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F1) GEE - A TFORB]IERFERICH T E2HH5FB M (REICKY1~8%/yriBE) &L T,
[FREEXR]I= 1/ [BRERNHRER] + [(HREROEER- AT AREDHE]
ELIEREBR]ZEHEMELTEELTLS,

TH. [BERIFIEERK]
=1/ ([EBEHESIR] (1 —(1+[EHBBEIBIR]DN[BBEH]))
F2)RHBIXETILVATREMICHESNS,
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2000F &R 1HE 2018 MR R IHE
[US$/KW] [US$/KW]
B3 (ERE (HBER) . REOR LETORA) 1000 1458
w PHR(FICBEDEAEETCONE (BER)~FXR.EAXEL
ARER (IGCO £& ) 1500 2187
SR BRESLEETHRA~SE,. B8R E1L UIGCC. IGFC)) 1700 2479
W e - (h. EMERRKE PNAFIRIBBERE: ~5% +85 +124
BB IRES ~DEMER) AT RREE  ~30% +680 002
WP, i (h. ENEERRE TUERZTRBEE : ~20% +264 — +132 +385 — +193
BR-TUE=TER ~DEMER) FUEZTIREE  ~60% +271 — +135 +395 — +197
B#E(T—EILEESE) 250 365
s = thEh 3 (FBERR) 650 948
RHRER SR (B R) 1100 1604
CHP 700 1021
BEXFE(EKI—EY) 300 437
o FEGEERE) 650 948
|\jJ Z B — .
R %R EUER(GREEERE) 1100 1604
CHP 700 1021
R . (h, BEEXRATR e
RB R KFES KEREER : ~20%
RAH R KFREE SEADEME ) k&R SR 0 +55 +80
NAAIRARE ESE FERI—EY) 27202400 3967-3500
(BE%5%) EMEEAXKE) 3740-3030 5454-4419
RFIHHEE 2743 4000
CO, BN {FIGCC/IGFC 2800-2050 4083-2989
KRTABRREHRE 1900-1400 2771-2042
KERE(FC/GT) 1160 1692
FToEZTHE (FH) 3040-1444 4433-2106
BhREB (GKRES) 1000 1458

;¥1)DNE21+ETILCIXEEF L TUVA2000FE M THRE , RTD2018EMIE T KEDGDPTIL—2FANWTHRELTREEL-LD,
A2)EREEIERPICRTHEICESVWVTHERAOBRAEEITERTSKSIZEELTILVS,
A AFEIIKXKEOEEETHY., BE- i Ck>TRT—230 779 3—%2FLTHYETOEENH S (ARIEIRK+3%) . BIRIIAIEETE (p.24-28)
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AR EDERFERE(EHERR). REOZ LETOFMA) 23.0 24.0 25.0 27.0
AN ymEcBEOAEECONAEER) ~ 95k, He

SEIL(GCOEAD) 37.8 39.6 41.4 45.0
ENEBRELEETHRA~FEESREIL(GCC, g G e .
IGFC))
CO,EIRfFIGCC/IGFC 34.0 35.5 38.5 50.3
A EDET—EILRES) 23.0 24.0 25.0 27.0
K73 R %h = (B ERSR) 38.6 40.2 41.8 45.0
B EGEER) 52.0 54.0 56.0 60.0
CHP™*! 39.0 41.0 43.0 47.0
AR EHRFERI—EY) 27.2 28.4 29.6 32.0
K7 PHREESRE) 39.8 41.6 43.4 47.0
EMEREREESHRE) 54.0 56.0 58.0 62.0
CHP™*! 40.0 42.0 44.0 48.0
RAHABRRRERE 40.7 41.7 43.7 48.7
INMA  BREGERSI—EY) 22.0 22.5 23.5 25.5
YR ERREARE) 38.0 400 420 460
KERE(GT/IFC) 54.0 56.0 58.0 62.0

*1 HEBAERIREHRIFIT RILF—FR/N\TURZEZEL TETET B EEL., HIEIZE>TE~20%DEFETHEE
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KEEEETHMBOETIVELERE

v BEEERSOBEICSVT. BRTRERATRA(ERZSR) F£EFA
v KREEETHKTRHEKRICRELETOERTHS (FEEZSR)

v DNE21+ Tl KZFEEERHKORETORICNABF-BFEEZFEFTCOTOERA—KEEHAL
ETILE [EXRE:438.1$/(t-cs/yr). KFHE:12.1Gl/t-cs. BHHE :695kWh/t-cs]
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RKARHDRAEZHMAL-EEEXTHOHZTO XD

