates of 117.6[yen/kg-CO2] and 151.4[yen/kg-CO2] ,which can make the LCCs of PHEVs and EVs less than that of
GVs, are higher than the rates which the other studies proposes. The way to make an adjustment to the total amount of the tax
charge, and to methods that impose less tax on the consumer, will be the subject of future research.
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The paper proposes a carbon taxation scheme using LCA, which can provide consumers with an
incentive to choose vehicles with lower CO2 emissions vehicles. This taxation scheme has two major
measures: life cycle CO2 emissions, and life cycle cost, considered not only in the utilisation phase
but also in the manufacturing phase. The authors figure out the tax rate 15.03[yen/kg-CO2], which
makes the hybrid electric vehicle’s life cycle cost less than that of conventional gasoline vehicles, and
is less than the existing gasoline tax rates in Japan and Europe. The LCC of EVs becomes more
effective with longer driving distances or a long life-time, with this taxation. When the lifetime
distances is short at certain level, LCC of GVs are better than that of CEVs because of high CO2
emission level in the manufacturing phase. In addition, it is expected to promote the utilisation of
longer times. The proposed tax system enables consumers themselves to choose the best option of
CEVs, depending on their specific needs such as lifetime driving distance and lifetime use.
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Table 1 LCCO?2 in the Manufacturing and Utilisation
Phases [kg-CO2]
Manufacturing Utilisation Total
EV 9,200 4,775 13,975
PHEV 6,855 8,500 15,355
HEV 4,510 12,225 16,735
GV 4,100 19,050 23,150

*Manufacturing phase: originally from [3]

*Utilisation phase: supposition by author of one
hundred thousand km from [3]

*EV: litium-ion rechargeable battery

Table 2 Life Cycle Cost of CEVs [103yen]

Initial Utilisation Total

Cost Cost
EV 3,400 564 3,964
PHEV 2,700 637 3,337
HEV 1,807 710 2,517
GV 1,400 1,131 2,531

*Initial cost: supposition by the author

*Utilisation cost: supposition by author from [5][16]
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