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1.1. TRILX—VRTFLDMABEBEBEIRILT—
) 7DOFA

KU DR LR IR RRENE S | ZENOHEE . T O% O KU A TN 2 B 5 % R
B \CBELEAL LT & 7= (IPCC, 2018) Z 005, ALABREI B ILEI LA RTRET R L
—HTFRLE LETRAT =V AT A~DEERRDOND L IR H>TETND
(United Nations, 2015), KB XL OUR) & W o A RREEIRIZ, BRENEE Th
D ALF BRI SR TR COREEN/NS <. S HITKERFEES LR EOR
e REICDPDERANBMIIKT L, EFE LTOBRFNIREE > TETHY | FHii
W 7p P& NEEA TN D (IRENA, 2019a), FEERIZITH, KRG E. AR EORHEA
IZRGRIZHE 2 T& TV % (IRENA, 2020),

KGAFESLE S FEEIC LD HAEMRES L X —OF AN — )T BNV AT A
DFHRME DI (Agora Energiewende, 2018) <°7E /1 7 % — LISk @ il jx F 4k 0 7
(IEA, 2017) E W o2 bEM S ND L) IC>T& e, BNV AT ATIEE
NOFGEEMIENEIINT VAL TV DREND D2, KR ESLESIFHEED X 5 7
REECR BN ELG SN DBIROEIGHEL 725 & FEICAG DB E21T
ZENREET D, D7D, BKEELE EME OB AT A OIS, TN
FUHRICAEDETHIET 27 v R A R~ P A2 b, REEMZ R LRk Cis 5
52 LK DRI A L NT U ADRIKRTOFEE L W o 7o B L G721 T
72 BV AT DR TR Z MRS 2 LB ST 5 (Lund et al., 2015),
T, BRI Z—TO COBEHIT AR TD CO HEH DK 40% (IEA,2017) TH Y . i

IRFALZHED DT DL, EESEE L X —LWolcE v 7 4 —LSTO CO, HE
HHHIPE L 72 < TER B 7R,



BAEMRZ RV —PORKBHEOT XL —F v U TIZEBL TRHHT L LICX
ST, BNV AT LOFRMEORER L OES) ' 7 Z —LIANO PR T OB 7 1%
JRTE D, BHVAT LOFEMEZ I ESE5-00HEE LT, KBEEESCRE R
&V o T BB DO A FTRE = R L X —EJE (VRE: variable renewable energy) @ /12
BRELEZ R F—F % U T OMEZITH) Z & CENFELHETHZ Lo F
—X ¥ U7 ENT L TR —PROKFN LR & 2R F—F % U 7 2R
Bl LTHHEICEDERRELITI 2T oD, BlxIE. VRE OZEBIEREL
TKEMIC LB KFERIEEIT 9 MG (IRENA, 2019b) R0 HICZF DKEN S HHENA
K7 A R 5 %G5E (NEDO, 2020a) 237041 CW\ 5, =R/ —ATR O T, Hix
PRI KO JEA R SN THEY | TR ENEBER BT RLX—FE, ik
a A NE ZEOREEEZ AT D (Lund, 2015), =R/ —3% U 7 Z2F]H L CHil4Ear
RERIBAATOBIRE LT, KERA X | TUB=T 5 REEE LT R BB 2
Z—EUBRRET STV D (NEDO, 2015), = /LF —F ¢ U 7 (IFELT TR, E
¥ I A —IZBTDLIRA T—Ra—V R —a VAT M LEMHE ORE &
RI-FT LN TES (Dodds et al., 2015), LM S| AR E REITMHE T 5 EHHRE
EICBWTKZEFAT 7200t bitEd 5T % (Karakaya et al., 2018), #iitt
7B —TE, KFEMLSTIREIEMBBIE LIRS L, NA, FT v o EE, S
~O1H HIRET STV D (Edtech, 2019), KFED HIUEME DIV TV A RERCZ LI
VKB 2 BET 5 Z & b RRET STV D (IRENA, 2019b), =R /LF¥F—F ¥ U 7 &
5 LT BAEMRT RV —E LA iR TR RRIC/AR D EHUSNDOEZ ¥ —1
HEEL TR 4 —TCoOMKRFEET DRI X =T TV THMEDDH LN TED,
BB ALABRERER T FINF b 2R —Fx U TO—FE LTEZLNDLH, K
ff ST AR AL X — 2 PRI T 2 72 DI T L 72 D =R )L —
Fr U7 EVIHIBRICBELTHNWDZEET5, 207D, EIZERLIEAKESZED
IREDAZ T oE=ZT, ABNA FTA REV b DEZZTOTRLF—F ¥
V7rE LTI,



12. TRILX—F v Y FEADRRK

RN ZF VT —F 5 U TEHANRXIZHE Y SoH D BKIN (FCH JU, 2019) <°
7 AU 4 (FCHEA, 2019), #[E (NEDO, 2020b) %, &ETEADO T — N~ v FHRER
HHSN. T HALTWD, HARITHAE, HRAOFTHE < OSIEICER L TV 5l
SEEE L SONDIRITH Y (Komiyama, 2014), ILELNE N AHIHOBLELISMZ H =
ANF—tF 2T o RHBTEECEFEOBRN D b OB DO TR L= AT LD
FAEMRO BN TND, TRXAF—F ¥ U T & LTKBBIOPEDIREDF ¥ U T DI
FIVE. B ARBUR O/KEFEARMENE (A TR = 1L X — - KRS RRMISEE, 2017) T
L STV 4fth, KEME (NEDO, 2015), #k{k/Kks# (Kawasaki Heavy Industries Ltd.,
2020). Ak¥ A KF A K (Okada et al., 2006) R84 % BR M OB T & FERAICAT
S>TW5, 2 DOHBE X — ) —TOREIEMBEEHE (FCV) OfR7E (Honda Motor Co.
Ltd., 2016; Toyota Motor Corporation, 2014) {2z . KFE AT — a » D (FCCJ,

|l

i

2020), FEERBREFEMOIRSE (ENE-FARM Partners, 2018) & FEMAIIZIT > TE TV 5,

AARTITAMEOH FERNZ LW, 23 bF—t X2 U T ¢\ EO7ZOIZHT
J156 R A B EEIR & ALE O TR D HANBAFE SR E AT Dtk ] 2D TE -
25, 2011 SE DR AAREK TORF NFEEFT OFHLOK, JEF I3 EOILR 2R L L
oo AXNF =X 2 U T A HERITEHE LV, =3 F—tF 2 VT A ROTZOIZIE, B
NOFAEFREZ R LX—B LORFHEROIEANEETH S, £/2. AOfEdD - D1
LIS R FRICHT TO@BE & RF R OFENBEE L L TE TRV, #ilko
BRTHIHHM TR VX—2IEATLZ 0RO TS (BRELA, 2018), = xR/L
X—Fx U T &7 a— LN ORET D 2 o — D VICHIEERTE T 2 2 &2
M S LTV D (NEDO,2018) 23, Z Z TIEm M o FA T REE IR 2 A2 H L ik -
Bk oD = A & HI L USRI OB XL X —t X 2 U T ¢ [a BICEBK LTS 5 HipE
HETCOZRAX—Fx U THHEZXG L LTE XD,

AAENOHIIZ BT H ZHOMB TR F— v U T8E AT 5 T E#00R
INTND, 2FL LT, 2017 4 10 A RS CRll A S 7 AE T IR K O'Bes fa E# i ¢
REINTND, KBB#HO (G - 2 a > - ] 1220 T, ATROAKZERTEH
B CEFE,2019a) TEEOOLNTZH D% Table 1-1 (TRT, EARIATND TFHHE -



EVa v ) I, FE L TKRBEOZRALF—F v U T ORMAZED TN &
D HEMB T ENTEY . JBAHICL > TX FCV OHAEBKOBEE L RINTND
TNHO TEHE - BV g - Y ISTEV, EBRICHBIG ORI RTR S OB, BIE
KTOAMHEEL LTO FCV BEAENFEMI A TN D, EORKBREAREKELZFIH LT
WA HBE B RS D | EHO G o TEAZED L Z L ARiEE L CEEARR LT
WL EBEZDND, KFEOREFRCHAEICEAL THE RSN TV O HEAELHDH B D
D, TRLF—=F % U7 OREEFIHORENNT U ATHARIORINTE LT, EAD
fEF L LT COHBEEDEANRE L RIN TR, DF D Hilk: LTHEET ==X
WX =V AT MBI DREERRT VX —T o — ZORER L L CORBERES,
R £ FIH#HBMTF BTV D,

TRNVF—F % U7 ZEANT D012, £ EC B EZ 8T 27200 TIER+5
T, Uk Z N EADOFFEIZE L 72 IR DO = RV — 2 AT LOFHEPAMLETH 5, BE
FOZFINF =T AT MIEIACA BB A D EICH AT 2 eIl s h Tz v
AT LTHY, TXLF—F 5 UTDOEANL W) DL, AR R/ —2 .00
FRAT212DDERINTE =V AT ANEEZDHENHZETHDH, 22T, =RLF—
VAT LEWSOF, =X —0REE ik, I, A0 n R Lo —
OftiLeE LTIRA D Z ENTE, HRARERSEBERO~ 7 vigd X7 Lk | RO
HCEM DI 7 vl v AT AETEHEDILENMESRE LTEZXD, TR LF—Fx VT %
BATLHAEDZINX =V AT LAOELE LT, TR VX —RREDL -0, B
=0/ A A H AREREDOFH IR RN F—F v U 7 ORIER AL L 220 | =%
X=X U T AP, Bk, BET5700RMBOHICnEmELRD, IHIC
R OPRELERCPREL B H B L DO = 3L X —OF M THH L BRIEABE L 725,
ZITE AKX —F ¥ UTEAOER LY, BIOT A AR 2% E - BT 5
ZETERLS, =R AF—F 5 VT ORGE - ik - IR - M Voo x - R
T ARIKTOA 7 FHEEFERT A ARG DORXE « Bl 23T hav, HHRESE K L
WHBIZR D 2L 2T 5, ZOXIICZRNANF =T AT AREEEMIEDL Z LITES T
1372 BT RE XX =2 27 L2 WL LT, FHEIC =R LF—F ¢ U 7E
ANZHED D NER S D, HUIKIZ L > TRV —EJFCT F X —HEO BSOS
WRBH BT, BIFTAREZRAX - AT NIHUR T L I5E S X3 Th 5, Hulgslo
KT U THIR AR DO =3 F— 3V AT AR T DR EE AL, o=



FNR—U 2T KBTI HREFBED T p—~ o X2 W 5T 5 b = L
F—LV AT LDOFERLETH D,

Table 1-1 List of “plan, vision, and concept” on hydrogen energy presented by

prefectures and ordinance-designated cities (adapted from FF& (2019a))

&4 A RIEF
Ay MR KEA LS EHRS e a v 2016
b KEFEV T ITAFz— o — K~ 2016
AR TEARIL L X — PE LR BB 2016
=871 HRE KRBT ANX—FNE AR Y 3 2015
IR R Wi%%mﬁ%% 2016
B ER B ERAREIEME BT - KFEAT — 3 U ERIER 2015
HULAR RFEHE O EBUZ AT 72 kIS 3 (A 26 4F8) L0 E L 2015
HULAT BRETFEARGTE 2016 (BREEZEM:. —HiK3HE) 2016
PRI B WENOKFELSFEH o — M~y 7 2015
LALR LIS LR R L B B O R (R F L 2014
gt B2 Bk I B IE R A= p L ¥ —E P g v 2016
] R KFEAT— g VEAE B 2016
pgsi)ioh TR ZE R T — 3 g B - BofE 2014
—HR SHEEHT XX -V g 2016
B I LA RLEF—E D g 2016
T IR W R AR B B B ) 5 6 2016
SR FASIHRELEM B BE (FCV) %k - KFE A 7 7Y a v ~KFEHEEDOE 2015
Bz T~
KBRAF H 2 Osaka E}a// 2016
KB F KIEIFIC T BKEAT— g & (E FHE 2015
SR I Eﬁ%mﬂ*mﬁﬁﬁt&%@t/a/ 2014
FEU BRI KZET R L —HE Y g 2016
AR IR BRI RNLF =R OB 2 X—0 #4255 2015
T IR SRR FE 7Y » NEE 2015
I )RR R Hh B B B AR EREAR 2016
Tl bk EM%*%%% 2015
REA IR WL BRRLFE Tt B B B R (M B I 2014
Ko I k“%ﬁmzw%—t/a/ 2016
JEE VR I IR KFFEE % RLIE % 7 Bk 7 & 2016
FLIET FLIR TR KL Hh B B B S AR 6 5 ] 2017
T T-HETT HIERIR R AL ) R AT R CLET IR 2016
FREAE S T PR AR FE R L —E R e g 2014
g RSB D FEBUZ AT 72) IR 7K S5 Bk i 2015
R Mo gV X—T7 7 a 7o 2015
A KFEA~— h T 4 AR 2015
N S Je T HUER TR AR L 3R 94T B 2017
=N R —Rr~AF 2 70 2009
N 5 2 WA B TR BEHA G 2016
N 2 5 YA T HE A 2009
ALTIN T ey a 2017
REAT REARTIR R FEBTT-D < 1) BRRK 518 2015




13. TRILF—F v ) TEADFRE

13.1. TRILF—F v UTEAIZET HBEOEEEFRE S

SR X = AT AT L > TED VAT LAOEGENR R D720, =%
NF =X U T ENIHIEOREEZ BB L CHEICRFT SN A& THDH, ZhETIC
~ 787 kA RAT— L TERAX =%y U T HANCET L0 Thh TE
(Agnolucci and McDowall, 2013), ~ 7 27¢ 27— /L COHrE LTI, EHOZR/LF—
VAT LEEOET IV XD EEFRIIR TS W T 0L X — 1k, HdfrEnk 2
PEL, THEAX—F X UTOHEABIZOWNWTHOH LI (B 21X, IAE, 2019) <
FCV OFFROMIGHMBIZET 2 U Aot 2 8 (121X, Gil et al,, 2009) °H A
(Bl 21X, Endo,2007) TITo7cb DN dH D, ZILDOHHT T, EOH OHlkD M
—tRTH D EHE L TR iThbihiTnsg,

R aRAT—=NDOGHTTIR, BATLEM AT AT v a v 2ETMEL, FE
DT CORMERIEREE DR DO FIFIZESN T I 2 b—ra VEITWIMET 5
ZETZRNAX—F ¢ U TEADHGH P THOIL TS (Bl 21X, Liu,2013), X7 2R
— IV TOHNHTIE, FFEDFML FTOTRLF—F % U TEARZH ST D52 &R
TE DM, BOFRMETOEAZDRL, HIBLE TORKE L TOEAZR L OREN R
AETH 5,

