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1- Reduce 3- Remanufacture

2- Reuse 4- Recycle

g0 oy duse eolaiwl e LB L8o )5 les ol
5 ssboizl o amme Sy Jslse o LLS T asly
Ve d o alsdas >0, S, 9009 el golazdl
J=8 Llie slls azily leslws ilygo olaidl S o
0)15 J_..IS)LQ} u_..u‘ u..:ﬁ) Q‘B—A )_in) a u.._w @Pﬁ’
o) T8l g Tordgsb ¢ oo solal ' zealS Lol
Aoy oyl po Al () JSl) aisS o i Llse

)3 0929 o (—la Al

el -
oS il peals del go¥ed lals 5l eolisul
A astio osle SO oY 804 5 e Vg d > da S >
Plo (3 s 3l g polis job an S cul o) 8
Glaslo Lol o ool sl oo il e bl s, Sae U
e Gli¥ sl 4y S8 slo (DS 5l sk
Lo 5o ¥gd Sl Ll (09 9t 4y omie 233l
5 9,992 <8l b Jlol Leae ol 55l Jlie il 00
o=l oA ogaste el Lds o so¥e 3 sl Lbgd
I3 22 63955 451 (505 5 i 330 85 2y g
3 el oole ol sloads asl OYgamme SYob ac
e o
JAF , Sbalal, ol 0 aS 6,50 Jsle g oioyl il
o e & o 2l o o ol e

A

|
N

AP
=
Y,
BV
|

5

A
\

=

WAY Jlo « o)t 3 Ja> o ko



Z

g
)
~

Lo

a
E
Pl
3
=2
>
-
=

oYgd agi o 40 (65, B pan Wig, -V S

Syt 30,0 Vo LI VD (o iSTus |y QT Ol o0 &S
(851 B (508 A (IS el ol Sl
A S o a8, s Sl poxd d jaome Lagid ol |
o 3 51050 Al Ele ay Lyl aigy 0, Sles

el a8 e sl

24 00 09l 1 65 1 690t 48 pXeir 3y iy
gt 1= Pz L8 B 9250 (Sl g59leaSS el
=l bl 0l gy °~\—-" 2 S5 e e




Ny glezr < pan olzen Y S

RS 5L asVsh (ysioead 4SS o> iagleS s
S 5 el Ly (sl il jshndl 5 il 05 gy
%79 =B H5b o Lajgige 4ol 10 9 0 0 0y
OBl izmon Y9-8 .0, 5 aaalss B ae (65 (65
| W AT NN
i Az )3 9 98 (o0 a8 o0 S Cdlsh Sl
Gl i i S o Lyl il g0 olaidl o —age
LSy blajlogls les slasdl o o¥g 84S 6,50

ol SYg 80y T g b sl g 00 iS B e

ool o2 lgs oY g8 3l eoliciul -
Yokl jee Las )55 B )Lae jl (6 Ly SYg 0
g ) (gm0 u..«_o.’ ..\_alysa u.ul_w‘ u_:‘ —9 0)‘.5
VT caile wlals IS oLl 10 (65,51 (5590 2
Pl ol B las oYl a5 slaoYed jleolaz .l
8Yg8 093 ooy 3| Jol> CO, i ialS jf in il
YL Sl L (sloo¥gd o Jlie lgic 4y sl aid iy
il oo L8 1) Lol g oo o Gials |y LapysedlS” (359
2 CO_lasdl e lod slm 1) (6 iin SLa¥S' LS

