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HAD 2019 4258 O bR EPEHEIT L179 Mt TH 5, 5 HEIEEF 1L, RIBEH T 155
Mt (14.0%) TH V., ZFALRFBHEHARRO 7212 56D HAE-SIFIEIEF IR Z 0,

BRAER PO IRFAL DT, 22— 7 AEHWTEILA 2=t 2 EbFiE s, H, Z W5 k$E
EHR G OKFE DRITE) ZHedhat U, bR HE R B & Sl o 2k 36 KON & et
L7e, JEMEHZ LR -5 B iR S8 OHEHFHEAL I, E5FYE 1.9 kg-CO,/kg 7K. DRI % 0.06 kg-
CO/kg TH D, FloEFIEOSEk=a A MX 46 /kg TH Y, /KFEDRIFED = A ME 70 ] /kg
T D, /KFEDRI 2R hTIHAFE TR DO D DEERIEFITRKE W,

ZC (Zero Carbon) *x{J&C. #HEHT 2 “WMLIRFEDOHiEE T I 15 -DAC IETHEIET 5 LT E
WAR— 2T bR FERET A ML 8 M /kg-CO, ThHD, mliET _MbRFELrLEMET D
DI, EFEIZ 1S [ /kg O A MY CTERE OSELMHIL 61 1 /kg & 720, /K3 DRI ED 2 A
Mzir3<,

RO OB TS IXEIFTE TITFEEUG, /K38 DRIJE TR B S THMIB S = 3L F— % fit
BT DMEND D, TZEONEEITIREV, BARTHEEBHL TEL T BRBRODRWHIETH D,
DI, PO R & OFETRE & 2Rk TROGELRFH R Sl oW TR DEIIZERY
ML B D,

Summary

Carbon dioxide emissions in Japan in FY2019 totaled 1,179 Mt. Of this amount, the steel sector accounts for
155 Mt (14.0%) in terms of indirect emissions, which is a very significant rate in terms of reducing total carbon
dioxide emissions.

For low-carbonization in the steel sector, the blast furnace method that reduces iron ore using coke and the
direct hydrogen reduction method (hydrogen DRI method) that uses H, were compared, and carbon dioxide
emissions, manufacturing cost, and issues were discussed. The carbon emission intensity attributable to raw
materials was 1.9 kg-CO,/kg for the blast furnace method and 0.06 kg-CO,/kg for the hydrogen DRI method.
The pig iron cost of the blast furnace method was 46 JPY/kg, and that of the hydrogen DRI method was 70
JPY/kg. In the hydrogen DRI method cost, the ratio of hydrogen cost to the price is very large.

If the emitted carbon dioxide is captured for ZC (Zero Carbon) by the amine method-DAC, the carbon
dioxide capture cost is 8 JPY/kg-CO, on a domestic storage basis. When capturing all carbon dioxide by the
blast furnace method, the cost of the blast furnace method increases by 15 JPY/kg, and the actual pig iron price
becomes 61 JPY/kg, which is close to the cost of the hydrogen DRI method.

The reduction reaction of iron ore is an exothermic reaction in the blast furnace method and an endothermic
reaction in the hydrogen DRI method, and it is necessary to supply energy from the outside. However, the
reaction speed is high. This method is not in operation in Japan, so that there is little experience. Therefore,
it is necessary to study vigorously the technological study on the optimum structure of the furnace and the
streamlining of the entire steelmaking process.
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1. FCHIC

HAD 2019 4EE 0 — bR EHEHEIL, 1,179 Mt-CO, TH V. 9 BEEEEM o MEdEH L,
PEFEERFY 385 Mt-CO, (34.7%) Th 5, 9 HLEKEHIL 155 Mt-CO, (14.0%) Th v pEFEL P MHEHE
HED 40% % 5, “FLREEHEIRO 72 D12 5D HALE ST IIEFICRE N,

2019 FFEHASMAEPERT 984 Mt TH V. Hab 8l 749 Mt EAEIL 235 Mt TH D, g1
RO SRERAEPERIT 75.0 Mt, TBIFHHOFEI THDH AV 7 v T HEEIL 326 Mt TH D, BFND
AEPE SN DB O EFEFCH D | ZC # TIIBEEAEPE DIRIRFBLITEIFOMHEE L & b
WZROBHND,

R DARRFAL D 7o DITITBUR O 22— 7 2% W =854 OIRTT D H, 2 AW BEEEETIE
SOERANRD B D, AEREBTILEFEL T, KFEE2HWZESEE TEO BbREDE
HFEAL E 2 A B X OGREEZ MR L7,

