KIER

CT Brief

Climate Technology Brief No.44

2Y el Etas)
- Decarbonizing steel, Technologies and Costs -
2021.11

T [EpNPIE R

jlojl I‘lEF*El

wfmn 1= 0L]1 | £ 0322
\mmm—  KOREA INSTITUTE OF ENERGY RESEARCH



xier CT Brief

1. 2P| 2Etast TR

@ A 2122 BrAFYS oz
22| 2RI ALY
0 MPHoflAf pat
X A A A0

J

H =
=L B 24

@ 20209 A BL =17
0 20204 "%*(Crude Steel) M

0 2018E MHle =S Mt
Ol X| AH|ZC| 8%E XIX|

JQ
~N
™
o
S
r

=]
=O 2 2h1~2% B7150] 2050 of 279 4,7002 2| =25 TY
%‘% 189 7,6002H=0]| EEF M, 0| [T =0t Z|CH AH|[=
k21 1ol 33.6EJ2| OfAXIS 4B, A1 BF OLIX| 2H|ZFQ| 20%, 2|5

r)-

OF

hported heat il
1%

Bioenergy
1%

Natural % “

Bectricity

WO;lg?'gOIal 13% Total energy
Million tons consumption

of steel
336E)

74%

=718 Y 2H[ZH(20)
£X : BloombergNEF, 2021

H
d
nE
n
oy
0x
el
ot
N
=
mt
oy
0x
el
=2
>
9'_|-
2
L
Ral
k=)
0o
L”,

18)

@ (Ol x| Ef) BF-BOF 382 2t Ol X| Xz 1&E2| 2 Mt Al Wd 21.4GJ2| £[S0|HX|Z 4|
OfH, TAJLA J[Ht DR-EAF SE2 2 1= dat Al 17.1
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) ’ Sintering Coal, Coke 2% 16%
20 | ; Lime-making Coal - 3%
o Coking Coal 6% 16%
15 Ell s Iron-making(BF) | Coal, Coke 48% 18%
¥ Energy intensity Stee|—making L
10 | (electricity) Electricity 3% 3%
@ Emissions intensity Cast(BOF)"
N ing, rolling, - 0 .
5 o ; finishing Electricity 27% 5%
; e Boiler,
0 BF-BOF DR-EAF Scrap-based EAF cogeneration Coal 14% 39%
A2 A 2 oL X| S =3 U Z|F M| =0l Chot of| 4 X| 3 B FUE 2M

=X : BloombergNEF, 2021
* BF-BOF : Blast Furnace-Basic Oxygen Furnace, DR-EAF : Direct Reduction-Electric Arc Furnace
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| SIESIS 2ol Xhgk(recycling), 224 BFI(hydrogen reduction), ERATE! 31 2k X{&H(carbon
capture utilization and storage, CCUS), &7 |2t 3! HH & (electrification and clean power), Chtl| XM =4