>
2

A
\

N
(&

Y%

AP

A

\

WAV Jlo ¢ plaz 9 o osbocis



way Juo . ,o)LQngHo)Lo.&

S 5999 (2 gl (3 55T g ~
Ol e it 4 S el (2> L CO, s yials
B TS B
odal i 0,5 3§l (g=eS 0, ol e a S cl gilwoYed
0509, ol 0l CO, 3l daome oola il Jolds g o0
SLaf8 sl o als 4y g ol 3 dge ool ¢y Koo
e leteds 0 iS SoS oY 8 Csin o GlailS
TA;J"LA)’T u.:l_._u 0 4S 05,5 & Hlsarna ‘1_3.9)‘ 5
3 =S 5 3= ,yb 3l HIsarna 059, .ol 2840 ail> IS
el Lyl Y58 pg iS5 30 5 (odgd Slng
Geioss sba adlip 5l 5500 (S0 el 0 09t (e (Lo
ity Cgs la gy 4 S "COURSES0" ol L aswgi g
olopin 4y gl o ) L o ety
Ly gy B o o lad o S oSy ol 1o
725 C0, (ials (555515 (gl gl s (5T g e
ol RS 1oy, 5 , SRS
Sb colem saseio YL (65,51 &l Jagi a5 adl
5 g o1y adlyglys (gilawsal o tld S g b oo
ool ailaie gl g S ool s egdle il osls ), 8
Ly g o o3 S S oS 3805 bl oo g
A ol (SOACTYth, g Sy sLngilyiST ol
ClaSuSs 5 glwo¥ed slaanld o la 5 ST i
753 bl o ailvy ola 4o 65 - (ool il
&S Gl 2l Sl o adal) ol 10 (6,50 (sladali s Las

4l y g0, S ;0 POSCO 4oy dsy g3 o0 atax ]

Ol 45,2 9,59, -

Lacs,d ploi olwlils 5 Lo D ol aslsl jotate 4y
60,559, wWYed Bl az > 5l 1 S Ll pals ol o
ol a6 gm0 Vg 8 l> a5 > adgie any | lS
Jsmaze o dgid s > Jo b o Lg)'lfﬁ;\)L&iﬂd_:lft_..u\)
)’| J_,ol> ‘_g))_ﬂ A_é)_.a.a u,..._mlf u‘)—‘-" [ ol)_o.tb “_g.)'}fp
Aol b o e 10 5 5 S (slao¥gd 6,5 Sy
S (5 mdy Sl 058 e 1,8 s e oLalgs 5L
P asb ol el e oy b aud,F L s oly o ol
3970 e o2 gla Vg Sy ol oS ot I
oBuys 3l 0g-d oo adly ads Sl jo (so¥sd Dluls
o Ye 8 g men slools é_f.x;g)ﬂ Ol Sl a5 >
b L ins] (gmen 5208 (M Ly Slso Ly el
Mg i po L s el (sl ST L (S
Vg3 (6 ymdy Cdll tais jla S oS o mleidgs
Clor sl (o 1 55 Ol Pls5 53 i g
Sl 690 Sl 4z ()l slag b 5l Lacdss
il U Sy ioals - U USRS SR
OB AS GB pan 4 S au il glaseSas anl cel slg o aJgs
0 TR RS

g 5T SRS 0 plzl 45 gloal o Clsuil wlas

Ol yo Vg8 Cario lacdled
39 e=odled sl ol Jls o Loz o o¥s 8 2 Lo
A ;) 7 4 CO, p s ialS gl

Vgh Sl as > —F S

1- State of the Art Clean Technologies
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1- Intergovernmental Panel on Climate Change
2- CO; Breakthrough Technologies
3- Ultra

5- Asia-Pacific

4- Best Available Technologies

N—
H

N
/

[
)
B

2

A
V

N
i

WAY Jlo « o)t 3 Ja> o ko



way Juo . ,o)LQgBJRo)Lo.& \

CO, (alS gl (5555555 (sl jsbiss (1 51 o5
= ol e glaasa g Vs b5 ol anlio o
SiIeSS a3y jaa ()l 65l bk slasidess
IS man e oS bl s sl ez sl
el 485 Sj90 09, i sla iy 5 ol aias
sl Ly a5 (Lo 5 —ogpie 4_alllae adll o
9 &ge g 00 4l CO, i3 2alS (659955 (o e
a5 8 s 05 Loyl 00,5 (2l o

Sl oS 4y s 13.C0; 55 (ymslen VYV ials
Lol 485 O jg 0 Vg8 g bl aolio ;0 BATS (40,5
L el 085 e (55,1 (Aol ot oS iz
o= YT 5 CO, jis ¥y 8 g pal alio 4y BATS Ll