2. HIMBETEDLLE

B 7 o Ak, BEE T (ron-making, =T— 7 A4F, &EfF7e L), BN T (Steel-making,
HAkF, FEAUF) . HfiERE. EAE TFE (Steel-manufacturing) CTHERX SN D, X1 I8~ ot A %
R, EIERIURTER 57 0 A THY | 2019 FOE M FEEEAE T 1,327 Mt TH %,
—FEPEETTE (DRI CAFE SN2 &IX 111 Mt T, #8% (Pigiron) 23 92% T 5, HLIRD DRI
HBiE, BrAle LTRRTARHREAND, 22 TIERARY A ZUELE L7z CO/H, DIRA
A ZRETAIE Ly + 7 MECAET H MIDREX EI22 W TR L 72, MIDREX (3 DRI ©
60%% HH TV D, LU HATIIRAT A, BHE BITEMTHY . DRUTEE STV,
MIDREX VEIZH AP & U TRIAHT A ZHNTWDH T2, CH ISR T 2 ZbRFYEH R & 5,
APREETIX, BERRB T OEMKSZZIE LA & LI KBEPER CEICOWTRR Lz, EiES
72 M RA Y « ArcelorMittal 1 CEFE] 41TV % (Hamburg, demonstration plant, cap. 100 kt/y.
2023 AX— 1),

ETE, KFREHEETTIEICOW T, R AP EAL 2 2 M K= 2 Moo IR ARG L
Too BRETL7-HEBHIZ, X1 OFRBATH D,
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M1 #7notex

21 FOtvR, BiEE L ZBIbRFRHEEREACL
B L7 RE /013, 2.5 Mt/y (7,500 t/ H) T %, BIFIEOEA AL 12.5m, 3,500 m* D FE i,
MIDREX-H, D4, WAL 7.15m, 1,300 m® O K7 Shaft {7 T 5,

1) ik
FAF O LED DELA L =2 A0 TEP D 1200CREDIE L 222k e R & iAA,
il L7z CO M AL &0 88 %3850 T %, BIF ORGEIREEIL 2,300°CREEE TH D03, $hsk
[TIARIRRE T 1,500 ~ 1,600°C THLY 9™, BEEKICITIRRE 2 4 wtiREE AT 5, HolF TR
RN AR EIAHERA DIRFZ IR D,

Zu AREREL, BEHES — X [1] THRETL, R IZEERGEOWEIN L 2R T,
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£1 BFE FERBOWEI (Standard process [1]) #kSALEEE 1,000 kg L=V

BE ekt aA—J 2R Q=7 RBAIF EUERal IS1a &% (R &) BIFEC/NT v &
IN ouT IN ouT  [IN ouT IN ouT IN ouT C input |C output
HHE 1,238 kg Fe 65%
BRE 118 kg c  12% 14 kg
Ca0 44.6 kg
AR 9.7 kg 760 kg C  65% 500 kg
a— 2 ZFH (1.6 Nm® 44.0 Nm*® [739 Nm?® H,/56%,C0/6%,CH,/29%
Air 2,361 Nm® 443 Nm® 65.6 Nm?® 1,567 Nm’|
finea—72x 38.7 kg
Lacizsival 1,317 kg 1,317 kg Fe 57%
B2 297 Nm? 416 Nm?® 1,749 Nm® [H,/4%,C0/23%
HEA X 2,796 Nm® 78.1 Nm?® 886 Nm®
3-7 2 503 kg (503 kg  [446 kg 446 kg Fe  97%
0, 19.2 Nm?®
steam 49.3 Nm?®
IR A X 58.3 Nm® H,/1%, C0/23%
LPG 5.3 Nm® 7.86kg-CO,/Nm® 11.3 kg
#fE(blast) 1,169 Nm® [1,169 Nm*®
fZed 56.7 kg 36.9 kg
pellets 356 kg
8% 1,000 kg |Fe 95.5% C4.5% 45 kg
255 287 kg
¥ 562kg [T 45 kg
C e 517 kg
CO, HRHE 1.90 t
CO, B R BT 1.90 t -CO,/ t -]
FK1E0, @FE 1 KRN O ZBERBFEYEHFHEALT 1.9 CO,/t- $#kTH 5,
EPER 25 MYy RIGEOEREMIT, KGR TLEDR—L A=V 2] 26, a—7 A
290 ) mkE (3,500m°) 510 {5, & 800 (5 & L7,
2) KFEHELIE (MIDREX-H, 1)
DERDRIRT A2 X DR L (MIDREX 15) 13, KIRA A% H,/CO= 1.6 IE LT-
BITH A THE A&t L DRI (Ea&ek) 2 8Ed 5, ¥+ 7 MEOREI 900°C$§éﬁ?
“C DRI (TR L TV 2RV, BITRIT 95%, RER ﬁiizs%&fﬂ@é EXIR
VRO DRUFEE L L o3 < FEKDfEBRMED & 0 B H 0 oliik R > - 7, %031&\
I L CHEER AR DTy b7 7y MEES TELS R, BRFTOAL T 57D
RERL Cu EDARMITFE DD NWEREOEIR & L TRkl OJEHIEH S Tn b
BT AL BB AL T 5 L&, BuuH ATRKT 5 EbEesE OHEH iiﬁb\ =72
IREFEGAFED 0% 725, L LEFRDORBITEROR SR Z T 2 20580 DRI HICFk 7T 5
R bEk 2Rt T 57 EDORENH Y | DRI HORFEE A 0% TIXRH TROFEIMET
T 5, A7 DRI HRSBIRE &2 72O BEORIRAT A Z i1 LT DRI H R 65 A =
EED D,
EHEOKFETIEOWEIN L %2 5% 2 \TRT [3-5], DRI FOREFEGHRIZOWVWT, EEE2SE
2L T 14% ¢ Lz, 25 % TIZLNG ETiEOI L HRT,
EAFFRRRFEARERARES SRS (UST) 3