B2 A r— & LT, IR COZ XA F—F v U T OEAGHIZONTIX, v 7
B REO A — )L TOMIEE I L TRE LTS Z ERFER STV 5 (Blanco and
Faaij, 2018), FFEHUR TOEAGH OFEHITH 525 (Bl 21X, Loiseletal.,2015), FFED
FEOHZ O TH 0 | MG & RSO SN2 Tl 72 Mg YA
RN H 2 D RBITA LTIV, FCV OE AT 5 00— Tldk, =R /LF—
Fy U7 OER KL FCV (IZKFE 2 MG T 2 KE AT — 2 a » OS2 il e &
S LTZFG L H Y G E ORIV X —FRLT/FEDORT 2 v /b & Z DY O
PRBE DS O i iR B OB iifb 217 > T % (De-Leon Almaraz et al., 2015), BIOZHEF| & L
T, MR CORAEFRETRLF =X CO, PiHEND A X L ORIERT v ¥ V&5
T L7248 (IEEJ,2018) HATHOIL TV D, T D OHT Tid, HlsFE L L CEHITEIR



RBEORT v/ LTORESIZEARYTHNTEY | Hilflio =1 /1F —F
FERESCBEATA 7 75 OHIB O = 3V ¥ — BT 2 /MR MNT L BE ST,
FI KRB LT L3 NF = 27 LOFMD BB HEA I RE SN TV DHEHERT R
NF—F v V7 ORERLFICRESNTVWIEELEL BATHVAT AF T v a v
T L OHBRHE DR S I S TR,

HAEEHTZD Oa X 0 COHEHEICEAT A8 L 2 < fThihvT\d (Bl 1,
IEA, 2019; Valente et al., 2017) 73, HAI&H7 D O/RT —~< 2 A3 7 500G Tk %
HT 20T 2600, 23X —OFFMUOREZZEST L2 LB TE RN, =
FNAFX—F ¢ U T OHEANZBNTE, FMORERM ClEh =3 —F v U 7 DOfliE,
s, BT, FIHICES ETOTRAT =L AT AR TORMEHE - EHTHZ &
THERBA B TE L, EDD, XL F—F v U THANKRFECREIZE 2 5203,
TRV F =V AT LARERTLE L DUERD D, ZTHE TORAEWNRET R/ —DEA
T FE Y AT A0 RICREEZEINT 50O D Th o7z, BIZIXKGIEFEETHI
X, EBRSCLBIEDBN VAT hA V7 TR L OWEEN TOZERHECEHH
B b W TeBEfF AT AR 5 2 & T, EiH B L OB F Y AT A ~O D
T2 OFMZENT D72 TEOMRELTHT 2 LN TE TV, Friicam ¥ —
¥ VT 2HATLHE, FIAIXFCV X, BiFOA v 772G+ 5 2 LAl T
TLKFEAT — v a KRB EET DR L OKFE L@ - IR T 2R E L ED
HTEALRTITZEDOREL BT L2 LIXTERY, 2070, BIROEWNZT %
RCEDOHANZITET 5 2 LTI CTlde . Y AT AR TOZRINLF—F ¥ U T D
BANRE ST RETHD, RERLZRLF—F v U 7 ORGEFIERSLE O, W
ERECHI RS, VAT AORREHICL > TZ R —F ¥ U T OEAZHFILR
RHHTHDH, b —DOTXNLF—F% U T OEANHET LHEOREIL, < D
MFEDRRFETEIZE R LT Y REFLZEOFENA+7272 2 & TH 5 (Blanco and Faaij,
2018), KFETFNLFX =V AT LERRLE LTZTA T7HA VT EAA LN (LCA) DL
B2 —fw 3 (Valente et al., 2017) (285 &, £ < OFFEIT Cradle/gate-to-gate DFEIPH,
BROHEKNZZX VX —OFHAE CEERVEHFATOFMITHY | TR F—v 2T
LR TORBEZEO NP AR LTS, HEIHFO LCA FIZHB W T—H8 Cradle-to-
grave (Well-to-wheel) D&, 720 HARKFORIE) S ABHEOEITE TEHO TR
BOSH I THON TS (Bl 21X, Baueretal,2015) 28, FFEOHILDO =R/ F— R



TLAOFEMEEZE L O TiE/e < KFEOREFES A B BEOEI TS T E DR
EEBWIZV AT LRI TR OB HE B ORI N2 — U FITZE S
TR, FCV 2RI 256, BEIHEETROREAMYWE OJHHIR S 71, K
FELEL T COHPENEINT 2720 2 XV F =3 2T AR TOH LG OZ(LA?
L Z %, NOx PEHNC L 2 RRVGUEIZRFTICEET 26D TH H 720, #ilkick T 5
TRLFX—F ¢ U THEANRIL, 70— VI EL RITTIRENRE T A (GHG) HEH
CIXRRDIITTHD, ZOD, ZXAXF—F 1 U T OEAGHIZEBNTIE, BT
BREEL GO TERBRRE B & Th D,

132 tEBEFNLTEAER

TRNAX—=F % VT OFENIHT - T T iaA 7 T OMENLER 2 &R
IANPRENZ EEOHBANORIGITEANT D Z k#f%ﬁwammAzm%)I%
NX—Fr VT OEANL, =X —Fx )7 ORE @ik, Iy, FHO—E OB
DEANBBEIZRDIZT TR ENSDFEME O T I F == BIORA T T~

OV —C ABEFEEOE L, BIAOHHEDOH LD, 22— F—DITEERRLL
EIZEALD LD ITHBR Y AT AETEHEO TRERE(EFE D, H LOERANEA S,
Wk LT 2DIZiZ, VAT LA RERTRICEADENMEN TNV L2 TIIA+4 T
Y7 TAF = — 2 OGBS, HERG, BAmAOSEREOEAIND O
DEENEZ LN TNDZ ENKLETHD (Geels, 2002),

TARNF—Fx U T HEANIBT DR R R 7T il K-> TR | ZoRF
EWRTZ XL F = AT AOEADEERLIEBRIC G 2 2 IOV TN DO
MR ENTETN D, Mk TIX2e < ZEB COMBIETIEH 503, KA YA XY
A CTOFAEFGET X —EAZHEH LIZF2E Tl RICHRAS O SR EEE N
HHEL T, RA Y TIIHHB AT IC LD/ AR 1L X — 8 AREATZDIZ
it Uy A F YU A TIEBUT & SROBIRIEZ R OBEAFDIRK A2 7 7 & — IS KB 72 i A2 7T R
TRV —HAZITST2 &0 ) s 7 ST (Geelsetal., 2016), BIOHIFE TiL, 7 A
UHD=a—a—7 MNAOHIE T & O & AEEAMRE O P RfEAE R BB #HS KO PV
DT =V =T X TH— FTHROLERDRENEHEILEANEZIT I NOEISITHER S 5
Z L &R L7 (Aragjo etal., 2019), T 5 ORFZETIHimEDO LI L THESRRFIX



T OEBEEREOT 1203, KUERMEOHIBAFEIC K DBEADNR & & bITHhaRRE R
DRENRZH STV, FEOMIEE x4 & L8 Tl 12 OfSR%R & 2
NETOZRNAXT—ORFUHELH Y, TUNREICHEZETLIEHERML VD
(Xing et al., 2017),

M DHERFR I L > T F—F 5 UTHAORKRG SITRR L7720, AR
REZT TR, T XL HEALLTWERE TH L 00 Z[FEHIZHAL Lo+ ~& Th
Do R ZTFXNF—F X VT OHEAZRNEGNHIBTH > TH, BATL72DICKE
AT O BRESCBURN 22 KR OBRBEDHE - TR WIS B BIRDSKEEE L 72 5 ATREME D
EV, HUR O RF IR - & AN R T ORI SN T 5 2 & T BB
TRILF = U T A A oD D MU O BEHCHUE O o T OB ATTEIZ DWW T OGS
A TE DN D D,

1.4. AR TR Y ELRE

THRILF—F U TEADTZDIE RIS DR L F— 0 AT A2
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Figure 2-1 Procedure for region-specific analysis of energy carrier (EC) implementation
with simulation of local production for local consumption of energy carrier.
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— XX U T ~DBERRLRN T v I ~DZRALX—% % U T ORREA LSBT 5 HE
HETH 5D,

Ekr —5k (¢transportD TIES TD+¢transportND T’EE), (2_15)

ZIT, PO IR R KT DI D ELE R LR — % U Tk R
¥ L OB S - O GHG HEHIIRECTH 0 ¢ P53 e BRI L 1 3R A7
LZRWIHICEB T DL = 2L F—F ¥ U Tk EH 72 O GHG SR TH 5, TD
ITETNVDANNTGA—=FELTHRET D,

234 TRILX—Fv ) 7HH

kR LOEBEBEA~OHGRE AL F—F v UV T OFMAENE LTHET 2, flx

(X, FCV DL S oz x ¥ =% v U7 2HA+ 2 HEH (ECV), 7o b NTREHERS
AL DEIREZXNANF—F X VT 2T 22—V L —2a VU AT A
(ECCG) THh D, FIMHINj D ECV DEAELZ N, &35 &, [FLCAEEG O
HE)H (CnV) ZE XX CEAT DL ZEEMBETH, ECV DEAEE N, 13, #X
@ié:&ﬂf%éﬁ@%@cm/@ﬁﬁ@éﬁwﬂwtﬁﬁéﬁﬂ$q,Kiof%
EIhb,

Njr = - NECV, (2-16)

IIT ap FETADANNRT A= & UTHRES I, MR CF CEALL UTRIE
T52 & T, HTEAROHIRIC L D& NESHTT 5, ECV TOTZFRLX—F v Y
TRIRE UFS 1%, BALETIEMES 720 O3 F =% U TR &, SFE 0 RE Pi°
BILO1BHY OFERAEITHEE Lj,. EASHLD ECV DB N, K-> TRED,

UPS = ¢7C Li, Ny (2-17)

BASIh5D ECCG O#uL, ECCG AT 5 Z &3 TX HEffithofagh NECCS |z
T DA J OBAR o ERET DI LICE o TRESND,

22



Nj, = a; - NECCG*, (2-18)

ZITHEETADATINTG A=L2 L LTRESND, ECCG DEA j IZHT 5=
F—F ¢ UTFIHET, MASNDIZR LT =% U7 ORMEITH 5 EHFR
nélec, BARFIA B;,. ECCG —Hb1= ) DREXRE ¢f'°. ECCG DEABH Ngceer

C £ o TR E S ICRES NS,
UfF = 1/m57% B ' Ny (2-19)

T, B & D elec ITFEX (electricity) & EIKT %, ECCG DRBAGAIHZRP,; 13, a1
FEITKT LT 100% ORISR T 1 AEFEER 2 ke L 72356 OBTER 2 BRI 5 5
BROEMBEREDOLR L LTERT D, RORKIHEHS T, B EEDARNZENEINLD
WBEAEZ 72N E VIO N T, FHITREEZR R MWERERIHAR & 2D X512 T
Do

0<B,<1 (2-20)
2, Pic < Dftee 2-21)
Y, PPt < ppeat | (2-22)

--c Pﬁiec L le'lreat 1. TNEH ECCG Bl j B RAE LB L BwE T, DElec
L DP IE NN LD T R F—FE T 5, ECCG ORER P &
FEEE PR TR O K ICiRES NS,
F)j?}'ec = ﬁj.r ) C]elec ) Ivjlr (2_23)
F’jl:l‘,?at — n?eat/n‘?lec . F’j‘:"‘}‘ec (2‘24)
T 2T 0 1 BCCG Hiff j OBVEROBFRTH Y | REBRICKT 2 b L ERD
HEDERREEFHET D,

TRAR—F Y TR A L, BEAFEE % (V5 = &1 5 5 GHG i1
ORI, GHG JRIMORINIE EUnerease & jbrf EIerease ¢z ko CRFffiT

60
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EU = gUincrease _ pUdecrease (2-25)

GHG HEH OB, MASN LT FRLF—% v U 7 EEOEREORERS L OFIHIC L
STHIEEZ S, GHG HEH DU ITHEREE ORI 5 JiE s I ORI H OB
BRT D, BIZIXECVIE, 7YV U Z2RHT5RMAFIZENT CaV 2RET b0 L
LCHIRESND, 20X 5 2R X5 GHG HEH oM & B X, #n2ho AEE
DRIGERLE & FIHBEEN B SN D,

EJ%ITincrease _ ¢manufacture N /‘L'] + ¢]use ll)EC L Nj,r (2—26)
ud _ fact fuel
Ej,r ecrease _ _((Pg}la‘}lu acture , Nj,r/TCnV + ¢&S§/ . Cl:g/ L j,r)a (2_27)

ZIT, ganufacture L guse ik BERE & B C o> GHG HEHVRER, FC 1R T

i [ZECV O EHHEMTH S, CnV IO T bABRIC pmapufacture - guse el 35k
W 1oy EEFRLTVDN, REICHOWTUE EAHE T4 EC TiE7Z2< CnV T &
NWAHBRELE LT fuel IZEF LTV

ECCG DOIGA L, R DZRME B L OBARKLEE (HG) 207 %, ECCG @ GHG
Pl B TS B & R ERS THERL S 41 % . RALE 106 OE S & HG 7225 O FE L
#5313 ECCG THIDIIIAE SN, BRICEZHMA DO TIERNWEEL, 2 b ol
B GHG HEHIHIEIELE 297, RbtE /1 & HG OFIHEERED A D GHG HEH DA
EEZ D,

E]]:J;ncrease — ¢;nanufacture /T] + d)]use 1/n;elec B]r Celec N (2-28)
Ejl’erecrease — (‘Pgrsied,r . 1/77§1r?ccl + ¢11_1[séer 1/nheat eat/nelec) ﬁj,r . ngalec . Nj,ra (2_29)

TITOQUe, L gl IIREES & HG OFIERE T GHG HEHIRE TH D | nels
Lahet T BN RFE S & HG 1B B AR E TR EICH D HETH S,
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24. r—ADKE