(alternative iron-making processes), Bt A4f{(carbon offset) S S| EIEMASIS et 4= S Ao 2 J|Cf
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@ ullX| 2 1HE-E (Net-zero recycling)
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S5t > SIXH T M| AU IHER S 85%0|0, &% 304 2H100%E SAe o= ofjitz|=n
- 0|= &2 W7 22| 100%2 2EIE|T X2 ElCk= 218 o0
(How it works)
* New Energy Outlook
=zt » MU NEES Sl 2L A HiE U (intensity)E 0.04tCO/tE &4
= I o " o
(Emiss; no | HYMzion Muksl M2 Akt M LSS 0.3tCO,/tE HH JHsstH, o=
2019 B2 A & Hi=EZEC| 13%0| siidsh= 3 3,1002HEC| CO, Z=0| 2Hs%t AE 20|
> HHHEHE 7 |aX- U0 2 =0t 0| B Aol M HE2| AFRE|D UX|= S4S
JEH EH - 238 7|8 EAF(Electric arc furnace) AFE0| &2 7|2 THTOH2HPPA)E S3H F
(Commercial 2 ZEHOPHLE IO IPHOHXIZ X [SH= & AMPHOHXIE £[H O 2 ARESH= S 117
Readiness) U= E|CHO| EAF 2|8 - 840|401 Tokyo Steel2 &7| 24 HITOIM XMEra T
ALE ECHE 3T
» EfY, SH 5 ME2 2HEIAS} V=52 240t H|E 62t E= AT JfA oMo =2
Neg 7=2 RN RRUAE A2 = US
o 20214 20504
AX|M = | XA HE3($/MWh) LCOS($/1) A F2($/MWh) | LCOS*($/t)
(Economics) o|= 46.2 572 48.7 568
=4 71.3 5571 64.7 538
=3 53.6 642 450 620
X 202113 KARFE J12400l M Q20| HEE|X| 049, 2050512 HiHY Q20| TatEl o1
* LCOS : Levelized cost of steel
> 2Z MEE2 M YA A2 (commercial scale)2 L= L UL H MA B
e ARO[ 30% E AFX|SHX|TH AT IHEH0| =0 Mo = &HE
(Scalability) > A= 0t St X THHO|L K| JHE0| CC| 1 M2 AA=F0| BE2 2VH0|M= EAF SHED}
WS S26| 2tEsts A0 MM o = {32 o= MY
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@ =2 (Hydrogen)
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> BF-BOF SHEOM £43 ALEOHH B4 HIES 20% XMd + USH, Oj= By
wzar 1EY 0.44E2| COE XA ?ts
> Xy ot D2lpA 2 EE|= DF-EAF SHE = B HIES0| H| gl= Y 40| Ots
(EMISSION) | il DF-EAF2 0210 KISl A2H2 S5t 1 4100, XIH5/0] 0.025tC0,/t-steel2
U=t
P AIE 102 2% 91 A HX BF-BOF = H2DR-EAF ZMEL ol CjEE
OEd Sl E|AE B
- ArcelorMittal(EME223), Thyssenkrupp(5%), SSAB(AYIH) & 87 HZ J|Y
JSEH =] =2 AASIOINA 7 SIS XIS QoD QURo| =0 MUNISE TIELA HE =
(Commercial % HYBRIT Z2d|E
Readiness) - AQIEIo] M| SSAB, HAUAD|Y LAKB, OLX]7 |2 Vattenfall°| 55 Z2MEZ IjUsd
SHE IS TADIX| 5 1,860H 2 (HE 53042, LIHX| 3it) S £t
ALY E2| 201 X[t HYBRIT G2 I‘EHEOHH oH”***(Sponge iron) Al dLE ets
- 2026 E0HX| 2fMAR S ALRSEX| 941 Ol 20| ZXHE lAlct= S =1

4t DR-EAF SE L 31012 7|9 H28 At Ciie] 12 23821 2.9
5011 CHS 20| 2I{0lIA] T2 ALBXIol

T = O 2
HEElE 4 7142 2050E7HA] kg'd 0.8FHEIIX| LOHE 222 O
4T A - 20214 2050
Ox-” o :rl'—l— * *
‘ - = | 2A33%1A($/kg) | LCOS($/t) | +AZE7HA($/kg) | LCOS($/1)

conomics E 4.1 815 525
=Y 5.4 889 0.8~1.5 432
o] 3.2 658 510

* H2DR-EAF EHEO0| S2El= 4 710 R, oiXf 7P XZEor Jglaa MADIE2 $2/kg2 ¢4 352
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@ CCUS(Carbon Capture, Utilization and Storage)
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(How it works)

> CCUSE O|AMBErAD} ISRl B WAt 3 T2 Mg ots

* A4 8 A2(Sintering and Coking), 1 Z(Blast Furnace), M17tA 2|8 25 23

[ Sy

(Gas-based direct reduction)

- CCUSE T4 = 8ol 20]| QASHH Of phetEtAE [T 90% XA B! ===t 2t

St DAC(Direct Air Capture) 7|22 0|23l HIEE2| X5 10% o4l 7=

4 |_|_'I
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Of|LA X 2~ H
(Energy
Consumption)

» EtA I Of|L X| FF=(Energy Intensity) : 1.2~1.5GJ/tCO;
- 20 7|8F XE 3 1 0.9~1.1GJ/tC0O,(250~300kWh/tCO,)
- EXEICO, &= 274 1 0.3~0.4GJ/tC0O,(80~120kWh/tCO,)
- Of|L{ X| 2H|" : BF-BOFO| CCUS 914 - 2.6~3.3GJ/t
HMATIA D" DR-EAFO|| CCUS 4| - 1.7~2.1GJ/t

* IR O X Y M2 S Qo HY = RERL MOt 22 HH MBS AMRSHD, 3%
M FOIZ HiEE|= ER ZXSHHLE 2E 37| ZEOZ of24
> O1E 50| £2 CCUS A|ARIZ X|CH 90%IHX| O|AHotEEA L EIO0| IHsSHH, SAXY
SUSQHERS T2 ME =Y S 53 5 R0 I
HH=2f - Y 52 2EHH BF-BOF 537 HiZ32 0.2tC0O,, DR-EAF2| 578 HIEZE2 1%t
(Emission) A2t Ect0.08tC0,2 24E JHs6HH X0 HiS2F2 EfA A" (Carbon Offset) EE=
AE RS Sl AL Ots
* O|ASIELA 5 2AMTIA N2 50| £Xfote RE 53 UsH)
oA F=H| » CCUS 7|2 YUTSt QUX|Tt TS| 1ote| BEtATE 0|11, CO, XMZ B 2
(Commercial JHsA40| X|Q40tCH 22t CCUS £ H|] & X|2i0tCt Alo|
Readiness) > CCoh AAM F 2o A2 Aditnt ¢ot CCUS Z2ME = A0 21t
»EA T HIE2 T =2 SRt HIE/EE OHE
(34X = H|-) DAC $600/tCO,, MEF 1AL $79/tCO,, 7tA $85/tCO,
HH M — BF-BOF+CCUS+off set($/tCO2)
N = 20214 2050
(Economics) — e
o= 697 665
=9 727 665
== 884 737