LYy (v Jsei) oS o las peals Jlow po
Sy sl 5l (Ao (> 5 hasl o adlie ol o
5 &5l B Gl s 0B Sl Y5 8 5 (o
2 O30 g il b alise sla isu ;0 CO, i
P el e i B a8 )3l 8

IN] 9290 slo 65909555 2y bl 2 Yo =0 Jlos ;8 CO, (ealS” ol Y ST

1- Carbon Capture and Storage (CCS)
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1- Syngas
2- Waste Heat Energy Recovery



ot (8 gl 3l (S0 S A S e 5 Jolie
-l Jlil (25Ty g IS Ly 5l 3l
20V 355 o b COG 13 39290 39,00 (WGSR)
« CHP olS'g )5 a (g jLws¥gd lonls IS (199 5o & j9—
) b 53939 65, ae e 4 (g5 o0 BEG 5 COG
L0¥] sgos ooli o by (5,

69959 Lo CHP i s 5l 4 Sgad ool Yoo F JLws o
o Shandong Jinneng Coal Gasification Co 4> ,IS" ;o COG
'3 ol Gyt o elgs Sl b iy 52
Cwl V/# KWh/m® 590> «SS 5 AV« » m/h &8, _ae L
S 50 100l oS o adss Lo Yo kg lsyen
Sl 00 00lo L5 COG (639,9 b " CHP ol8 g, 05|,
Lol Jle laic 4y COG jl oolail (0 550 S al
SS 5 jedaie ol (gl il i sl a8 o
S5 oy 3 s 3l oy 5 00 (o psilgns bz
Loyl (Ve JSo) s oo L Jgas 5

ly ooz (g5l S a1,8 Ota Works &S s oy l5 3o

SS 0 35 3 coliwl sl 559l (\-F
"(COG) il
SS o ulp il Jeaxe S5 Lea L, COG
JLE; 005 =50 1, 80l Uides 45 Gl
o3 VS0 L5 VYO Yaono [8] ol ooty oSty Sis
oolazul SS ) adgs Gl 0digis & Kw JLs;
COG 25 ,ia YFo L5 Y- - QL.:.Q‘H‘)QBOM‘SA
.(F-A GJ/t coke) Sg—b o0 A_.Jy
N, 5 CH,eHy COCO aiile Cilisen LS 5 5| gl COG
D23 g0 ]SS 1481, COG g0y 1Y omizen [00]
g Sl 8 (500 QOGS Jmis Oj90
< waly> 55 ¥V 65 -l gl (e sl s
a9 (85 B yman ey il Sl 3 ol [0
ool ol oy s S slagls’ a5 aals Gl s
L COG (5,5 IS pogie dy (6 it dzrgi Al Vg 3
ety bt Sy s blin s iy 33,5 iy e

035999 (65l adgi sl e adls jodnyaS Clon s

LoY] oG jf oliul A S

1- Coke Oven Gas
2- Water-Gas Shift Reaction
3- Combined Heat and Power
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1- Super Coke Oven for Productivity and Environmental Enhancement toward 21st Century
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1- Thermoelectric Generation

WAY Jlo « o)t 3 Ja> o ko



way Juo . ,a)LQggJHo)Lo.& \

LoV] seebeck i1 oayay gl NY S5

05l (3l <8l 3L (o1 Lo gL sig (Y- V-V

W dagi JLo 50 (5 )54bg sLasislssSS |2
ik ol ()l 63 (e slagtg, L as
gl [V)] Kasai Pl 4 adoe (Y Jgoz) 08 oo
B lod (5 ATy aily 0)9S o 0)b (g,
S P—ite (o S gy ol g3 Sl 00, S
o3l 5355 S (gl ol S5 5 Ol s by L
a5 0,5 ooy Boolaiwls e oyl o, S atgil S g i
Byl sl ogd oo (ol Sl &l Jliil Ay o

05l pw 12> 3L 50 (S 38 slagg, (- Y-
a0yl ()l bl gl goaie (slaisigleis
Ol ol 58 Sl o0 o0ld dnnagi g ol (S0 328 b
oo it 23S0 ol 4 S5 tea
lgmts o o —SilSC imls 5 23] 0L Wilodt gy,
Jou= 5 S yilw L 55 50 5l 50 )5 (3l adgil S
IR DR P |, ol S5 ] (g pmanies )
c)j_f o)Lg)_..) 6‘)—3 u"ﬁ—@’J‘ LF‘L: Lg\co).i_..f oolarwl