24.1. BABfiE T RILEF—/INR

Valb—va rE AN THIETOZ XL —% % U 7 Bl OB AR OFHE
ITADZEERGET D702, BRICBIT D7 —ARAXT 4 #{T>7-, Figure 2-2 I%,
D —AAET 4 THRFT TR X— 2 2T MR E L TOEARI B L= %
WF—RRA% R/, TRAF—Fy T L LTKEEFRDY EF, Bix 2pm FLF—JF0
b snhsZ taE x5, Sl s OFIAEY (BPR), #H U AL AL A A A
(LPG) DA ¥4 F TOARKEKUWE (FGSTR), HAEMRER IR L ML A G RDE
TN XD AKRDER G2 x5 & Ulc, BAFTREE IR D D KFERIED 5 IR FH TRE IS
25 HTOFBRE TlX, BPR DO OKIENETHRIHSIND Z & 2 8E Lz, HFEMEE
FHHE L LTO FCV BLOFEMABEER 2 —Y =L —2 3 T A7 A (FCCGh)
TARFZEFAT S Z & T, Ei, 6%, BRI ARKZRLX—FEEMW- L, BE
i, bbb, YV UERONBKT Y HEE (ICEV), G L ORKE
NafEAT DGRBS D, FUMFTCR P RIREEFT CHE L 12EB ) & WK EF
B OSATIE. AKFFABATOSGIT & ITHE TV D EAE L, BhE S 7ok FR L, [EE
KF ALAKTE, AF LT a~FhrOkFEX Y U TICEBRBICY v 7 a—Y —THi
BT DT EEME L, WkiEEE 7D (X, Hulk L O EER oL RBfRR BT L
WTIE 100 km T—ETHD & LT, HAEMRTRLF—HRKE TOKEMRL LT
FGSTR TOKFHIE I TA YA FTOREZMEL, TDIZ0km THD & Lz, HFK
R L7 at® A0 LC-GHG #B[E LT,

Table2-1 1%, 7 —AAZ T 4 THW D EMI LOKFEF v U 7 OEBKR 24401 & | 1
HLTEETNDONT A =8 L OMIGCERERT, /N7 A—Z X, B L7 HugdRetE &
BT U S W CERE &4, 251 Table A-1 IZFE# L7, FCCGh IZ2W\W T, X
DEEMC AR L BB - AR IS T A T — A MAFHR Tho7oloh, KEFREB X
OKRFFIHFFD GHG HEHEICHOWT—F @ THB LUEAEEN], —HEH7-0 O A
BITTHEAE L72, GPWE 3 XUV FGSTR (C K 2 /KERGEDORE B L Tl AKBFEICKE
LTHBIERENEDEREL, ERROEEZ/NT A—2 L Lc, ARTITET, £
T AFETNEL LPG OWTHODNREERBEI T AL LTER S TERBY . Z0HIE13H
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WUZ K> THRRD, ZOr—ARZT 4TI, i A L LPG OW T 2 REMHT A & L,
B R IE RS20 O GHG HEHIRE PN 35 LOGER ORI B I 5
GHG HEHIEREL pUss, (oW T g = & OFEAIREL 2 OFIA 2 B LT Lz,
SRACHE S OHUEHI T O GHG BEHWRHIE, IO 722 AAD 10 BHEHNHO
D O BRI B L7,

TRNAF—F ¢ VT REE R OBEAR a;,a; X OHEEAM OERICBET 5
%55 6 LT RNF =V AT AORMET Z L ITHE S, o/ 3T A — 2 1T HIRE @
SOHIRFEIISE U CESRE LTREL TV D, LFOFEROE 7 v a U CRICIEEL T
WZRWFRY | RS A SRS X O — ROBRIUCE T 28 5IT B a o5 e Lz,

Table 2-1 Correspondence of the model parameters to specific technologies and
hydrogen carriers assigned for the case study. Adapted from [i].

Suffix in Assignment in the case study Abbreviation

parameter

EC Hydrogen H2

CnV Internal combustion engine vehicle ICEV

HG Water heater WH

fuel Gasoline gasoline

i Petroleum refinery plant (by-product hydrogen) BPR
Natural gas combined cycle power plant with water NGCCWE
electrolysis
Natural gas thermal power plant with water NGWE
electrolysis
Oil thermal power plant with water electrolysis OILWE
Coal thermal power plant with water electrolysis COALWE
Nuclear power plant with water electrolysis NPWE
Grid power with water electrolysis GPWE
Fuel gas steam reforming FGSTR
Wind turbine power generation with water WTWE
electrolysis
Photovoltaic generation with water electrolysis PVWE
Hydropower generation with water electrolysis HYDWE
Geothermal generation with water electrolysis GEOWE

] Fuel cell vehicle FCV
Stationary fuel cell cogeneration for household use FCCGh

k Compressed hydrogen CPH
Liquefied hydrogen LQH
Methylcyclohexane MCH
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Gasoline Gasoline
Tanker lorry G?S " ICEV
station Travel

City gas/LPG < Pipe line \ . H, . transport
Petroleum [Tanker lorry / Reforming H, station |—» FCV
refinery |—>
H, City gas/LPG Water

heater

Conversion

to carrier
Water | H; | City gas/LPG
electrolysis vy 9 Reforming[—* FCCGh

Electricity H, carrier Reconversion | Hz |
Tanker lorry to H
2
Large scale
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Natural gas H,

Water |
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Electricit
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OFFSITE ONSITE

Figure 2-2 Configuration of the technologies and energy pathways considered in the
case study. Adapted from [i].

242 MBIRSDESE & i 7—4

HATOHIKX »% ERXT DO OMILyEITIEE LA TEMIE (UEA)
(Kanemoto and Tokuoka, 2002) 3 X OMHERT IR ZEH L7z, 246 OHUEIX S T, A4h78
Ml T 2 5 72 OB 72 kD K & ST OV THRGETT 5, 2015 4 11 ARFRT,
HAIZIE 47 OFERR L 1742 OTHITA AL L T, #diEHBIL. &4K5
(Kanemoto and Tokuoka, 2002) 4&"8 L7246 DT, JEH ¥ — TS\ THEEOTHET
Rk SD, BMEHBIZLLTO X S IZERK I 11D (CSIS, 2015),

AHIEIZ, PLOHITE, TiEHRAT - N B F 6T S DM, 772
DEIFI, 12k o TBE S TINFE T, EilTELIEIL,

(1) FLETT2 DID A 71 L > TRE L,

(2) KBS EB 778 L EB T~ DFEYFEDY 10 % LA LD ifThIFf & L

(3) [F]—ZB T PIZ B D FLES TR TS = & #7FE 75



HHIERE T,

B O HONW T, ZOEBICHESNTHEE LTZ, ZOERITES W CHET
FOGEEIToIRER L LT, #iTREMAER X OPFET 2 HlTF D U A % Table A-2
R, #THEME CTER SN HIBIZIZAARD A DOK) 88% 13 E i, W< DD
MR & O i BB o ST AR TR REIZ 1T 2 0t Oxt 5ot &
L7z, R e LTl oNMTEMABORL 247 TH Y | miflE, FIEHEE, ADBE
DOSEBEIZZNZ ) 866 km?, 334 km?, 916 N/km> Th o7, ks LT, #ENFIR
OHIT 47 THY | mFE, FTEHERE, A AEBEOFHHEIXENENK 7,926 km®, 2,628
km’, 1,348 A/km> TH D, 72d, 22 TWH TAREE] Lk, rEMEREHZY DA
N CTod v, AlEMERE IR mfES L R EREZ RV - BE R Ch 5, HAL UEA
& KB UEA ZFR< T _XTOMATEMEIL, AR & r{EMERIZB W TER S O HLH
HIFTET 2FEMR LY /S, i AEOANEEICB LTk, TLE m 23
BT HEENRELD B RENVLEDE/NINL DDA > 72, Figure A-1 ([ TEH
3 L O o PO 2N TR S D ENERF RO N N OBIfR AR Lz,

H A DHE IS K O ETAT O MR R T — Z (22T E R OB LD S
MOEG L, MdTEHE OSBRI T 57— ZET D 1 OB O TR O F — #
A LoD T — X OFEKZITV, Table A3 IZF &7z,

2.5. FHl#5 8

Figure 2-1 C/R L7EEHAEB L O Y7 = —XOFEREZARFH TRL, KETINHD
i RO 2 Gk 92,
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2.5.1. 3 DDMEKIZHI+5 FGSTR & FCV DEAIZ LS
LC-GHG ZE 1t

fRMTHE R 0O—-> & LT, FGSTR HIRDKFEZHWT FCV T 1%DHFEHAT YV 5
MEZRFT 52 L2k D LC-GHG D& b4, BB, fahdlR, WifgRo 3 ’izon
CEHE L. Figure 2-3 128 L7z, BHIROKEDZ2EFEE LT, ADITHEA AR D Z
WA, BBV 1 Bd 7z D OFRETTIEBE L SR E IR O H CIHBIR 23 b R < e U
TEBIEORHIS KO B H 70 EREITIHRRER RHEGET RO PR Th 5, Figure 2-3
ICHRWT, KERE, iRt BLOFCV ®ERE O GHG HEHH o H Lt o E 7 i
RSN 5 ICEV ik L O ORI 4y TO GHG HEH OB ITfitii oA itk Sh
TW5, LC-GHG O kL, RICAEEZ OO LETES L, AT 2y FEiTw
AUL FCV DEAIZ LY LC-GHG BHIHINTND Z L2 ERT 5,

fERE LT, IR ToO LC-GHG HIlE S b K& < iV TR T2 < Al S
Ao, 3l b LC-GHG 2 EIR S LTz, BFEMRMEOREIL, AU, @ IR,
R DIEICZ < . FCV Bl&ERF O GHG HEH O IN &3 K OMRIZ K % ICEV RS HI
BT D GHG HEH O &DNE & —E L Tz, FCV OBHuTmi R X v & F U
DIFWLND, KFHEEITEIARO TR REPoT-, ZHUITEREOHE 1 5H7D O
ERETHHENR WD, KV ZL OBREINRLEL DD Th 5, RO HB)EH |
BdHTc ) OFEMEITIEREIIMO 2 SO L D bRV, BAZSHDH FCV OEEND
RN, KEEEEIIMO 2 SOMIRIE ERE T h ot WRIRTIX, HEIE I
BT OFMEITERNREWZD, 1 5H720 O FCVIZL 5 ICEV REICBIT 54 Y
U OBEENRRE <, WWHRIRO 8 fFLL Lo BEHFEENH 5 R ALY b LC-GHG
DHIENKE K 2o T D, FEESTIE, H YU 2095 2 LIk D GHG #EHHO
AR LT, FCV &2 5 GHG PRI OB R E Dro 7o, R Tid, B8
DOEEE 1 BEHTY OFEMEITHEEN T > 2 X < | LC-GHG OHIE Kb K& o
7o
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H. production

c 40
2 g 30 H. transport
g \; 20 (compressiononly)
% g“ 10 FCV manufacturing
o
£+ 0
28 by ° by ICEV manufacturi
25 _10 -14 43 -15 manufacturing
o : (replaced)
O -20
Gasoline utilization
-30 (replaced)
40 © LC-GHG emission
-50

Tokyo Fukuoka Okinawa _
(1,284) (1,381) (449) (H, consumption [t/year])

Figure 2-3 Changes in LC-GHG by substituting FCV for ICEV with hydrogen production
from FGSTR for Tokyo, Fukuoka, and Okinawa Prefectures; 1% FCV
implementation ratio and 100% FGSTR without transport (apgstr = 1.0, ey =
0.01,6cpy = 1.0,TD = 0). Adapted from [i].

252 BRIZE T HEMEAD LC-GHG

BPR B L ONFCV ZEA L7z & & D LC-GHG % il L 72 4% 4 Figure 2-4 (2R d, 5
2% 4 OD FCV BARIZTOWT, #ERFIR & # e RE o AN 0 &EICx LT, mEd
720 ® LC-GHG DH i+ X O BPR O /KFEELERE I3 2 ERROEE O 2 71
v kN UTe, BUHPTAEET D 14 #GEFIR & 13 OF TR A2V T LC-GHG D HIlj
BE7oy bL, BHFTOMFEE LW, T7805 PER, =0 &7 HiEma L
7=, Figure 2-3 TOfftdli% GHG HEH Ot Td> - 7273, Figure 2-4 TOfit#hi% GHG HE
HEEE & L7z, FCV OB ARDOEIC L - T, F—HIkNO 7 7 v MIKFEH RN
79, BEGAIZOHE,

ICEV %#Z FCVIZ Lo TRETHZ L T 1T L A FOHIE T LC-GHG IXHITF S 115 78,
)R 7207 1%, LC-GHG 23/ L TH Y . GHG el ED~ A F Az 7 v v bk
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Sz, BPRIZ K H/KFEROE I TMRK B HINT T < RIINRTO 1 Bz OF/E
ITHRREDN BN DI Z D K 9 72 LC-GHG OEMA & Z S D, 1T& A EOHGENT
s O R HEIC BT, FCV OB AR EWIE L LC-GHG OHIEE S K& o
72 FCV OBAENEL 725 L, BPR 23D OKFERIERE T —E TH 5 DITkt LAKFE
G EDEINT 572010, iR RKFERIERITH T 2 EEOKFREEDOLE L E o
Too —HEROHUKTIL, ZOHET, BAEREWEGAIZ 10122 L, ZhiX, BPR 2
+o3 e K FRUERE ) 2 Ffo TB O T, KEOREDZM D 72DIZ FGSTR Z 0 E & Lz
ZEEBWRT D,

FREREMRNR, 2N b O RNORGNETZ @ E LT\ % Ha UEA T,
LC-GHG D RIEZR2HIBIZ A b ehroTz, ZO—KE LT, Th b O FEE L -4
2B AT LT D REHETH Y . —B b7V OEREITIRBED EW Z &3 Z81T
bivd, ThiE, FCV #iED LC-GHG ~D a5 R&E < Y Y AT L % LC-GHG
HIERI R NS W E WD Z & TH D, fikil UEA LJE UEA LA T E i
Frag LI & I B LT 528 (Table A-2 2R, 2 SO THIE BT % FCV D
AL, TR L AR LY b LC-GHG O HIENS K& 22> 72, Figure 2-4
(c, d) IZFWT, Fadkil UEA TIE BPR 22 b O /KERERE /11T %k 5 FEER 07k 34 il &
DAL LD SRV, Zhid, BEFORGHPT & v 5 BRI AHL IR &Rkl UEA
THIE L TV DH—J7 T, fMEkl UEA TOKBFEZSFEKILIR LD 0702 L2k 5,
2O X9 HRE R TR < B TR M & HARREAIC B T S X & LTEXD 2
& TRWVFHIRE R G DAL D IR S & > 7, EFR S AL OBE U X o THUERE A
BT Db, BRIk 2B 5 2 & TRl R b B2 D 2 LR nhol,