Flue
gas Nagt;‘;a' Process gas system Iron oxide
Top gas

scrubber

Process gas
compressor

Shatt furnace

Reforme Ffuel

Main air  Reducing gas gas Reduction & Carburizing
Diower Fe,0,+3C0—2Fe+3CO,
Fe,0;+3H,—2Fe+3H,0

3Fe+CH,—Fe,C+2H,

a
- o CIlE & Hot transport
B atura .
as
Ejector eed gas 3 Sy~
stack
Heat recovery :
Combustion air .
’ Electric arc & -'- ‘

furnace

Reforming reaction DRI
CH,+C0,—2C0+2H, cooler
CH+H,8—CO+3H,
DRI Hot transport vessel
storage  HBIstorage HOTLINK®

J. Kopfle et al. Millenium Steel 2007, p.19

KEEZFALE-EZRETHEDOERIETSVDH

https://www.midrex.com/
https://www.kobelco.co.jp/releases/1201993 15541.htmi



MEBHHBATL(CGS)DERE

R EE ($/kW, 20004 {i1E)

T | e | owe | son

EE¥ (GMWHEXH) 1250

E£7%1 (1~2MW) 1875
%72 (0.5MW) 2500
ZE (PEFC/SOFC) 15167 3575 3575
) FRREAR (X 2000 fi1E . KEDHEBWMIEERIL. 20005F%1& §5HE . 20154 (F1.46,
HEHEE (LHV%)
I T T

REME 49.0 51.0 54.5

EE¥E (SMWHEY) o
Eh[E| R 3h 3 36.2 34.8 31.2
BER 42.3 47.5 50.7

£ (1~2MWHEE) e
s E1 e S 36.2 31.0 27.8
BE 41.0 44.0 47.0

%2 (0.5MWH ) .

En[E] R 3h 3 34.0 31.0 28.0
REME 39.7 47.8 55.0

FEE (PEFC/SOFC)

Eh[E R 3h 3 55.3 45.0 37.8




HEjEE
BEIEEHmIX
o015

AR FESEUVREDEE : /NNEERF

2 (1)

TERBEAMRBEEIE 1 5
NATYYRE(AHYYY) 210 209 202 201
TS5 AL NnNALTYyFE

FIU 270 248 219 210
MESBEIE(EVY) 311 305 265 225
FEMBEIE(FCV) 598 514 388 244

Bifr) BAG
HEERE (h20JEEY)

ERBEANRBEEE 12.7
NATYyRE(HVIY) 31.0
TS5 A4onNA4TYyRFE 579
(FHVIV)
80.1
413

B{I) km/L

13.0
32.2

59.0

88.5
43.9

13.5
34.9

61.3

101.7
49.6

14.1
36.3

62.2

106.6
55.0
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KR[CO2E#MEIN (DAC) EffDiEE

m DACIE. KEHHDCO2%EUNT 5, 400 ppmIZEDBEDIELNCO2ZEUNT 578 . LT #AE
PREBSHET REMNSDEUREER, KYRELBIRILF—HBE,

m —/ . DACCS(IFEFET)ZT I, BHHELS,

m COBP@EBITAEL, IRILF—HRMI DEIRLE—(EH), THER(R), BE(FAOREN)LE
AF TES i (RELZPVELEA A AT RE
R4 &) TORBHAEF

EW: Bt1RE
_ AR: HE#K
Climeworks

Smith et al. (2015)

M. Fasihi et al., (2019)I2#(+ADACH I RIILX—HEBLRHEDHET:
AKETILDHTIE. Fasihi et al.blz&kABasedConservative 2IBFED S FUFDS55 . ConservativeFiE B

_ IRILF—HEE (tco2) 2% {# & (Euro/(tCO2/yr))

20204 20504 20204 20504
=i (BIE)YATA(HT DAC) &4 (KWh) 1535 1316 315 292
IBBYATA(LT DAC) # (G)) 6.3 (=1750 kwh) 4.0 730 199
RLKFLLASARMBEBEL. T H (kwh) 250 182
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BInERICE TS5 EBIFIS I EROEE

I

H*E 8% ~ 20%
ZD TR )L F—ERih 15% ~ 25%
IRILF—EMEE 15% ~ 25%
BHEE 30% ~ 45%
2 (BEEEE) 10%
A NAV & 20% ~ 35%
m D% = 3 15% ~ 25%
R&E (X% -RE) Rz nIEEE 20% ~ 35%
MEJE. BEAE 25% ~ 40%