LOA] ools sos ool olas asls a sl

0 )by (il 8Lk (S5 slaghg, aodS ) Jour

Research cluster Granulation Shag Particle size Heat exchanger Heat recovery  Ref.
type (mm) rate
Merotec (Sweden) Solid BFslag  ~3 Fluidized bed 65 [59]
impingement

Kawasaki steel (Japan) Mechanical BF slag 40 Partition wall type heat 50 [60]
stiring exchanger

Sumitomo metal ( Japan) Mechanical BF slag 20 Partition wall type heat 50 [61]
stirring exchanger

Ishikawajimae Harima Heavy Industries and Sumitomo Metal Single rotating BFslag 10 Fluidized bed 60 162]

(Japan) drum

NKK corporation (Japan) Twin drum BF slag Partition wall type heat 40 [63]
exchanger

Mitsubishi Heavy Industries and NKK (Japan) Air blast Steel ~3 Partition wall type heat 41 164]
slag exchanger

Six major Japanese steel companies (Japan) Air blast BF slag Fluidized bed 48 [65]

Pickering (UK) Rotating cup BFslag 2 Fluidized bed 49 [66]

Mizuochi (Japan) Rotating cup BF slag  2-4 167]

CSIRO (Australia) Spinning disc BF slag  1-2 Packad bed [68]

Purwanto (Japan) Spinning disc BF slag  ~08 Chemical process [69]

KASHIWAYA Rotating cylinder BFslag ~1 [70]
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Researchers Process/method name Function Ref.

Kasai and Akiyama  Methane reforming reaction Hot blast fumace slag is converted into [M.72)
(Japan) chemical energy

Purwanto, 2005 Combined SDA with hydrogen generation Generate combustible gases 73]

Liu, 2004 Coal gasification

Slag energy convert to coal and air [74)

Yang (China), 2002  New one-step method of mineral wool production by using the sensible heat of BF slag Slag converted into high value added mineral [75)

that is high efficiently
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1- Carbon Capture and Storage
2- EU Emission Trading Scheme
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( Post-combustion CO; Capture Process )

Alr Power
Fuel\, +Heat

de NO, /FGD |—~| CO, absorption / adsorption I—
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1- Japan Iron and Steel Federation

A

N—
%

A
V

A%‘J\
o

WAY Jlo « o)t 3 Ja> o ko

,.,\
)
v



e
%
z
=

15l eolaiwl b (g3Lus¥sd 555 il w¥gams 51 CO, (690 go N Y JSis

Ao 5 o= 50 gl gd slanslyd 5q, ;4 CO, Y+ tCoy/day sga> L5 o8 b 140, Y 059 1 (il Ba
o sl iy (o e i Gl a3y Lol an ey (ol 0 a8 (8 slaille o
Slmsbs; Gk 3l 0T 5l ey 9 Sl oa b oalin ol S0 g o650l By il 5l o le Cl o
3l oslo g COp (6] gz 9o (S tylejl il (5 65,1 1550 65 oz il e

[3¥] (18 JSt) el i 5 i opge  csoslocar slaesississ il 0,5 a8 Lilas goas

LAY] oliosts i 0 anl )3 b, A JSE

L1375 ooliows (Sloodle dnwgs N JSs




S1CO; (g9 )0 AV (bl g wdm Sl 55 0 000
)3 0929 (o9

dxwgi CO,CRC pl s (glojg,m B jo 3 LIl o
Jl_> » slie .la_w}: CO, ud_>- 9 Lg)l_w|d~> 6‘)9_19.‘&;
53 83—z slas il il 059 il jo il Pl
JS5—i5 Sz Gl 5 i I =5 iren
a8,8 18 iy 090 (gillaz 0l 8 8 oo
[ag] e

o9y skl 5 (B-F

Gilmlaz 8l 0,5 puilaiS g yislo o 5l ool L
B 0 a4 S glojg,m 00,0 0429 Ko slajls 5ICO,
gy L CO, (gilwlas cl ool oy 25 ULCOS 4l s
Sl (Hy 95 o0 Dygmo aili 0)9S (o295 5B 5IPSA
y9—bie 4 2l 4 CO, Jmad g iy g3l 2l
ool @09).1 J_AJ‘)S )‘ ‘U_"") )_') B U‘ u,u)l_u‘ 9 Jl_a.,.:\
L3 599 a0lyd slaasly ol 1 edle .l o
Al 0,55 4 09,5 (5l oS Lol 5 L > o dei 4
30 HIsarna (65519555 10 509, a])8 slaasly o ws