KGR EE N %2 RN T2 KOEBEZSH (PVWE) 75 OKFBRIEE (T > 2B FCV
AR L OWEfEHT- Y LC-GHG DOHIN R4, #OENT IR X OHR i AE O N D& E
IZkL T b L7=b D% Figure 2-5 (a, b) 12”7, ANOEE L FCV B ARNEWIE
E, g Z L omifEH72 W O LC-GHG OHIEEN N EVMEAIN R b b, NAEENE
WHIEE CIE, RS2 OB BHEO BN Z WD TH D, NAEERFFLE O T
b, HENE 1 BdH7- 0 OFERETIREES O U2 & > T LC-GHG BITEIZ & 23
Rohd,
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FCV B ADFER & [FIRRIC, #EF IR I KOS i E B2 351F % FCCGh IZBE3 5 fE 3
(Figure 2-5 (¢, d)) 7261, AABEEOEINE & HIC LC-GHG DHITEEN K& < 72 HHH[H
MR-, NOBEOEWHEE T, EE503% <, FCCGh #Z { B TX 5720,
FERMIIZ LC-GHG OHIEN K E 25720 Th 5, N DEE D [FFEE O Hidk To LC-
GHG DOHIHEDEWL, EEOE ) TFECHE T 25 ORI ICER T 5, JAR
M 1% 5 10%, 50% N3 % & LC-GHG OHIEE S HII L T\ 523, EAEKR 50%
D5 100%IZHNT 5 & X 12iE, & 575 LC-GHG OEEIZIZE A EH LIFEL AL
N7 7o 1=, Figure 2-5 (e, DIZ/R T HlE = & 0 PVWE 7> 5 O /K ERIERE x4 5 FEBE
DIKFERGE RO HIE, KED FCCGh 738 A S5 & PYWE 76 OKFHEAR 2 &
725> TLEW, LC-GHG HIEEDIR T2 < Z L3 ho Tz, AR 1% £ 7213 10%
D6, PVWE 22 b O/KERGERE I3 2 REROKFZROE RO RIT, 1T L A LDl
1T 1.0 Rii TH Y . PVWE 72 6 OKFE AR EQS IO FFE 20l 72 T DICARZE LR 2
EEBWT D, . BAED 50%E 721X 100% DEA . —EROHIK T PVWE 205
DIKFRGER N T 2 EEOKFRERDOLFEN 1.0 Tholz, 2FE D, PVWE 225
DKRFFGEN T3 T, HHEEDOARED FGSTR IZ L > THibNL T D E WS Z &
Thd, KFEOUHIZ FGSTR 235 Z & T, LC-GHG OHIBZREN /NS 725,
FCCGh AL BMENEGA TH PYWE 55 Ok FRIERE I 2 EBR oK FERERD
R Em OIS X, BAERE TS L0 oMb H -7, T O K9 2t
L, TRV F—EFEORSLES] - AGTEI I L > TR D Z LICERT D, #
i L FEFIROmRH 7=V O LC-GHG HIEOF R 2 i3 2 & NOBHEENE
W DRI W THE T E B O 7 3 E i 72V © LC-GHG DHIJHEA R E VW, D
£ 0 AERIEITEREEDS BV O BB U 72 5k 0 s 23N E T T B O 35 A T3 AF
ELTWDHENWIZETHD,
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FCV implementation ratio: agcy
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Figure 2-4 Region-specific evaluation of reduction in LC-GHG (a, b) and the ratios of

the actual to the maximum hydrogen production from BPR (c, d) for regional

division of a prefecture (a, ¢) and UEA (b, d) with different implementation ratios

of FCVs producing hydrogen from existing petroleum refinery plant; 1, 10, 50,
100% as FCV implementation ratio, 100% BPR and 100% FGSTR as backup
hydrogen production with 100 km transport of compressed hydrogen (agpr =
1.0, apgstr = 1.0, apcy = 0.01,0.1,0.5,1.0,8cpy = 1.0, TD = 100). Adapted

from [i].
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FCV and FCCGh implementation ratio: agcy, @rccgn
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Figure 2-5 Region-specific evaluation of reduction in LC-GHG originating in FCV (a, b)
and FCCGh (c, d) implementation with the ratios of the actual to the maximum
hydrogen production from PVWE for FCCGh implementation (e, f) for regional
division of prefectures (a, c, €) and UEAs (b, d, f) with different implementation
ratios of FCVs and FCCGh, producing hydrogen from water electrolysis with
photovoltaics; 1, 10, 50, and 100% FCV and FCCGh implementation ratios, 100%
PVWE and 100% FGSTR as backup hydrogen production without transport
(apywg = 1.0, apgstr = 1.0, agcy = 0,0.01,0.1,0.5,and 1.0, &gceen =
0,0.01,0.1,0.5,and 1.0,6cpy = 1.0,TD = 0). Adapted from [i].
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EFIFAICK9 5 FCCGh 1 A®H7-0 @ LC-GHG HIlEE L OREE 1 EHT- D O LC-
GHG HIJ % 7~ 9", FCCGh D #ERE > GHG HEH 80D LC-GHG ~D % 5-1X., Figure 2-6 (a,
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Do TDT FRESDOEBERREFER OB AN LC-GHG Z BT % 728D 0 fx ik 72138
P TH D TR0, B, PR T v, OMOE MK TR ¥ —7
DREL, BHEBOTEARZ —URNER D700, TEZEMAE DO TIFETH AT
% Z L TR A ZVRIICEATE S A REMEN 2 (Shimizu et al., 2015), HEETH
> THEAEE TOEGELE & HAE D T2 EE AR EOTEH & 32 H I H 3 % & <
THOICEBETRETHD,
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Figure 2-6 Variation in LC-GHG reduction per unit device (a, b) and per utilization
amount (c, d) with utilization extent of FCVs (a, c) and FCCGh (b, d). Adapted
from [i].

2.6.2. TRILF—RDH L

31 DOKFET R X—JR LEET— FIZ XD LC-GHG D&\ %, Figure 2-6 (a-d)IZ
3FHHOM TR LT, ERITA A N TOPVWEIZ X HKERIED 77— A l#RITHE
ZIHI) 5 100km BENL 7257 T BPRIZ L 2 KFERED 7 — A 2 L T—mgHfE, [
< 100km BN 72T CORKKHT A a4 v R¥ A 7 )V EL L OKEM

37



(NGCCWE)IZ X 5 KFHRED r — A% RS, TXCTOMMEET— NIIEMARZELZHNSD Z
& & L7, FCV, FCCGh DB AR TT & H 12, EATIHEECHMA A RICED 54 PVWE,
BPR, NGCCWE DJIEIZ LC-GHG DOHIHEN /NS 725 Z L N/RSH7=, Figure 2-6 (a,
¢) Ik DL, PVWEIZ L W KFEMELZHE L FCV A EBATIHA, HEIHE 1 5H720

ORI AEITEEREDS 3200 km/4FLL D & & LC-GHG # B8 T 573, BPR 75 k3 % il
T 5EAICIE . LC-GHG Z HIIk T2 7= OIZIZ BB E 1 5 &7 D OFEREITEERES 9100
km/AELL T2 U2 5720, & 512, NGCCWE 2> bk #E % Bl L7254 12k, M
AEATHEBEIC X 53 LC-GHG HEHAHM L7e, RRT A a4 o KA 7 VHEBILE
7% GHG #FHARENT., AOARN—ADMD KN FEELY HIERNOIZHEDL LT
%, FCCGh D AIZI W TIE, Figure 2-6 (b, d) (279X 912, PVWE IZ L » TKkE
% BiE U726 O 7 LC-GHG 23HII S 4u, BPR, GCCWE 2> b O/KERGE Tl L7
AR HEE < TH LC-GHG M ML CLE 9 Z &R & T,

FAMNEEERZMA L OkFEL2ET D 2 L1F LC-GHG ORI KE < HE LED
. T OFAFREMEIIR O TV D, BIEHKZERT 272DICKkD 3 S>OT7 7 r—F
NEZ LMD, £, BISLKEHEOHAFRES R LX —0 HHifRH 7= 0 DT R
F—HEEITZNIEEL 20T, KFEEZDHDIBRERET 572D 7T 51201, EHROmHA
AREZ RN X —EREMAEDLEDL ZEICEVFHTEDZ RN —BEEOT 2 &
Thb, HEGEE, KB, KEAA A~ A, BEFETYSOHT 2%, Bix g
PIERIIC =R VX =R L 2 0 155, I, KFRRIEIZB T D25 m LI ko T, HAL
TRNF—EFREHIZY ORERRERKBELEMSEL 2L TH D, HlziX, KB

FEEDONROEM S E L, [ CHREO KGEMN S OFBEEAEMNIE D, 7205,
FR & A7z AR 72 1T I D @ IS B RO KGEM 2R E T 5 2 & TR
HLOED BbEL DZINX =545 2 LN TE D, AKEREIZBIT 220%Fm L, ER
EFEIFIT D Z LI0mA T, BKFERIE RS-0 O GHG BEHEOHIBIC 72285, 2
MR R— 2 DKFERGEIC L > THERETH D, kI, KEM AT DL
KOYFT L - T, [ UHEREA 135 72 DI S5 = 3 L ¥ — ik L UVk R RO
LC-GHG % b3 Z & ThHDH, FCCGh DHMBAFEITMA T, ¥ AT LikaH-CE & #
bRBDO IRy FICL DB LBOBEREZWD L, BKROHELE & RO DIl s#E
TRETH D,

38



IRRF A AKFIREFIHT D b 5 — 2D FIEL, KEOE A FF OO Mg » 5K FE %
FoTDZLThD, NABENEWETE CIIKRERRRET 2EAIH Y | KHERHE
RAKFBOTBENRRKEN—FHT, BHHETIE= AL F—FENMELS | BERZR LY —&
P HRLE LT KR 2 HAME TE DN H D, 2D X 9 REPDO LW HEN O 7
BEOREZWHUEA~DOKFEOHEL, GHG PEHEAHIN LG 2553, KFEOREIZKIT S
GHG HEH DOIIMA~DXRIE S MLE L 72 5, WSO EIRI B KR Z i LENICR HiATe
Bt g, B O X9 2 KEHIC BT 5 E R RV —FFE A 723 72 OB 7o 3
R TH DD, BIROHBRLZ I N F—tF 2 VT ¢, HERFNDREDOMEND D
EIROF IR T 2 BBEIC W CHEEICHF LR < TR b,

27. BRI T RILXF— R T LDEHEADE

ARECTIE, MR =RV —% v U TEAGH &AT 5 720 O HpEEHITEE 7 /L % 5T
L. BRTOKRFEZ RN X —IZHT D2 HMPEAD I — AR X T ¢ %38 L CHUER — 1L
X—F ¥ U7 HEAGHTORGELIT > 72, LLF Tl #ldh]= 3L —F v U 738 A5
BB E R L U R L — 2 X T A D FHE A~ OREIZ OV TR D,

27.1. MBICE L= R T LA TS 3 VRO EN

TRAX—F ¥ U 7 HANR & Mkt & OBMRE ERILT DET NV EEET D Z
EMTE MR R LF —F v U TEAGHIZ Lo THIR T & OBARRICIT AN
DL EEMERT DI ENTER, £, VAT LA TV a T Ko THET 2 Hundr
PEIZE 2 D 2 oo 7o, Al R A M b9~ = & T R TRE e =k L ¥ —
BROFH & &, = VX —FEE & = 3L X —FIH B OF =B FAM~DEEDO K
XVHIEERETH D Z E R0 o T, TRAXF—FEEEN KIS VHUEIT L, HrEAD
WO RELSRDAEELNH 50, =X —FHEAROFHAFE MLV & LC-GHG Hl
WENSRENIZR>TLE D ZEBHLMNIR o7, FCV #EAT 5854, BEIH G
FEERER TH D05, KREH CIRFEMETTIEBEAN BV M H D 72 D12 Z T £ LC-
GHG HIEEN K E 7o 2 &R oTz, FCCGh Z AT 256, B0, #E
(ZfE D GHG HEHH B OEET R & < 72, B 0EFIFH %1% LC-GHG B &I K & < i

39



U, 33 2 B ABEO R E WHURO T b 3BRAHFI A EIC L - THIREIGEDN R H
L2 ERHALMNTR T, F7o, FIHFRER =R X —EIROFE & BTk = Lo i
R0 HIRIC LS T AT LA T a T E OB RER T R L —F v ) T OENE
RHZ Mol FRZ, m X F—F ¥ UT OEANESR, ZOMHENEZ T
AT, TR —ERICZ LK TlE LC-GHG % Zh AU HIN C & e\ Al REME
DRI, LEOX ST, ZRxAF—F % U T OEATITZRLF—Fx ) 7 OR
ENRSFFICEDL ETOY AT ALK TOHBE DS L > TE DR BN R D
ZEPHLMNIR ST,

HUIE R = R L ¥ —3 2T AOFHE TIL, Hillk & S A7 LA T2 g v OMEMEE HHr L
THESNERETH D, BRI, ERICHIKO = R L X —F% v U 78 AR E 08
THZET, HURICHE L7 =R VX — T AT AZEFHETE 5133 Th 5, Hilgdhl—xr1
X—F v UTHAGHIE, BHEDT AT AT a o0 T, HlkE o447 9
ZETUVAT AT v a UBNREOHIIZE > Tl L TV A0 EMatT 5 2 & ORFE
OHIEIB W CHE L2V AT A4 T v a v aRadT 5 2 SICHATE 5,

HOI AR HT IS 31T D MUK 3 D EFRIC L o TR D728 Mk K /3 1d = kL F—
F ¥ U 7B A ORI bR < BT D, MEIRO X9 ZRATBIX 3 13IFA LT
HIEX 7y T 278, AT OBERFRILEB /S ANCHEB IR, AT, T3EHH . (LRSS o
FED R D X2 & A TE Y (6T L #il] O 4 9 2 LTl kX5 Th
D LIER B 20, et REYIC, TKETR O K 5 2/ h S 7 il X 5 Tlid, =R v F—E %
% <A 2 itk & FEE IR & Wik 3 B S Au, TR IR A TE T 5 B ORI 2 S
IRWTATREME DS & 5, FRTHE FRBIIL, Mtk 2 7 A 2325 2 DI 22 sk D 55 7 % 1
PO EE U TER A L7, Figure 2-4 3 X O Figure 2-5 (2777 L 912,
HRIENT IR & # TR B 0556 C LC-GHG M RF-AT#E R I1X S 72 - Tz, [/ CERE T
FNTH-oThH, BEORESIENRRELD D THDH, HIkE DT 5104 72-C, i@
BFESFAEOITER, LHEMA, KRS, HBISEE, Uk, #5 BIGRE O« 72
REZBEIZAND ZENTE D, 20O X5 i LU BERWEMAET TR <,
F— S OBSFHEM B LT A 7 A 7 VBRSO ORI FH T RENE § & 54
TRTHD,