FE1)— AEYGDPIZIGL. g A - B S Al RS 0EERNTEE, BRI SICEST . FIRE (FF)
FE2)BREVRINEVE (—AHYGDPAEVED) (FREDEISIEAZIMERIAHY . £z, TRILF—OEBRZRHMIL.
i G B G OIER MRS FRIEDHFEREN/NSCIREDEIBIRIFEMERINH D, — A HEOEEAIHLL, E
HAORESFATIE. BBOREENTUVVEEDERICKY . HRBAILH->TOEHME I RIS IMEMMNRoND,
EIHIZIE, HETIEK, KEPIMTIIBE=EMIEDNet CONEFEEICE L TIIWACCEL TS.2%/yrMELVGN TS, =,
Z[ENational GridTIE7.8%/yrDBNALGNTHEY ., REEFADH. K. BR FIZERHT58%NYrDKEIZINGEEGHLKE
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X BAMKREHFETIA—D [EF&I<H=HaRH:
(RRRICITXMEDHEBELGENHYEH) [A100% D TAHILF—L AT LFEARXN

—[R—=RSAVDIRILF—D AT LR

2050 D IR ILF—
AT LAARRM
(billion US$/yr)

SEEDT—R 1179 —
DOBEIREX 1284 (+106)

QBEIRAIN 1142 (-37)
\ 1166~
QRFHiER™ 1133 | (13~-45)
@KFAI/R 1160 (-19)
®CCUSER 1150 (-29)

@Hh—> 7)Y
TICKYFEMNE 909 (-270)
BT dr—R

L IERIMEZOHEITISEICOEED
2. BFERFTIAIE FFHEE20%E LU50%D T THOHRE



BARDCO,RFHIEE FH

_ 20504E 0) CO2BR 5 4l 38
B FA[US$/ItCOZ]

BEEDT—R 525
OBEIREX 545
@BIFRA/N 469
@RFHEMA" 523~503
@KFA /R 466
®CCUSEH 405

COREER 509

* BRFEDERIOFTIAIE. [RFALEE20%~50%D T TOFREE
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HEXDEARAEH

[US$/MWh]

SEEDT—R 221
OBIREX 485
@BIR(M/R 198
@RFhER 215~177
@KFA/N 213
®CCUSER 207

COREZLR 221

* RFHFROFIAIE [ RFHEE20%~50%D T TOFER
) 2020 DETIVHFTOB HBREAIX123 US$/MWh
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[& (R) ] BRO—XRIRIILX—EKBE (2050%)

76
[Mtoelyr]

_ ?’fﬁw DEIX100% @BIXR(/RX ORFHER @KFRI/R OGCCUSER OFELH

18 1 17 18 16 29 19

43 56 41 43 48 44 38

8 21 11 7 3 10 10

42 41 39 41 41 45 44

20 1 28 20 17 35 21

9 34 9 9 9 12 9

13 13 13 13 13 13 13
[RFAH 34 0 36 69 34 35 34

9 20 13 9 8 5 8
K& 37 36 52 36 30 28 33

61 38 31 45 82 56 62

18 18 18 18 18 18 18

17 17 17 17 17 17 17

E)—RIRIIF—BE(RIEAFKETIZEL TS, NAATRUNDEBE IR :1 TWh=0.086 Mtoe, J&F71:1TWh=0.086--0.33 Mtoe



(% (R) ] BRAOREEHE (2050%

imn
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[TWhyr]

_ §fﬁw DBEIRI00% Q@BIFRM/N ORFHERA  @KkFR /A  OGCCUSER  OFEXEE
122 3 111 122 106 101 126
36 0 32 33 34 32 39
143 4 202 144 124 250 154
4 179 10 4 9 0 2
52 1 48 53 45 82 54
148 148 148 148 148 148 148
132 0 138 265 131 133 131
62 62 62 62 62 62 62
38 184 96 38 37 0 37

KB 415 450 507 401 324 301 366
175 24 30 59 208 139 197

PN HEN R ) 35 0 125 35 37 36 34
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[MtCO,/yr]

- SAED Omzxom @BTA/X OFFAEA @KR(/X  GCCUSER  ORELE
DAC 190 175 178 190 205 199 185
ToEZTHE 1 1 1 1 1 1 1
AV 0 0 0 0 0 0 0
RAEXA 93 3 85 93 80 145 96

-91 -91 -91 -91 -91 -272 -91
CCU 1 1 -1 -1 1 -0 1

-235 -235 -235 -235 -235 -142 -235
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SEEDT—R BIRA/Nr—X
=P 525 469
*E 167 138
% [E 181 141
EU 211 169
Fh it 162 138

[US$HACO,)]

i) CO2IRRBIRERIZ. EHDHESLT . IRILFT—RATFLEERDOBERERATHY. EEDOEEEEOBEM
HIEEREREL. RRERMOFATEE (BIROMIED . CCSEFE=E. EFAHDUEHIKDMELE) M
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