[QV] ..\_:)5‘540 )‘)J ool Sy9—0

&I ol o (-F
Sllllas 58 10 560 555 slacljne L CO, g3lwlos
o6 1ol SLS 4y CO, (555955 oyl 0 0l I, 8
aslioue coS 5 SO o b s gles g o Las
Ot LayS L sl (s 950 Jmad £S5 9,00
LA 55 o s Lol jou 51 CO, i ialS Ly
Sl 0)95 (2P S Wimg (0,5 Al wl)b
L g "TBAB oL 4y (sloaS assl e oolo oS’ Ls
el oy g aalllas JLs 40 [9] Duc pls 4y iome
Al o it oy el 5 gl s 3yl 31 Ui el
Sl a9 )50 Slat i L el s Ggalillin S

s iz gloaiylyd (F-F
3 aalz (6 53, 5 COp sl 55 Laanlyd ol o
9= (55T 5,5 L cdgsy aiile) Ll ools i
3l 0ol 51 CO, (40,5 Tz dm ad> o 10 09— 0 03l
5\ PSA))L..’Lé u~_a15 b)_»d.a S yg—o J_"y‘_ga Ui’ﬁ) dw Lv
L oS oy Jlasl g (TSA) Lo i3l o VPSA
T(BSA) oS 5Ly
Vg sl o 55l JS—B a4y VPSA 9 PSA sLa by, Lo
gl 08 [AF] aloas sliiu —taio slaasly K g
4 a8l COURSE 50 059, 8 15 oy l5s¥g 59 o, al
as el 0393 é.v).& ‘57\'.’@»4 ud-‘> 6)9_[5.&4 dr_wgd
s 4y (g aily (slrg i SeS L CO, (65509555l o
L)_" )LM..‘B u.,_:olS l_: U .Q)PGA Qg uél_> ool
&5—&641 6)51 =9 03— é‘)] CO, 9 00— A S L_@J.)}.u
[aY] e ¥ 1COoy/day &b ool b o (Y JS)
S5995S5 Azl dmy pla 8l POSCO &S ,-oY » VY Jlw jo
C;}Lw.)}@é ‘_g)'lf u>—“’l'> QY}M )‘ CO, gCO (_g)'LwL\?
o=l e b il 00903 PSA ous digs g,y (bl 1o
CO Uaﬁ—b u‘)_..n 9 09g— \ Nm’/h Sgd—> | (eI
LoVl 739 YL oot (651 amo

s gvass| 5 (F-F
@ G8 gl gl slid e Sl S ol 4
wly st 555 G (05 L (ploeet YLl g Jo
obeadly dam (pliws GBSl g, ol ool g
iizma Yoo ¥ Jlw o I¥e] cul A gjlbax
a8, Shas (g5 a i jloolawl L [20] Lie pls
=95 5 51 COy (5y5] gor ogmas oy At g5
Ot (smyp ol gl ol S8 (sl o j9me iy 098
Lol 59,8 4m ST as U XY PN SO W X

1aY] (oo Qi anls o ¥+ IS

1- Pressure Swing Adsorption 4- Electric Swing Adsorption
2- Vacuum Pressure Swing Adsorption  5- Clathrate Hydrate

3- Temperature Swing Adsorption

6- Tetra-n-butyl ammonium bomide
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Nj-free BF with shaft injection Conventional BF top gas Nj-free BF plasma Conventional BF flue gas

(TGR-EF)
CO, concentration of inlet gas. % 36 23 35 24
Electric power consumption, kWh (GJ)/tCO; captured 420 (1.51) 1302 (4.69) 362 (13) 730 (263)
Cost, e/tC02 captured 168 224 145 296