40



M XSy S B2 UEHI COT RV X =V AT AOFHEICEDL LT 7 42— Kb b
ZEPIESND, BT, #HEMEITEEO TN 2N > 2B TH Y | T
FTE D IR SBOHEE DS B & 702 2 W REME DY 8 Do N B % 4 Sl A LR i o0 SL [RIRI 45
HE L L7 R0 ThN TE TV O, BRI 27 7 ¥ —03 i 2 5 & B E 1
LL 2D etk S & 5, HEOHIKX 5y O TOBABRE GHT LoD, EEEOT R LF
— VAT LOFHEICIT @O L S A BIFR LR 5 U R MUk X oy & T 2
BER® D,

272 BRI TRILF—F % ) TEASTDERE

AREECHERE LI HIPEHITS T T /C DWW T S DO E 2% 5, 1 2HIE, FHAT
BT HHEORLYMORETH H, HELT-ET LTI, FHTOZR L —FR
NI UAZFRELTEBY, K#, B, AZLOEBZZBEL TV, ZAbEBET
% ERMEFIHFOWD & L Hic, =3 F—FE L R ORI E L OERNX v v 7
MO LT OO RV X AP B LB L I D Z ENEESIND, o, FHEMTOFMmIT
FIASRSOH B IR L WES L Uiz, 72 & 21X, FCV O IE, AT
BIfR 72 < 129 FRICERE LT, EBRICIFFIARITIE U THEAFEITR R D /MRS 2
7o, FHlFE R ORIITIEERNLETH D, 2 DHIE, BAHEINZER L Tnos 2 b
Tho, HotioRRBEL KO RITBLEOEANCKITAMEE L THREF L TER
B7pvy, BlziX, EBREBELC AT Y v FET FCV OBAHETE 720, EKe—
R 7L EERREFERM OB A HIT & 70 0 152, BAHIN b B O IiHMEZ1T 5 Z & T,
PEHERRFHC L D BT EA OB ERENFRE L 705, 3 DHIT, HHO= /L ¥ —F
U7 OlgikaBE L TWeWZ & ThdH, HilsNEE, T70b6, #AEMNRNE 721348
J&E BN T OBRED B DBRFT S AL TV D23, BLFERICIE, RO b Bk & 72 0
155, Bl2IX, BAEFRT R —EIRDZVHUE) D = 3L X —FEPRRE 457
B RN T OB A~ DL DR B 2 B LD, HPEEHRS AT & (GIS) #1EHT 5
LT HIEMOBEREBSE LTIV AT LAE VI 2L — g TEDLLO R
VIalb—H—OIELEZLOND, 4 OHIE. LC-GHG DAL D A % i iR & LT
W5 Z &L ThDH, LC-GHG il DGR T TITHk D =R ¥ — 2 27 AOFHEIZ I 1T
HEBREZITH Z LT TERY, BEECIIRLEN, B2 XAV EOMOIEELH
L., ZEICS AT A EFHTT 2 MENH 5, &%IZS5 2H & LT, ERENOHK

41



ICHMTZEATEV T U AIBESN T ARNZETH D, FiNEASREY AT A
F7a ORI TEDLN, EDVAT LA TV a NNIEDLE TOELDRER A 7 —
& T AT LNTIERY, —OORHWTE TOFME TIZAR <, T A —F DOfERF
AL ZHEE L, 2 EAT 5120027 22 RTHERD D,

FROETNVOBEEMEEL T, ZOETILOMELZE L THL L /e - 72 il h—
X —F ¥ U T EAGHOFEIL, 7 — % OBFFATREME R OHT O K E el & 725 =
EThD, T—AAZT 4 T, BT —F ORI RAAINTWDLT—F 2
LTCHrE To7en, T L KT OF =2 NZ A5 TNDHDIT TiERy, E£7z2,
Z< OO T — 21T, ATEHEZICE->TE OB TED . ZOH T HHEREN EHAL
TLAABHSh TWRWT =2 SFEET 5, TR E HE O X 5 127 EIX 55 L
NOHIL Xy 2T 256, it LR o7 — 2 2 iE kT2 L8RS 5, FHAERRE
TRV FR—DRT X VBT RIS RN, B oF#HEEL Z LN TE
R TR F— D FAAEE ST T DRI HTEREICEE LT, A OB B TRRBECE )
BOFTFE Y —  OFRITFER IR Z & OF @R #RHBRMLETH T, Fz,
= AAZT 4 TR FEAO R TOGN 24T o 12y, PERERERE OMOER T
M 7 Ay N T EICHABRENR R > TR 2nEn0E 7 A b OHUIER]T —
B EGLOIFEH LV, EHIT, BT VBT 5B TR L7 X 5 e 7 L OREIE,
BGEAAT O ToOIZIL, S DICFEMRMIRO T —2 B & 70D, i OHER| T — %
DEFEN NI TH D & & HIT, FEMRT — & TOHIBEE AT 21T 5 72 DI2iE, Hgkh)
TOHHT TR HIN TOREST — # 2 R0 BRE 28 XA AT T g & 72
2o

42



BIE IRILF—Fv)TEAITEIT S
IRNF—IRT LOFTEDHE

552 BT, Ml = kX —F% ¢ U T HAGH AT O L OMPEMTH S I 2 L —
I UETIINEHBREL, F—AAXT ¢ @ L CHIEHMEOEWIC L > Tmgf X —F ¥
V7 B ANLTEBEONRITENN R ONDZ EEZH LN LT, KAFETIX, ZETIZ
TONTELZ X = AT LGHH - FGHE R LT, #ipEHIHY I 2 L —v 3 12
L HIE T XL F =V AT AOFEO =R AF—F v U 7T EHEATBT HNAE ST %
ik 2, 61T, b7 vt ARG & g = L ¥ — 3 X7 LOFHE & g L TRt
B« FEHTEO FERENEZH 60T 5, KEIC, RFOT T r—FIZ Loz

BT A HATE AR AT r v 2 2B E I, TR —F ¢ U TEA
DI DB RIRTOLERIIETNC BT HHIFEEHITE O X 2 L — 3 2 2D < Hulgd)
TRNF =V AT LAOFHEOTERAATREEZ BLE L, S HICHIE =L ¥ —F ¢ U 7
SINTIZ R B D B2 k(b T 5,

.. MR T RILXF—O X T LOETEHOGE DT

3LL IRILF—F v ) FEAICEET 5 IRILEF—DRTLSH
MEDOLE 11—

2 B CHUERI = RV —F v ) TEHANEAT D L0 OET AR LIS, 20

SHIEZ 2L X —F ¥ U 7EAOHEY) 72 IR O 2L X — 3 27 AMERK M

LCHEL, BAZITHITZDOOLDOTHDH, HIBBI=RLX—Fx U 7EANGH CTiX
IR X R D CU AT DA T v a AR L, EORMIESDOTHIPEEY I =

43



—3 3 Y EITV, LC-GHG OHIJEE DRl 23 Tihiv b, T DO—Ho 7 1t A & Hileh] =
FNX—Fx UTEAGHT L LT & &, UK 0V AT L4 7 2 a3 o T EIZEHlRE R
TR E L EER Y AT AR RET S 2 & THIRI = 2L ¥ — 3 27 A OFHEME
Sy

THIF—F % U THADTZDIIT ERORME AT L7200 I 7 uig A r—)v
TOZFNANX =V AT ANLEBEDO~ I a g A r— )L TOT RV~ AT LET
MBIASEZDZ ENTE D, =R F—F v U 7EAGHTIZELDS < #Hlgh =1
F—V AT LOFHHN TR F—F v U T H AT TR TSN Z BT 572012,
INETIITONTE LR AF—F v U TIZHET 5 = 3L F— 2 2T L34 O
HxLEa—L, A —V EEHLWVIEROT T VEDORr— (LT, BEA
TF=ABLOKBE A7 —/LEMES) TOREKEIT), 22T, VAT L0 Eid ¥ 3
2= g VEOFHEICEV AT ADNRT v AL L, WS AT MO
BRRFED/RT A =L DEBERLNICT HEOGNEITH) 2L THY  FHHE & X2 D
VAT LEEANTHTDIT, VAT AOHTORBRIZE SOV TRHED VAT AEEIRT D
N R

FPT ZFNF—F v U TIZEHET D =R F — T R T DT O 5B ORFFeE A & B
T DI, A2 T A VT — X ~X— A D Web of Science (Clarivate, 2020) % F|f L
T 202047 HIZHF—U— R EIT o 7o, MiEF—TU — K& LT, “energy system” AND
(analysis OR analyses) AND (“energy carrier” OR hydrogen OR “power to gas” OR “power to
liquid” OR “power to heat” OR “power to X*) TR L7 & T A, HEIL 87T ThH > 7,
TRNAF—F % UTIZEH L TIIkkx 2 REBLN ST Y | Yenergy carrier” IAMT & BEEL
THX—T—FROWTUNEES>TWLIHEDEMSRE LT, SHICF—TU—F&L
C’simulation”% AND S CiBM L TRBE L7 & 2 A, 196 T 7=, Figure3-1 |Z4F
T L OHBEDOHER 27”3, FRIC 2016 FELUREICHBE A MO TW DA R S, 2
DIEDOREALRERESTETWDL IR D, VI ab—ra XD a7 50t
Fix. ZORHFTEOHEEZLHDTVD LEFZXD,

44



AN TNOS© DN TN O OO ANV OEONOAMNMTNON OO
ot ek o ek e et N C ok od ot ol ok ok od ot 04N

DO

[ R-R-E-E-E-E-F-E- P B2 2] QOO wt s
COOO0OOOO0B0000O00O0OOOOO [ R R e e o R - R =R
NANNNNNNNNNNNNNS NSNS S S NRNNNNNSNSNAN

Figure 3-1 Number of published literature associated with energy system analysis and
energy carrier based on search results with keywords of (a) "energy system”
AND (analysis OR analyses) AND (“energy carrier” OR hydrogen OR “power to
gas” OR “power to liquid” OR “power to heat” OR “power to X”) and (b)
“simulation” AND keywords used in (a) in Web of Science as of July 2020.
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Table 3-1 Scales and details in analyses of energy systems using energy carriers
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Table 3-1 Scales and details in analyses of energy systems using energy carriers (continued)
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LCOE: levelized cost of energy, LC-CO,: life-cycle CO, emission, NPC

storage, IRR: internal rate of return
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Figure 3-2 Multi-scale activities for energy carrier implementation and roles of region-
specific energy system plan to link nation-scale activities and site-scale activities.
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Table 3-2 Comparison of conventional chemical process design and regional energy

system plan
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Table 3-3 Model description of system diffusion process and applicability of region-

specific energy system plan in diffusion processes from viewpoints of diffusion

process models
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Figure 4-1 Region-specific analysis approach combining region energy model and life
cycle assessment (LCA). Adapted from [ii].
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NFCV D 2 % —> DA H DR TH D, Figure4-2 IR TEY | ¥ —ARAXT 4128
FTHLCA &L LT, =R F—F v U7 BLOGEM - BEERDOTA 7V A 7 VEBE LT,
TRNVFXF—=Fx VT DT A T7H A7 /VITHEHED LCA (Nordelof et al., 2014) Tl well-
to-wheel & FEIZIND HDICHE T 2L O TH Y KEORE, ik, HHZE &, B3 -
WD T A 7Y A 7, FAEOMER, B - BRIERLE, A S, A YA R T
DOKFRE, TROBEELRNWI EEZME L, KFEOWED AT — I TS 572
D DKBIEAMEDO =R NF—FANTHET L OBEERF LT, %A F TOKER
e LD KFRE LN OGFREZRFT 2 EN IO —ARZT 1 ODEHERH
)T\ T 5, FCCGh B L NFCV IZ X > T 10%DRERET BT L %
FE LTz, 72120, HIFPHIE A =74 CTH D720, HFICBET 537 2 — 2 | 38UE
D %fE -7z, HIEKIXSr & LT, AAROIIEN R L OB Z xR L L,

67



Table 4-1 Settings for life cycle assessment (LCA). Adapted from [ii].

Items

Settings

Life cycle background
inventory data

Life cycle foreground
inventory data
Life cycle boundary

Assumed time frame

Functional unit
Technical information

Region-specific
characteristics

Emission substances

Life cycle impact factors

Direct applications of LCA
results

GIS software

IDEA v2 (AIST and JEMALI, 2015), ecoinvent v3.1
(ecoinvent, 2014).

(See also Tables B-1 and B-3 for the cumulative
environmental loads of main inventories)

Implementation amount and fuel consumption in each
region are estimated by the simulator

Cradle to grave for energy-carrier (EC) life cycle
Cradle to gate for equipment life cycle

The future, when the hydrogen-related technologies have
penetrated to 10%, but the current status was used for
technological parameter settings

One-year use of alternative technologies with 10%
replacement for the conventional technologies

Refer to Table B-2

47 prefectures and 247 urban employment areas (UEAs)
in Japan

(refer to Table A-3 for region-specific parameters for
simulation and Table B-3 for region-specific inventory
data)

CO,, CH4, N>O, NOx, SOx, HCI, NH3, nonmethane
volatile organic compounds (NMVOCs)
<midpoint>

- Climate change

- Acidification

- Urban area air pollution

- Photochemical oxidant creation
<endpoint>

- Human health damage

- Social asset damage

- Primary production damage

- LIME index (integrated single index)

Refer to (JLCA, 2018) for details of the LIME2 impact

factors.

The specific values of the LIME2 impact factors are

available in JLCA (2013).

- Strategy planning to develop a region-specific energy
system

- Design of the appropriate regional division for
technology implementation

ArcGIS 10.4
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Equipment life cycle > . ———
Solid line: Alternative process/flow Dashed line: Replaced process/flow

Raw material bV Photovoltai .
) - : otovoltaic power generation
rocessin > .
P & Device . WE: Water electrolysis
Energy manufacturing FGSTR: Fuel gas steam reforming
production FCCGh: Fuel cell cogeneration for household use
FCV: Fuel cell vehicle
Background processes ICEV: Internal combustion engine vehicle
Energy carrier life cycle electricity
HZ . HZ
PV > WE » Compression FCV
| gasoline
Oil refinery ICEV
city gas/LPG
H, H, hot water ™ot water
FGSTR FCCGh =_____; users
’ City 835/PS f \ater heat Electricit
N ater heater - ectricity
Grid power i [EN
p electricity d users

Background processes 1. Foreground processes

Figure 4-2 Energy system boundary considered in this study. Adapted from [ii].