(resae=

gt v 42— (LCS)



ERRRESERICHA T -BERLED = HDIRE
IKFREHSRTTRSE DT & BKArRE

SH 4458
#* 2 MIDREX Process
KREEETE LNGETtiE (fEskix)
SER Y FEA(/t-DRI)  |C /AT vz |FEEA(/t-DRI) CRITV2R
AR Fe,0; 95.8 %(Fes67%
$M.ﬁﬁ%ﬂE g2 (Fe ) 1,417 kg 1,417 kg
=) 4.2% loss 1%
’ $EITA650 Nm®/DRI-t 800 Nm?
’ HNEVEE150 Nm®/DRI-t (71 kg, 8.64 GJ)
C A (50 Nm®/DRI-tOLNGEHIN T
LNG ’ m(‘ m{ ’ 50 Nm® (1.79 GJ) [108 kg-CO, 279 Nm*(10.0 GJ) |602 kg-CO,
Ferf IZCA'1.4%CRpN)
B . Fe total 94.0% C1.4%, IKG 4.6% 1,000 ke o keco. ooor 128 kg-CO,
I (Fe metallic 89.4%) (metallc Fe 890kg) [ 167+02 | LEVDKE (C 3.5%)
CO, HEHHRE (i (/t-DRI) 57 kg-CO, 474 kg-CO,
PR TR O "R FEOPEHFE AL, &FE 1.9 t-CO,/t-Fe, MIDREX-H, 4% 0.06 t-

CO,/t-Fe, MIDREX-LNG #: (k%) 1% 0.5t-CO,/t-Fe TH 5,

I bz, KFEE

TR T« R DR
- Shaft JF  #E/J 954 kt/y DIF D EFFEIL, 55 m @ x 15.1
IlmH THV., FEL508m’ THD [6], 2,500kt/y Tl
3,500 m’ SFOFERRE AL S10EM &35 L. 0.6 FHIL DY
25 &5,

TLETIIAZE AL BET L 120 D KBLIDHRE N MLETH D,
i 1% Shaft 736 L OVKERLEH O/KEMFECTH 5,

mH+ B35m®d—26m®d) x
L 1330m’ METH D,
(1,330/3,500) *° x 510 {& [ =

AR M EKFERIL250 T Nm’/h (2,700 GI/h, 179%kt/y) TH Y 750 MW TH 5,

10MW DI/KFEFAH DS 75 LB TH D,

7 3 |Z International Renewable Energy Agency 75 Tl L TW 552k (2050 47) O EEMEK

FHE S L ITKFET A NETRT,

FERXZLHRT  Shaft 7 285 (&1 + KM 165 (EF  &F

DA RZ DRI 2 A MIEHLE,
10 MW & DOR%IFE 2 220 M / 35 &, 75 HT 165 M

M&ad,

450 fEHTH 5,
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#*3 /KEIX b+ (2050)

BE 10 MW (2.384 t-H,/y)
Y 2T LERE 2008 /kW (22 M¥/MW)
B REAL 42 kwh/kg-H,

AkFZFIARX b+ (2050)

R 10 MW
VSN il 220 M¥
Eifaak=¢ 14 ¥/kg FREXRILY%
TEE 630 ¥/kg BAHEM 15 ¥/kWh
51644 ¥/kg-H, (58 ¥/Nm?3, 5.3 ¥/MJ)