sy

(Scalability)

T E512{HM off-set BE= DACKE H3listo] &8

o = O
Mz2 22 32 Adotixt ot 2 X[} gls =7t2| BF-BOF

ces= £ 93t
E A
SIS S

1) OFA|OFAA|, [EFAX|ENO| H| ] (22) EtA AMM(Carbon Offset), 2018.02.09
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ArcelorMittal : TH|4tetE ® 2| &238l(Solid oxide electrolysis)

7| 238H(MOE, Molten oxide electrolysis)

Fe,05+e > 2Fe + 3,0,

» MO 2SHE 0|8t Y it HE3IE fisiM = MER2 FHE HHE TR
- Y128l 32 H2DR-EAFS H| W2 [, X ZSE | HAMZ AR J+s6HX|TH oL X|
28 d4E0M=HaEN
Mol xo| 2Eat YHE UtE=0 AM8 = &Y 370 [zt H2DR-EAFEL B2
esh 2L OHXIE ER=2 5t O B2 HI|E AH|
(Conversion HE 5 BF-BOF H2DR-EAF Electrolysis
_ = H&M(Iron Ore) | M TENron Ore Pellet) | A2 (Iron Ore)
Complexity) oz AMEHCoal) 24 (Hydrogen) X 2|(Electricity)
S| T3 A(Coke) 22~(Hydrogen) HXHElectrons)
Y e 2 2 1
Hi=2F 1.7~1.8tCO,/steel Close to zero Close to zero
Of| x| &= 21.4GJ/ton 13.1GJ/ton 14.4GJ/ton
AR 0.20MWh/ton 3.66MWh/ton 4MWh/ton
» MHO = O X|E AH|SHK|TH O X| HU == Mol B &2 0] M2t Xfo| EXY
L{X| AH _ L
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(Energy o
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> (ArcelorMittal) Siderwin Z2MEZ Es{| MI |22 Est HUAM 420 AT
AP X =H
SuH 2| T2HEE ME, J|a4+F2 TRLA0| EEHSIU N TRL6S 2HF
(Commercial .
Readiness) > (Boston Metal) MOE ?|=2& 2&05t0f |t 98% HZ dit =22 7|5, Tl 2 8Y
50~100% 20| AMBE HSO2 I 43
> MOER Y dithg TV (8= 242 XH2 HI8(Capital cost)at 87| I HIB0| &5
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exls e 20213 LCOS($/9 20504 LCOS($/0)
(Economics) o= 1,394 594
=% 1,411 610
o) 1,035 466
* Z=2 2149H|2} Q121H|2} X8} Balance of plant H[80| 0|22| 1/3+F02 £
* 2 U J|dto| 1B RE A TR0 TSt 2 12 AL 12271

@ 2= Net-zero?|=2| LCOSE 2050EMHX| of2tet 0 2 HO|H, Ol= HY EEASI0| J[oig A= ofdf
0 E3|, 2050 LCOSOf|A| H2DR-EAF2} MOE 7|22 E8|| AlA=l H210| CHE 7|0 H|sH 2123 ZX4240{|A
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Levelized costof steel (3 crudesteel)
180

140

DREAF  BAU BAU BAU  SoapEAF HADREAF BRBOF TGRBF-BOF BRBOF TGRBF-BOF  MOE 0
+  [REA) [BFBOF) (StapEAr)  + + ¢ ; : ‘ . ORENF B BAU  BAU SomEAF HOREN BFBOF TORGFAOF BRBOF TORBFBOF  OE
Ofiset Ceanpower Ceanpower  CCUS CCUS  CQUS  CCUS  Cleanpower +  ([OREAF) (BFBOF) (SuapEAF) + + t t + + +
: 4 ¥ + (ffest Clean power Clean power ~ CCUS cous CCUs  CCUS  Clean power
Ot Offit  DAC DAC B * i i
Offeet Offeat DAC DAC

B o= I == s
2021 0|2, 2, £Y2|LCOS 2050 0|2, =, £Y2|LCOS
=X : BloombergNEF, 2021
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