423 WA TRILF—F ¥ ) PHEMES S A L—23 Y
ETILDILIE

B2 BCHEE Lo HE T T VA IRIE U, SRR E DA X R U T AT
9. GHG #7200 TR <AMDOHHHME & &0 THRIHME Z L OFHRENTE L L 51T,
FHERICBT 2 RS L O RO ST BRI E A £ T T E D s Mz 72, B
Z VX, EF., pfroduction yg3znzh EF., ¢Productiong I 5 cAH L2, HEE L L
T, BTEDZ AN F =2 AT LICEWTEHRRE L 72> T3 CO, CHi, N20, NOX,
SOx, HCI, NH3,NMVOCs % & ® 7z, ‘kJJFEEFTTIE NOx X° SOx 23 HEH S v, BEMEL
KRETEG A5 & 2§, BEHIT NOx X° NMVOCs 23k S, b AF 40 ME

RORIN L 725, DOMOPEHPE D CHa, NyO, HCL, NH; (IZ229WT b, KA Bl
b, RRKIGHIZHEET 572D ED T,

ETNEMS CHE LA VXU M) T =20 A 287 Nl LT, LIME2
(Itsubo and Inaba, 2012) (21T D XUEAEE), EetE(b, R&UG%, HlbFAF X MK
D 4 SO Z RET L, AMEERE, (G E, —IREFED 3 DORENRIZEIT S
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PEFMZIT 2D & 91 Uiz, ARIfERE, B PE, —RAPEDHEFAMILZ N ZIbE
ETEEA MR (DALY), 25072 DR ER 2T 2 BORGFEE (M), fi—K
AEPER (NPP) ZHEHE L T2, £/, SMIET (M) & L THGE 2 BH—FEE TR+ 5 7=
¥ @ LIME index (Z X 23l 17 % % & 912 L7z, LIME index 1%, ##5FxF L COHE
BALD T2 DIRE 2 B DRI I SN TR TZH D TH S (JLCA, 2018),

LIME2 T3, #rioRAiG Geds LUk AF o & 2 MERICE LT, o, £
BHTIZ IS WHEHGIT 2 & DA X7 MEEMDSHE S TW5 (JLCA,2013), 372
DH | PEHHWE O RK PP E BIE PG O KRS0 N 1 5 O PR 5
DA DL T DT OIZGINIC X > TA N7 MREBER LS 22 TH D,
B as DRGE . RS EHAEL O BFEIZ I 1T D PR, B - SR S D 5T L 3T
Lb—HL2RWied, HRBKROYEN A 8T MREERWDZ L L LT,

HTuv ATBT HWE L OPEHEREKITZA Xy b Y T R R R ST,
B O R FECERE LTz, M BHLERCREL - B T v RSO NNy 7 7T
¥ F7ut 2ICBT P b & O Ty - B fE s JOYREHME R O >~ U 4547
D=, BRATHWLND A Xy MY F—&~_X—Z_ IDEA v2 (AIST and JEMAL,
2015) ZFf L=, 7=72L. PVWE <° FCCGh, FCV |[ZBIL Ci%, T —Z NE N o772
. 3CHK (Evangelisti et al., 2017; NEEDS, 2008; Zhang et al., 2017) % 32 L7-HH 217>
oo AV XY M) T —=EX=ZDFEIZL > T, VAT LR XY PRI LT20, PV
CIRBIEM DA R R L LT, E T X TOANH ITERO A ecoinvent (2014)
¥ L O NEEDS (2008) OF — % % AW FMEC2—T 4 VT 4 DRy 7 7T R
g A CTOHEHIZE L CTIX IDEAV2 OF — X & F\ iz,

T AAHRT 4 THWZA R U TF—% HiffiE®R, #3772 —2 DR EIZD
WT., ZNLFH Table B-1~3 12F & o7,
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4.3, FEE#ER

43.1. REEEHTED LCA DFER

NFHEREEIC 1 5 LCA fi& %% Figure 4-3 [Rd, JbifiE, SAUED, f@ IR, hid
WL 4 #ERIZE T 5, FGSTR 3 & O FCCGh, PVWE # L U8 FCCGh, FGSTR £ XL}
FCV. PVWE BXU'FCV & 4 DOHFEAHAG ORI HONWT, T4 T A I NVAT =
BIOA 7 M7 TV BNIEHE LT=, 4 DSOS DI 1T 2 2RH 28 m
E LT, ERTOA X7 FBLONFRITHIR Z L ICR e 5% — U R b, &0
M, B AG DI T A RELBENFERA N7 7Y Tholz, COs
D NFIERER FE~D A > 737 MEEKIE NOX X° SOx, NMVOCs D1 > 37 MEH L ¢
1/1000 725 1/10 FRE/NS WS, COp DHFHEITMOPEH LV & 2 MLl E B BN
GHG HEHITERT 51 37 MIMOPHHIERT 26D L0 9o L K&, NOx
R SOx (X, KSIFEHCTOPHT ANIEDO L H1Z, £ DT rEATRE L ~LHRMEL
BRHEIITREINTVDLDITH L, CONTEHEP N ENNETHDH Z LD CO, DA
N7 RPREL 2D —HTH D, WATHRK LG YIITEL TR T NIRRT E A~
FHPKE L, IR T A 7 A I VAT —DIC L > TRK 30%REE DT\ 5,
AT 2 MERITIZE A ERERR LR, FMTRKRER, Rhpncs T
DIREET AR0H V) SRR ICEV OETTRE, K EFT COFRERE, T3 A Hlik
RJFEHLEIZ I8 1T 2 BREHR A B PEH S 2% NOx <° SOx N ERIFK TH 5,

Figure 4-3 (a B8 L WM o)DILAHIKRDKFELE -7 A7 L L Figure 4-3 (b B LN d)D
PV HRDKF 2T AT Da % & FGSTR 7> b DK FRIE D T5 Db A AL )
5D CO PN RE Nz, IERTO NMERHE HRE Lo TnD, PV ROEME
8 OO RIS O N\ PR B I e/ N SN 2 & A0 D, PVWE T L 5 Kk FERE R O %R
TR STH YL FGSTR (12 K 2 /KFRIERFO D LV b RE WV, T, PV S LD
T ARER D 2 —ERFIC Y A Ty PO D Y 3 g —N
S FELE, BT o BES o flE 7 ot 23 L OUFEHLEE 7 ut 22T D= oL
X — AT D OBEIMRBEZ L D SO HEHA—RTH 5, PVWE OE A TIL, KFEEAHM

RIS B D 7o KBRS XY D EME O %523 FGSTR D& IZ AR TR E N

27,
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Figure 4-3 (a 3 X' b)® FCCGh BAZNRIL, @D 2 r—/ViTiE > TV 573, Figure
4-3 (c BEU'A)D FCV EA &g LT, AMEEEHEOBA TE Y RERUEhRN
H.54v5, Figure 4-3 ()23 L 912, FGSTR 38 L WNFCCGh OEAIZEBWTIE, 74
THA 7N TOHKEDOECEITEDOHETEH/NES VY, FCCGh HATIE, RHEE I
DRI D BEHNASRBE AT A8 A ORI L S BEHNR LV HRE D o7, FCV E
AT, FCHY U AERORFIZ L > THEEDHIE S TV, FCCGh fEIZ LD
B OB EITEL TE 513 L/ o 7223 FCV BLEIC K 2 48F 0¥ & IT ICEV #iE
DRFIC L DWEDHIHEL Y bRE N7,

Figure 4-3 (d) CiX., PVWE 3 XU FCV OEAIZ X o TIEROHEFILH £ 0 kL L7
W2 EERLTWVD, PYWE BLOFCV O#E AL, HAEMEZ R A —%2FHL T
DAL L THEOHITHIAHE OB & LT 4000 EEMERH S, OHEHEO
FARPMELS . BB HRGEROBRERBE~DOFLENPRE N & OB D ICEV 214
BT Z2BEL WL, &S VY AIHEIZEIZERELS RN T
& QIEICEIT DT RN F—RADRKREVREIE A 2 > 7 LORKFEH 7 BLETH
572\, FCV BUE R O BB T ICEV BUER ORI E LV b REVWI & @KHE
JEMEIZ 20 OB N ZHE L, ThERKEINLDOENICI>TH-TWL 2 &, T
bH, YIalb—Ta BT, FEEIZEDEE MWD T & o T LCA KiRIE
BAbT 5, ZORIZONWTHREDOEITELRT D,

Figure 4-3 (b)?® PVWE 35 X ' FCCGh O AIZEHB T 2 HURM OEWIZERT5H &, B
FUCOREFEHIRED b K& < RN CHLRE ., @i, OIECTh o7, ZDNEEIL
Figure 4-3 OHENF A ORED D> ZNOEF T/ L7z FCCGh OEAZEDNAEE —FH L
THEY, HHEOHIHEITHIBOTFEDO K E SITKFT 2 2 EPRE S5, FCCGhl &
b2 ORCEHIREL, AbifEE. B, fmk, W TE L 0.24, 0.16, 0.19, 031
DALY/(yr-10° unit) T - 7=, JLEE SR L OWRIZI T 2 2/ E /1O GHG HEHFRENT
ZNENHARD 10 ENSAEDOFEO 13 £5, 155 TH D720, BEICRIT 2 IEERHAL
DBRENKE o,

Figure 4-3 (d)® PVWE 3 L ONFCV OB ATIX, B7 7 7 2IRICB T DT YV -
HIB OB S IR R O KRE o7, 1 BHT- 0 OFERTOVELETIHRNX, b,
R, R, TR 13, 9.3, 16, 27 (10° km/yr/car) TH D . HBIZ 1 BHZ0V D
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FRITONEEEITIERE B b BV o AB ORI RN R b @V 2 LSRR T 5, ki
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(2R D BEEHIREOE VI 1%UNTH o7z, KELEMIFID 72D OBROZHE) &

HET D720, RMES) GHG PEHIRE O R E SITIKFET 5 Z L RB Sz,
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FEMEREOPER I/ NS VOITINAZ T, B Y U AFHEEZHIET 5 2 & TEHigk RIS
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IMhOHIK L D BRI TH D, T2, SOx ° NOx OFHIRAKIGY I T 5 Rk
AR BAM ORI L 0  KEL 2o TWNDBZ LMY, FERICHBLIZLEZOND,

LCA FfR~DBR 1 OENE I 572010, BB EHFIC OO T H O &1T
S TR R % Figure 4-4 (TR d, ARG E & G ERRE O 7 CRBEZEN S T E R
A7 N ATAYTHY BIUICER S 2 HSEEREORISIT/ NS holeizd,
B PEPE ORI R D37 — AT NS L L T, Skt F o 2
MERUTEE R T 2 #E IR T OHATRAS O, IS W TER TE 512 E /NS o
koﬁﬁ%@ﬁi@@ﬁﬁfﬂﬂﬁ%@%yﬂ7F%ﬁ%ﬁ%bf%ﬁ%kb\H@m
4-4 (IR T LI PYWE BLUFCV 25 A Lo A, AMEEEEE &gy, 1l
TOIEROHE EERE EITHM LT,

—RAEPEWEICB T D LCA #5FI22\ T Figure 4-5 (239, —RAEERE T
FAF UL NMEREB KOS BT D0, ARREREEO S B R E & 13 R
DT T T DR =N BN, PYVWE IZX - CKREEZREST DA, PV O/ SR
BEICRIT DT I x— ML 7 2® 2 TNMVOC 3 &M% (ecoinvent 2014) 72
KFERIERFO NMVOC HEH S EICHERINCE S LW e, RSB HH VU
BT D 2 LT X D ENIEIL, BB OO OBREHT 24 o8R0 ICEV flxE o
R L DBEEANRE LV b RE D o7z, BRIV T, 2 b OBERED b D Hy
HED BRENDOIL 2 DOERND D, Kl o BB EABITEA DL, B, SEEEST
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EL b ool JUMHLE TO NMVOC OBFERENKE N ETh D,
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Figure 4-3 LCA results on human health damage for implementation of (a) FGSTR and
FCCGh, (b) PVWE and FCCGh, (c) FGSTR and FCV, and (d) PVWE and FCV
implemented in Hokkaido, Tokyo, Fukuoka, and Okinawa. Adapted from [ii].
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Figure 4-4 LCA results on social assets damage for (a) FGSTR and FCCGh, (b) PVWE
and FCCGh, (¢) FGSTR and FCV, and (d) PVYWE and FCV implemented in
Hokkaido, Tokyo, Fukuoka, and Okinawa. Adapted from [ii].
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Figure 4-5 LCA results on primary production damage for (a) FGSTR and FCCGh, (b)
PVWE and FCCGh, (c) FGSTR and FCV, and (d) PVWE and FCV implemented
in Hokkaido, Tokyo, Fukuoka, and Okinawa. Adapted from [ii].
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432. LIME index [Z& 5 LCA #£8

FigureB-1 {27k 318 ¥ | LIME index (2 £ % LCA #ER X ABEREHE L IZEA R LY
TITDONRE—=Tholz, 20, HAEIZB N TAREES~OEENIEATH D |
HEEES—REE~DEBII NS holzbnd 2L TH D,

Figure 4-6 (Z#5E NI T 0D LIME index O IEM DI 2 779, 42T OHBEFF IR 2 L
T2 2 LT, AR BT 2 HIBRFHE A EE LTz, 4 SO AGhEICE
WTCHL 72 23 AR FL 57, FGSTRIC X Ak FELED YA Figure 4-6 (a and ¢)lZ
/RYIEY . LIME index 11T & A EOHIEK THEAN L7, FCV 8L FGSTR D& A DY
A A TOHIE T LIME index 1ZH{/1 L7z, FCCGh 3 XUV FGSTR # AT 544, &
B D GHG HEHAREHS FLB Y O ik © LIME index 28HIB S T, R,k
e (HEPCO, 2017), 4bF2 (Hokuriku-EPCO, 2017), H'[E (Chugoku-EPCO, 2018), PU[H
(Shikoku-EPCO, 2018), {fi## (OEPCO, 2017)\281F 5 FH 728 I S+E 0 EIRRERL i,
FikF LA MK DEIG D 60%LL L& DT,

=

Figure 4-6 (b)IX. =N 5.1 575,89 3,74 B 7,13 AHDONAEH 2 D&M, K
B, ZHEA, B TO LIME index ORISR ENT L 2R L TWD, T b OHE T,
ik L 0 b =R A X —FHEB LA V7 MEEBRRKE W2 LY %< O LIME
index DEI R BT,