22 #EAR K+
2 4\ TEIPIE T OSSR L OVKFRESEE TS (MIDREX 15) COEBEZCH (DR)) =R k
HEE 2779,

x4 BIFE - ERKRETEOEEIRA M (£EE 25Mty)

=Y EEKRRTE -3
EEE I 2 F(/ke-Fe) |EIEE | 2% b (¥/kg-DRI)
_ _ BEFR 159
TGS [REE 80BY 12,000 MY/y 18 |mmus |mmE 235BY 3525 MYy o [FEEE 1%
OkFR TR <)
INSI 100A 500 M¥/y 0.2 A 100 A 500 M¥/y 0.2 BB SM¥/A
EE#H [ 5 EE Rt | 2
EE8E
RATE REAL(/t-$8K) Eiff 3Rk (¥/kg-Fe) |[RATEL JREAI(/t-DRI) ==X a2 b (¥/kg-DRI)
#iha 1,594 kg 12,000 ¥/t 19.1 LA 1,417 kg 12,000 ¥/t 17
ES FC:5¥/Nm°
AREA 118 kg 1,030 ¥/t 0.1 H, 800 Nm* 75¥/Nm* 60* ACKf /Nm
VC: 70 ¥/Nm*TdHh %,
Ca0 44.6 kg 14,000 ¥/t 0.6 LNG 54.5 Nm® (1.79 GJ) |1.5 ¥/MJ 2.7
AR 827 kg 10,000 ¥/t 8.3 #h 135 kWh 15 ¥/kWh 2.0
0, 19.2 Nm® 500 ¥/Nm?* 9.6
LPG 5.3 Nm® (469 MJ)| 1.5%/MJ 0.7 (Hyp) 800Nm*® 58¥/Nm?® (46) 205032 b (200$/kWh)
;Ah 139 KWh 15 ¥/kWh 2.1
EHE 5t 41 *
82 (68) () 2050 = Rb
TBHEAE 15 ¥/kWh
BT (¥/kg-Fe) 46 [ [ [ s¢ao) |

*: KFIR b 60 ¥kgDRI #EBHETRRL TLDH., BEIEES 4%/kg-DRI. %
g% 5 56%/kg-DRI TH 5, KFIR FEEIEE - THEICHT515E. DRIOX
kD 84 ¥/kg-DRI DRERITEEE 6 ¥/kg-DRI. £EIE 78 ¥/kg-DRI &%,
F1IRENA 2L B &, 2050 £ R b & $200/kW., B HIEE L 42kWh/kg-H2,

R CIEgEk 2 2 M X 46 M /kg-Fe T ¥ \MIDREX #£® DRI = A k(% 70 F /kg-DRI (2050 4)
Ths, DRI ZA ROHT, KFE=ZA D46 [ /kg-DRI TH Y &I d5 8 2 EE D 66% & FEH
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IZREV, Bl E < L7 KEDEN 72 WSIHITIE DRI O 2 X MIE LS AR TH D, &
fi KSR HEAGAIE 2 1E 31 [ /Nm® (B ik 8 11 /kWh) ORE, DRI = A b % 47 1 /kg-DRI & 7¢
D EFEOSEER L FIRRE L7 D,

SRR S < ZI bR R OPEHFHEAT L &AL 1.9 kg-CO,/kg, DRI % 0.06 kg-CO,/kg TH V) |
EFIEIT TR L IR FBIFEALAY 1.84 kg-CO,/kg K&V, ZC xtiis CHEH T2 (bR FEDOfiEE T
IV -DAC TEMT 5 &, IFREENASN— R CTREET AHE = A MI 8 M /kg-CO, LETH S,
EFECHEHT 2 T LIREE ERET 5720120, 15 /kg D X MEE R | FEEOHEE
filiksix 61 M /kg 720 DRI D= A MIE-D5<, e bRFEOITHE 2 MM 5 & Mk
RFEFIE T A MX 14 1 /kg-CO, & 720 EfFEIX 27 1 /kg OB L 700 | SEEMMAS I 73 I /kg
E720 . DRI L[A&EE 7D,

2.3 KFREEETEDEMRE
RFIE T, B (Fe,0,) ZEE LT MR{LRFE TEIL L, AKREHETIETIIKRE TE
Y %, BnEfs b5 L ERsiE (D) X Q) AThoD,

Fe,0,+3CO (g0 — 2Fe+3CO, (g AHr = -0.221MJ/kg-Fe (1)
Fe,0,+3H, (g0 — 2Fe+3H,0 (g AHr= 0.880MJ/kg-Fe (2)