Figure 4-6 (d)® X 512 PVWE 5 XL O'FCV N E A SN 554 LIME index 2301 L 7=
7 L — T T S HUsds L OHIED /N S WIR A L TS S itk T
X, SREE S OPEHRE N E < . KFEIEMERFO LIME index Q¥ DA HRKE 3o
oo REBTHTUTIR OESENF I TIZ PR EITIRREN R < . RE N OPHIRE B IR &5
IZ NOx X° SOx DHESHHIHAKZIGRICBIT D54 237 MEEH /NS Wiz, PYWE B &
O'FCV DEANRNRITH D Z LB gnol,

Figure 4-7 \Z#EFIRTO— AH 7=V @ LIME index O IEWROHIEEZ /<Y, —AHT
DOHIKETH L7, NAFBIIKS 2 WE AR E /D Z LA TE %, Figure4-7 (a
and ¢) C/R "L 912, FGSTR 3 X OV FCCGh M AT X » TH45 LU EOHBERF I T LIME
index 23§/ L, FGSTR 3 X TN FCV O A T4 COHRENF LT LIME index 23840 L
7z, Figure 4-7 (b) TlZ. PVWE ¥ L X FCCGh D AIZ L » CAbifmE, dbke, hE, [
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[E, i & 9 RHFEE ) OPEHRE AN &\ O itk T LIME index OBIIREM @ -7, B
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leEn-, ZNHOHEKNG, FIFEACL > TED L S READEREZENAEL S
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(a) FGSTR+FCCGh (b) PVWE+FCCGh
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Figure 4-6 Net reduced LIME index represented as logarithmic values for (a) FGSTR
and FCCGh, (b) PVWE and FCCGh, (c) FGSTR and FCV, and (d) PVWE and
FCV implemented in the prefectures in Japan. Adapted from [ii].
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Figure 4-7 Net reduced LIME index per capita for (a) FGSTR and FCCGh, (b) PVWE
and FCCGh, (c) FGSTR and FCV, and (d) PVYWE and FCV implemented in the
prefectures in Japan. Adapted from [ii].
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Figure 4-8 Net reduced LIME index represented as logarithmic values for (a) FGSTR
and FCCGh, (b) PVWE and FCCGh, (c) FGSTR and FCV, and (d) PVWE and
FCV implemented in the UEAs in Japan. Adapted from [ii].
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Table 6-2 Questionnaire (I) to the workshop attendees: Regarding regional energy
planning
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Table 6-3 Questionnaire (II) to the workshop attendees: Regarding regional energy
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Table 6-4 Questionnaire (lIl) to the workshop attendees: Regarding regional energy
planning

(1) HIRNH D AT — 27 7R )V & — 0538 L CHU O FH 8 2 32T 5 L CTORBEIM7Z & BunE
The SEBECTRRALTIESNY,

Zjﬁu%ﬁ% Al A2 A3 A4 AS i A6 AT A8 A9 1AI0 All:Al2:Al13

(a) EMICKRSHkEEIZ) 2228 5 4 2 5 4 4 3 4 4 4 4 3 5
B, ZLDAT =7 RV E =T L
D I 72 RS A BT D,

(b) EMICRSHUgE A CcCs 5 4 4 3 2 3 4 3 4 4 4 3 5
RN TICED D78, FHHEE Y
IZHEE 20,

(©) ZHDOAT—IHRLE—NWHE 5 4 5 4 5 4 3 5 4 5 4 4 5
LErEdnL, BRRENEL /2
Do

(d) BT L. WEs oA 4 5 5 5 3.5 4. 5 2 5 3 4 5
T B AT — T RILA — BN,

() EVa yPHEI & FmEL 3 3 5 4 4 4 3 4 3 5 4 4 5
EHSNTELY, FHENETOR
RN D,

) HEAT—VHRALFE—DAY Y~ 5 4 4 4 4 3 2 5 2 4 3 4 5
NiFox v LAV EHEOEF—
a BN ENRBRU,

(@) THRNAX—fE - FIH - I+ 3 4 2 3 3 4 3 5 4 4 5 4 4
ik E TEHEDI-T R —DEFHEIC
B D IERIESCREAL 5720 & 0 F
TR 7 4 5 BE N U,

(h)y =bF b YAtk 4 4 1 3 3 2 3 4 4 4 3 3 5
RCH TR RN = AT L EE
EFAHOICH LTV, HDH 0T
WL TWDENE I MBI ETR,

(i) =0t v v

A2 —HOBWET, MdEES, V—=F—=puniid, 2THr#EHT, 2ok, £oREENT
L, M, LRMEANTEZ TV,

All TROEI BB LH IR EENET,
CFETHEEBREZIAATELROONR DN RN
© VAT AFHEIO MR, RERIMZREE A RS D O E# L
c NABIRIEMEEHI TH AQZERCT 2 LA HECHHEL LTEXTCLEIYREENH D
c BB YL ENHE T —TFT —32 3 45720, kEENME TR W
- HORIOEFEFELSDIC L KOG E 2 2 REE 23720

X FoOMOa AL MIHOWNWT, NEEZENT L27-DICETEEZRVEH T #EE I L 5E
Ex{To7,

125



Table 6-5 Questionnaire (IV) to the workshop attendees: Regarding regional energy
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Figure 6-2 Regional energy planning scheme developed by group A
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Figure 6-3 Regional energy planning scheme developed by group B
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Figure 6-4 Regional energy planning scheme developed by group C
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Table 6-6 Detailed activities in implementation of energy carrier based on region-scale

energy system plan
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Table 7-1 Relationships among activities in regional energy planning and

implementation
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Plan to reflect regional E ion results on three dimensions to prioritize region

specificity in nation-scale [Chapter 3]
energy system plan [Chapter 3] s . N
I Nation-scale energy system planning
~
Goal
EN Region-specific analysis and energy sy planning for impl

~ Plan to show quantitative benefit

Model modification and simulation for region-specific analysis

Op data of energy carrier implementation “Social ehviroamont chanas, ¥
[based on the constructed model in Chapter 2] : 9

Parameter setting Simulation results Simulation results

Parameter setting

i
+ Inventory data z ey = | Classification of regions
+ Region-specific impact factor Region-specific analysis of Region-specific analysis of | /to generalize knoMgedge

energy carrier implementation energy carrier implementation /" [Chapter 3]
+ Technological & regional data combining with LCA comb_ln_lng ithisocioecoomic |
« System option [Chapter 4] driving force [Chapter 5] .
+ Regional division Knowledge sharing
. . + Evaluation results among regions
+ Results on life cycle impacts on three dimensions.

*+ Insights
(e.g., emission site can be changed
from energy-use site to manufacturing site)

+ Regional vision + Classification of regions

+ Requirement for analysis z

Apply shared
knowledge

Energy system planning in multiple-actor collaboration including
learning, discussion, creation, and decision
A [planning scheme discussed in Chapter 6]

+ Actor participation % Region-specific energy system plan

+ Local specific data
+ Constraint conditions & supports -
+ Feedback on actual conditions
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Plan to show quantitative benefit
(on local environmental problems) [Chapter 3]
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— Plan to show quantitative benefit : = B
— (on local environmental problems) H Social accept?nce fOSte':'ng
for rational choice [Chapter 3] « Support (e.g., financial, technical, Iegal) /next-generation education
& to motivate actors to commit [Chapter 3]
implementation [Chapter 3 & 6] + Next-generation leader [Chapter 6]

Business structuring & operation
/Adoption (Site scale)

Accumulate local implementation &
build business and user environment

Figure 7-1 Schematic mechanism of energy carrier implementation based on region-
specific energy system planning.
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MTERE DIEED GRS R CE AN E L T D 2 ENpnoT,

5 ETIE, SREIRT LEADRE G D THUBGEME A T D FiE B L
Teo ZDTODFRIEAL RN — A THEA L, MICERNRND Z 2L, #
FENENL S O HU B O RS L R ITTE ) LG D Z & &7/ Lo, =R ¥ —F ¢ U 7E AL
FICMAZ T AEERFEOEASE L THIR T L OBEAD LT S 2ERILL TONT 5
FIEAHIE LT, 207, Ml A 7 —1 BACE AR, #ESEEAT LD
3ODKEIEITK LT, FHE AT O 72D, HBIEERE L, F—AAZT 1 ZiEL
T, FEETHUE A 3 SOIEIEITKS T DIE CRME S 2 2 L3 T&, HABEAZR L L
TOHNL LC-GHG HIk &2 [F4F O Hilk Td > T H AR FERIE AT 3 L O A & —
JNICBWTERNRS D Z LR LN ole, ZOHNTEITH Z & T, ERRMBEED
RETEHT 27 7 F =R X —F% v U7 ZEBEMICEAT D HUE 2 RET 5L
BZON D, Elo, FEEOHIL TRIEER T 57 7 X =R F—F v U 7TEAD
T2 DIZ BIRIERSCRFEDEED T 7 2 — L@+ 2 EONE 2 L E T 5 3XRITH D70
5, LT, 3ODRMENSHILA ST D Z LT, 2O UIomise / vy
DOER, WEBEHII2D, HlmmFf AT =%y U TEASHT FIEE LTREL, =
RNX—Fx U TEADTDOIETHOZFIIEH LIED Z LR gnoiz,

FOoETIX, V—2rvay 7 al L THILTCOZ X VX —2 2T LOFHHZAT 9 728
DB DO BRI 72 FiEE RF LTz, 2 LT, TRAF =T AT LADOFHEIZ L D TR /LF
—X ¥ U7 HANIRBTLT 74— L 2OiEE 2 B LTz, il x v F—128b 5
SRR N I T T O RERfOT—0 v a vy TBMEEXIGE LT FRIT v — b
T, HUIBBI =R L X —F % U TEAGHICL > TT 7 4 =B LT —V AT ADE
BB 2 AT IR D & & PHI OB ENAN AT T 24T 2 2 — 5 T, #RFHERR
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KEMPEFEOFTMIEE L RO DD Z &0 K0 YRR HE AT O % R E
TOUENDD ZERHLNIRoT, V=2 a vy 7T, 3507 b—7 THI
ToNATOERNNF =2 AT LOFHE A F— L &igim LIz, TRLF =2 AT AOFHE
(ZB T D R TR O AR RO FIENH VG DM, KR ik
R 01T TIE7ZR < HUROAR IR T 7 & — D BRI K - Tl bl 7e 8 )7 15 & bt
DRENHY, V= ay T EBLTHLRERFENRBE HFIELRT I LN TE
Too Flo. FHHICHES S 2R F—F ¢ U TIEADOKFEHIC OV T, TRLF—T R
TLADFENRT 7 X =y b =TS LOFEEMEICFET L 2 LXOEROFE
WESLEMNICBIT 27T =2 FUODEAGH~DT 4 — KRy 72X ) = F—
7 LOFHEOYEM - HHRIZORN D Z & WIHREF & L THUCOEBIOHWF42F
B LR F—F v U 7 EAOIFEE 2 R XA DB ERH D T ERHLMNITR -
7o

NS

B 7 BT, il kL= AT LADOFHEII S R F—F ¥ U THAILE
JAHEERIEEE ZNOOHAEHERA LU, ERXA T — VB L OXEA 7 —/LTO
EANLZOLRERE L TOZR A —Fx UTEADA =X LWL LTz, H3FE
THPR L HIREA T 02 AOMRFET IV EH 6 CTileam LIcHUR A r— L CTox
X =V AT LAOFHIIZEES TR VX —% 5 U 7 EADOTFE O BRGNS | Ik
TOZXNF—Fx U THEAGHTBLOZNICES S ZRAF = X7 AOFHHE, &
BREEDOZAb, RO Xl A 7 — /L OB ATEE) & O OFEAEH 288 L7z, #ilg 2 r—
VTDERILF —T X7 K OFHE T FEREGLCTRMATE & Vo o5 o Xl A 7 — v
TOENEE BT 5720 Tl | BORSLEROZ /MR - ILREE D X 5 72
FEBREOZ LA 8 U CHEIIC b BT L Z LA LT o To, 7510 X A
=V OENFECH SRR O OIRE 28 L TR LN T — & M LA 8 AT
74— Ry 73252 8T, BAGHOKEZERICKESNHNTH ESEL721F TR
< IR OFEMRIGRICESE T OREZSHODL LN TED, ZOXOIRT7 41—
RNy 7 %) E<HEESE D Z & TRl SN/ AT L0 BARML & flkfeny 72 BT >
T OND T EDNGnoT, EHIT, FREEICE EE S TERREEZ OV T R
—/LTOTRLF—F 5 U 7EANIFEET DIFEICR T, = v F—2 27 A
DFFEZTEN L TOEBEAA N =X L2 P U, 5 2 = OMEL L ICHIPEHITE £ 7 L & i
HLTH 4, 5 B TITo SRR A SRFENEA T 2 AE b o8 AT
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ZAT - THIRI O =RV =2 AT DEFIE L, £RATRF—F ¢ U 7 A B
TOLRRINEER E BT 2 2 L 2R Lic, BAARFIZ VT IEEINE & Huldl =
NFX =V AT LOFHEOTEM Tk BARME L, =RV F =2 2T ARROZE D =
ANF—F ¢ UTEANIBWTIL, ZERRNSGT 7 2 —IC X DIEENT K> TEADED
S, BRI =R L F— 2 AT LADOFHHEIC KL > TEN S OIFE 28 L TlEDd 5 Z &8
TEDLEICRDZEZHLMNIT L,

fEmm & LT AR K » THIHIRBI = R L F—F % U TE A S =R F—
VAT LOFHHOTIEEZRA SN L, TXAF—F ¥ U T HEAD DO BEROIES)
ICBWTEIHZEN T2 AN = AL %8R T 5 2 LN TE, BEADTDDOLERRTEEIZ
OWTEHEADOEKRBEIML THEDDLZENTEDL L IR >T, TNETOZRLF
—FX ¥ V7 BEAOEZIZBITLHEE LT MO 7 2 —I2 X 5 EBRHE A TOFRSE
PERAE R HE DU (8 B D FR AR O BT A TEN M T i, HUBAR IR T o R 22 4%
EEETHHRBICRIT TN ZER, HDOVIEEHERE LTOZRAF -V AT LEE
Z T B ROSHTIZ BN T, REZ —FRICR e LTl BRI v A7 LR
FEDINT =< RZDOWTHFITRFTCTE TV o 7o, AIFSETIX, Bl EIC A
ORI RN F =V AT DEFET 5 72O ORI = 3L X —% ¥ U 78 ASHT 21T
IET HAF— L TOZRAF =V AT AOFHE LY b EKNRT R X~ 2T
LOFHH EF 5 Z ENTE EMOEANDIFEERIZ OV TRV F— 2T LAOFHHEIZE
FONEST 2B TEL LI LI EAT— IV EKB AT —/LOZNENDEANDE
2B 2 N TED LTl HlR = R v —F v U 7 HEAGHTIZ
T, BHEVHEOWVEEITHMSCHETOES) « BFHEL Voo m RUF —FH AL —
WEAF D RS O HEHARESS O U OB N X > TEADRICHIEN H D = &
MBAGNTRY 29 LI DOENEBE LI RV XF =V AT AOFHHEZED Z &
T F—Fx UTEAIZEBIT L AEEZFZRT L5075 TE D,