RELAT OIRTCIS X ENAVE TIIFEESUG, /KR DRIJE TIHXWES L TOMHD B =1L F— % it
T OMERD D,
FOREE 900°CDIRE, SN DG &2 B &3 28 EIT, 1.69 MJ/kg-DRI Th 5,
FOGEY  0.88MJ/kg + 900°C % THIEMZ M E e 0.81 MI/kg (=1.43 kg-Fe,0; % 0.65kJ/
kg-Fe,0,-K x 875 K) 7t 1.69 MJ/kg-DRI
2 TiE, NEHIZ 150 Nm’-H, (1.62MJ/kg-DRI) % FiAATWAMR, FIESEOMIETH 5,
HEEE LT, MAAZRNAX—FHIET H7-0I12, IISEELZ EOREE TRITFHENTE DD,
$45%0 D DRI OBABAOFIANEDKET, MEHIKFE OHAE « ZRIRBEIER E03d 5,
KRBT K DB ICHELIL CO R° Hy/CO 2 L DinlEE L 0 B [7, 8] . ARERFE (Fe,0,) ZHIWT,
850°CC H,, CO, H,/CO (JBA T A) TOEILFEZEL L FER 8] TlX. H, DA 15 43 TiEst
X 100%IZE#ET D5, CO DEE 30 73 CTHIEILHFEIX T0% TH 5, H, 56% CO34% CO, 6.3%
CH, 4% DIEEH A TIE 30 0 CIETLRIL 5% Th o 72, ZD X 5T H, @EoiEITE ol E 2 CO (&
JFE) IZHRTRE W,

R IC SO VLS & PNERYEEAEEE O — S OEEGRFEN & 5, Hy B IoS TIERIDH O 543 (F
T 60%) 1T ODOEHIEBENHA T DN, RICORKBER TIIPERIE A SE & 725, CO =
TR TIEHID D 20 45 GRILHE 50%) 1L O OASHIBFEN AT A, BITORKIBE T
WERIEBO IR & 72 D,

RFEHGEITCIETIX, RRT A ZYE L72iEkiE (H, 55%, CO 36%) D% 7 MKV ApENE
HEODHIENTED, HEE LT, KEBELIETOY v 7 MENOIRE A - 1Bl & Ofif
BT [9] 2D, WA FmDLHLENH D,

3. FLHEBRREE

FEFYE ISk 2 A R X 46 M /kg-Fe T& ¥, MIDREX %0 DRI = A k% 70 4 /kg-DRI CT&
%, DRI A FCIIAKFETA M3 46 M /kg-H, TH 0 HAZIZ 5D DEIED 66 % TH 0 IEFIZKE
VW, BAMESE L . L2 AKESENROSIHICIE DRI O 2 A2 MIEL AFTHDH, LUK
PR RS2 bR OHF AL, &% 1.9 kg-CO,/kg-Fe, /KFEEHHELIE DRI Tl
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0.06 kg-CO,/kg-DRI TH V) | b iRHEHEH S IR FTRECTH 5,

Zero carbon %t)i CHEH 2 “{LIRFEZ T I 75 -DAC THIET 256, _LIREOITHE %
ENTCTE DL _MbRFOME A MI 8 /kg-CO, Th D, EIFIETHENT 5 _WfbikFE
EARRMET LS, BIFETIZ IS M /kg D3 A MY L7220 SEEOSESMmS I 61 [ /kg FHY &
729, DRI ® 3 A MIUT-3&, DRIEIAFIEMIEL B 5,

DRI X HARDE g B —R AR MBE R ERT TH DM, KFREa X e, B2 A AKX
Wb BlEa X MIEF LY bE b, Bl —R U KEOLMMH OKEKEM S AT A
R EDOIEH) . AR ALY —OE K, REIESOIER S X582 A FOBEAmE L2
VAT D,

DT —=FSBITOEETRTT 5,

Bt e LT, v 7 MEOZIRI, $EA N TED TR THEIEEIRI 2 /NS < TE 2k
MW EOMBENRH D, £7-DRIZ LM Lz &, 8 - 2 X M OESFE2ED TR
B TROAFLMFNLETH Y | FHCEWE O % A ET DB A S OfRat 72 ELET
b5,

4. BURIRE

FPRO ZC AR & TOKREHE T MBIEI R E RAEZ D2, ARTIIBRMHL THH
T\ RBRODRNTETEH D, ZOTDIT, WFORERIER & OB & d B et e+
2120 OEREXTIRO G2 SRR ML BN D 5.
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