Fio HIERI = XNV X — 3 A7 AOFEIZESS ZRX A F—F v U TEHAD A =X
LERT LT, Z (VT —F % U T OHERERTOHEANT =& RTHB1T 55
DIEBONES T2 HFET 205 ZETE D, TRAF—Fx U TEAL NI O, B

(AR DR 2GR E » BT 2721 T | ZRVF =T AT ARENPZEI L, OB
RO, FEBREE, 02— P —BREOE{T B8R T e A Th 5720, )
DT 7 Z=MEXIZHEAT O TIIRLS, =R NVF =V AT AOFHE AR L, @ LT
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BAZHEDDHNE ThDH, Ml =1L F—2 27 LOFHIIZ IS < 2 BIKTOEA
TRERZ A= ALL LTORTZE T, B =R L= X7 LOFEIL, AT
Dz WERCT % i 2 R L L TSR 2 M b L TV B2 T R 2 A X
LT EICED HEafEE LT —F 5 UTHAZT T TS EEIZH S Z
EEMEC LT, ZOXI BB EstT 7 4 —0NET 52 LT mxvF—F v U
THANIEOLZNENOEARXEHOFTRLHB L, MBS T SND ZELHW
(IR > TR RTEB 2 295 Z L iifr S D,

8.2. BE

At EBEICHERI = R L F = AT AOFE ATV, TRALF—F v U T EHEAL
TV Z & T, AWFETIRE LI MU = kL — 2 A7 AOFHEFER LI
DLSHARANDZZXLDPERET 2 Z L EHGEL T ZEPRETH D, £DTDHIZ
B DT 72 —PHIKD =RV F— 2 AT L EE 2 D2 0EARER L, Ik Tcor
Va R HEEED, HIER kL = AT AOFHEIC LY BRI AT A A —
UANEEZTWRETHD, OB, FTETRLEED, R =X — 27
LOFE Z —EAT > TR 2D TIEZR L AR OB EANLCHRERTE 2 ZE 2 5720 DB
SRANTZE55 D B 728 NTH B 2 F20 L 7228 DAkGERIC M 2 B85 2 & T, KB ATEE
IRETH & 72 D13 CTh D, EERARHIEG] = L F— 2 X T LOFHE &5 72012
SHIZUTOHEAOHENEEND,

® IEIEDILIE

BB B LIMC b RF ST RV T = F 2 U T 4 OBLEE TOHN LY

HChd, INETICZFAXF VAT AOSH THRFEINTE TV AHHETH
UE, T =2 DBHIVUIFITATRERILT CTh D, 7 — % OEASFTREMEIZEY L TIEA
M CiEm LI K IS T LB R T — 222 TIET5 2 LIFTET, 5
FREEOHEFHORE & B H A T TORE, H2DWVIFT=RLF = 2T LADFHEIC
BET27 7 2—00EREAFTLHIENEZOND, DF V| HUEHIE A5
I TORELHEETE 20T TIERLS, 7 —F DO ANF AR b #Uslh o4
ZITO b DL FFEMIBOAD W 21T b OPMBEIT /R D, o, HaRER
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AT HEEIIREEN TSI TETE O, AR EEOER - BRI M
LD, ERRICEAZED 720 B R HBE I OW T ORGEEE FEh LT 2
L TCAEBOEBEANIIENTHNAITTTH D,

HERTEFIEOM I IA IR

Eik il AL DOIREE T ORI LI & 72 B A, FHMEFRIEM O b L— R4 7 25
ff L7 ECOBBIRENMLEL 25, ZIEEBRIREFEO FIEOIE MNP LE L 72
HTHA9, b O DOEBRE LOMEILROREEERE N L TH D,
RHEFEMENTHKT L TRBE WA R < VD HILE A, 8 L b i ORI /S
TE DT TIERW, HUKZ 7 — /L TCOZ R VX — 27 AOFEIT R WG A
Thh, =RXVF—F v ) TICHET HHEMTELZREETTHL LD, H
B OBGCHINRBEOM, v =TV 7 ma ) I =07 U LT o5 R
OB X D =X —FI RO NI B, BRI 722 A5
WETRTLHZEFRETCHLZ LD, BT MCESS O FIETIET RS, £
IR AT — 7 RNV — DR & B E D RBEN T ) &0 Fik
(Heiden et al., 1998) R2E7 /L & DMAEDOEIZ L D FIE (McDowall, 2014) & iE
HIREWMOMAETH D,

SRR =

FROEH DR TOFEIZELETOERHEZ R LTI A EEDLZ EMRD
b D, HIBN =R F = 27 AOFTEIZRHMIC = XL X —F ¢ U T 2 HA
THEOOFHETHY , FHE SN AT LAOBREZEN—EIZT ICEAIN
L0 TiEZe < EB O XE A 7 — /L OB ATEE) 08 L TIRA IS AT L1
LTV, BAOHMIBRETIX, (bAEFRBROT L —F 1 U7 2R L,
EERERIIZ CCS DRI HA MR R LX —Z A L= r X —F v U T~
FEooTW ZENMBESIND, TO—HO TR EAZED TZRNLF—T AT
LOFEINCE S 5 Z LT, BRI R FIERC A 7 ¥ 2 — /L &5 O -3 28 FTREIC 72
%5, £7-. FEE LTHET S AT L0 GHG #EHEBEAZ /T2 L b EHEEN, &
T U A K%L TO GHG HEHEA R 2 & THllCORETO GHG HEH &
ERETHIENTEDL, 20XV AR EmLiHMh b Mz 77TV
TN ETH 5D,
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T RIVF— 2T A USNOHIEEE & OE

AR TIE, TRV F =T AT AT 4 — B A L THIB =R L X — 27 LD
FHEFEEZRH LA, TRX— U AT A, BAesSE, (EEREE, E¥ES,
SRR MU O & HEIEL TRY | 2 XX = AT AT EZMNITERZ D T
LIXTERY, 2D DOZERZRAE 2 A AN EHE 2 FIEITHESL ST R
2, B0 OMAEERICEH LD SNRDTE Y (Geels, 2018), 5%
DIELHFFIND,
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Nomenclature

Celec

DECtotal

Dﬁlec

Dpeat

Ef,
B!
EUincrease
EUrdecrease
Ep,
Eftotal
E;otal

Ttotal
Ey

E}Jtotal

‘j,r

IANF—F ¢ ) TR j © ECCG —F
b= DRERE

Hil r 1B T 22 TOHEHFTORT RV —
¥ ) TEEE

M r BT A EHEEE

Hils r IC B A EVEE &

il r 1B D =X —% v U 7 RUEH
i ® GHG #EH &

HlE r 1281 AR —% ¢ U 7
j O GHG HEH &

MOl r ISV B RV F — U T (B
JO)GHGEHﬂaﬁmbmg

HUsk » 12B I D= k¥ —F % U 7 FHHE A
Jj @ GHG HEH O/ TE

Hull r 12361T D =R L= U 7 RS
k © GHG HE &

Hik r lICB I A= L X —F % U 7 OHEIC
X 5% GHG HEH &

ik r ICB T2 ZA X=X VT OV T Z
A F x— /i%%%bﬁﬂﬂﬁG%ﬁ%

Hillk r BT A= RV F—F % U 7 Okl
X A% GHG HEH &

il r 2B A2 R LFXF—F% % U T OMHEHIC
X 5% GHG HEH &

Hils r icB T332 0 F—F v U TERAEAM
JD1EH-Y OEMEITHHEE
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(J/year-unit  of
ECCGQG)

(J/year)

(J/year)
(J/year)

(kg-COseq/year)

(kg-COseq/year)

(kg-COqeq/year)

(kg-COseq/year)

(kg-COseq/year)

(kg-COseq/year)

(kg-COseq/year)

(kg-COqeq/year)

(kg-COseq/year)

(km/year/car)



jr
NFCCG*

N,FCV*

N,FCV*
P i[::rc
P i]::rc*
Pk
Pl

SFCtotal

EC
Tk,r

i r B T3 40X —F % U 7 ERFEA
jDEANEBR

Hild r 1ICEB1F % ECCG A#RETHZ ENTE
B A H D fa kK

Ml r BT AECVICE»TEEHZ2Z A &
BT EDFBLER 7R CnV DEEL

total number of the vehicles that can be replaced
by EC vehicle in region r

WU r 2B =R R —% v U 7 RS
i D ANF = U 7 RERE

sk 2B B = RAX—F v U T R
i DTFNX—F v U T RGERT 2y b

HUBE r I8 % 2 LR — % T T
j DR R

HilE - 12451 B R E— % U T
J OB R

MG 7 1B B3 TOENND OB T RLFE
—%x U7 fiia &

HUS r 31T 2 T AL F—F v ) 7L
kICE > THikRENLZ =X N F—Fx U T O

=

&=
IANLF—F %V Tk

il r ICB T 2T A F—% U TR
JOIANAF—F ¥ ) THAE

IANF—F v ) 7 RGERAN i 0B AFE
TAAF =% Y T RN ) OEARK

Hilik r BT AT A ALF—F 2 U T
7 DR R %

TR —F v U TR b 2R 57
0 DEREL

TAALF—F Y TN oREHER
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¢)

)

)

(J/year)

(J/year)

(J/year)

(J/year)

(J/year)

(J/year)

(km)

(J/year)



phest TANF—F v ) TR OBVERDE O

ngi‘?g 7 \// j:, @ ’?é jj$ (_)
e B T O BVE U R )
6;r Hilk » 1ICB T 2 T ALE —F x ) TEEERKM )
i DELERES T 2 ERoSLER 0 R
Tj THAAFX—F v ) TR o FEEa (e
Tcny CnV DE¥FH by (year)
q,)productlon il » B2 T AL F —F v U T ELER (kg-CO2eq/J)
i DHEN T AL —Fx UTHELHTZD D
GHG HEH7%k
janufctire -z gov ¥ —% v ) 7 ELEE j O WEERE T S o
- % »eq/tfunctiona
® GHG HEH#R%% unit)
pgapufactre - cpy o fliE YT O GHG HEHREK (kg-
CO,eq/functional
unit)
I TAAF—F Y 7EEER j o AR  (ke-COxql)
® GHG HEH#R%K
nv CnV O BB T D GHG HEHIREK (kg-CO2eq/J)
Pgrid,r AR ) OAF F BeFE T O GHG HEHAREL (kg-COzeq/J)
Her HG Ofifi Fi B[P <D GHG #EH R %K (kg-CO2eq/J)
PR X — ) TREAN k oEigic  (ke-COxq/lkm)

KT HHEICBIT D= f VX —Fx U T
3% ks KOV SRR H 7= 0 @ GHG #E
HHAREL

fransportND - JoL— % v U TSR & offtHEc  (ke-COxq/ld)
ITEAE L2 WIRIZ B 1T D A= R L X —F ¢
U THakESH -0 O GHG HEHREK

i TR E—F o Y TR oWl (Vkm)
B0 O F L —% v U 7l

o CnV O Hhr E1THERE S 7= 0 OBREHE & (J/km)
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Abbreviations

BPR (byproduct from petroleum refinery)

CnV (conventional vehicle)

COALWE (coal thermal power plant with
water electrolysis)

CPH (compressed hydrogen)

ECCG (energy-carrier-using
system)

cogeneration

ECV (energy-carrier vehicle)

EV (electric vehicle)

FCCGh (fuel cell cogeneration system for
household use)

FCV (fuel cell vehicle)

FGSTR (fuel gas steam reforming)

GEOWE (geothermal generation with water
electrolysis)

GHG (greenhouse gas)

GIS (geographic information system)

GPWE (grid power with water electrolysis)

HG (heat generator)

RLHAET b OFEIEY

TERM B B

fi K 13 FEFE ) & IV T2 KRR

JEAE Ak

TN —F¥ VT EFHT LI a—T =
S S = IV S/ AN

TARNF—Fx VT 2T 2 HEH

EXH B
FEABREEL s —Y =221 —32 g Y
AT A

RAEFEM A B

BRBE T A DK E

HEIE ) A N T K E AR

R =N F T A
HPREHR Y AT A
R T A N T K E R

B RIS E
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HYDWE (hydropower generation with water /K /7385 5 /1 4 F V7= /K B R
electrolysis)

ICEV (internal combustion engine vehicle) WA=V HENH
IRR (internal rate of return) BRI SR
LCA (life cycle assessment) FATHALINTEAA L |

LC-GHG  (life-cycle  greenhouse gas T A 7Y% A 7 LIR=EZhE T AHEH
emission)

LCIA (life cycle impact assessment) FA T AT IA T FNEHE
LCOE (levelized cost of energy) YIEEA = 2L — R

LIME2 (life cycle impact assessment method | AS i ¥ 25 5 & Y B2 B8 S = 12
based on endpoint modeling for Japan)

LPG (liquefied petroleum gas) WAk A A
LQH (liquefied hydrogen) R WIES
MARKAL (Market Allocation Model) A=V TCODZRNVNT— AT LD

Ralb—vara fTHETIL
MCH (methylcyclohexane) AF T asF

NGCCWE (natural gas combined cycle power KSR H A 31 o YA 7 VI EES
plant with water electrolysis) A 7= K EfR

NGWE (natural gas thermal power plant with K$K 5 2k J138 8B 1) % F\ T K E iR
water electrolysis)

NMVOC (nonmethane volatile organic Ff X Z AERMEERILEWD
compound)

NPV (Net present value) TE R B AR B

NPWE (nuclear power plant with water [ /)38 E 1% M\ 7= /KEM
electrolysis)
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OILWE (oil thermal power plant with water
electrolysis)

PV (photovoltaic generation)

PVWE (solar photovoltaic generation with
water electrolysis)

RS (regional scale)

SDF (socioeconomic driving force)

UEA (urban employment area)

UIE (unit implementation effect)

VRE (variable renewable energy)

WH (water heater)

WTWE (wind turbine power generation with
water electrolysis)

EER D AR F= - EA R VAV N=E. 2

PNpi L

KIGeF &) 2 AT K E AR

Hd R - — v

R REFTHIE AT

i FH P

LA AGE S

ZEENE D A ATRE T R L F — R

=36
oy

S

J&\ ) %8 EE ) A O T2 K AR
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