9939 035 T @8 (955 55 yoae

948l slansly g ablio o O 5l ousee oolasule
Pl paria a8 (s L s e oy
S5 )l A 8 )90 0350 e

&y s slaasly eolail B e O 5l oslale
Gl 5, Ko 8yl as

odid A bl Ol loa b aal Ol gilulose
Ly alisee sla by, L olny ) h99 Sl abmgiony
Sl waly> 092y Joiine slaay e

O Sy 5 AL o jleslaul g gl 0yg0e

5o8) Sl YL s o ana g L , S0 8, b |
OBl (Y + °C 5l L =S) 29,5 sLlajl5 5 (V- - °C
o (ime Ll ool 50 008 0529 Ledl (5> bk
G 5w aJei atee Y-V T JL )5 Koichi Nakaso sl
0l 455 iy oy S (8550 5145 9,5 ol
oolii ol eils s g9 [VVF] Sg—od g0 ool 5Y¥g 3 4
o S S 285 )| | o o0 —iSa; ool 5l ooz
B9 g0 g CO, ;25 (fals )3 ade g 1550 ()
Cenio glodas i Jdos L [V Gu pls ay iione
Joe SO il as > byl asolEs L gV 8 g oyl
izt el 00l Slgs iy U1 B ae gl Sl
ol V0] Fu plss a s  —dioe 5 ,5en L (55
5 Sis mi5eS (659d9iSS 3l ool & jg—o 0 45 Bl
YA Jolso (gao 0 Vo gz ad 0 (g5l SS a8
2 aplys ol S5 5 e ey glilan T o
oo s Byce (ioalS (gl 0,5 ledlanl el
Lol b 05 g g oLi5) 2> (slojlar SV5 b5 ol aslio
w2l sazs ool 5 (b3l (Slapinnn (y32r0d S9Jo
Sl oola il Ly sa S S5 slacl abas glapi
a5 oy e g A8,y Sl g

1- European Integrated Pollution Prevention and Control Bureau
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1- Ultra Low Carbon Dioxide Steelmaking
2- Top Gas Recycling Blast Furnace
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1- Smelter
2- Direct Reduced Iron with Natural Gas
3- Direct Electrolysis of Iron Ore
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Current EU average BF TGR-BF configuration Hisarna ULCORED
Production capacity (Mt HMyr) 05-5.0 0.5-50 05-10 05-1.0
Economic aspects
CAPEX
-Greenfield 100% 105% 75% 200%-no CCS
-Brownfield - 25% 65%
OPEX (incl energy. excl depreciation costs) 100% 120% 90x B80-90%-no CCS

*HM= hot metal (or pig-iron). Notes: the proportions should be interpreted as relative scores, as the performance of the reference average blast furnace is set at 100% The

other data are absolute figures
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ULCOS 1 uLcos 1

Start Date 2004-05-01 2010

Project Cost 35280915 euro N/B

Contract Type Integrated Project N/B

End Date 2010-08-31 2050

Project Status Completed Going on

Project Funding 19996966 euro N/B

N/B: not available.
[\YJ] ULCOS ouss @L») 39y X Wa i J3..\>

ULCoS TGR-BF Hisarna ULCORED ULCOWIN
Characteristics Revamped BF Green field Revamped DRI or green field Natural gas Green field
Fuel Coal and sustainable biomass Coal and sustainable biomass Natural gas Electricity
Phase 15 t/h pilot tests demonstration under way 8 t/h pilot plant startup 1t/h pilot plant to be erected in 2013 Laboratory
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1- CO, Ultimate Reduction in Steelmaking Process by Innovative Technology for Cool Earth 50
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Goal Secure global climate change leadership

Strategy

1. Reduce greenhouse gas emission in the workplace

2. Reduce Social greenhouse gas emission
3. Climate change policy cooperation

Execution Plan

1.1 Carbon Management System operation

1.2 Adopt energy recovery & curb energy use

1.3 CO;, reduction innovative technology development

2.1 Renewable energy CDM project promotion

22 Indirect CO, reduction through spreading of high-function steel

3.1 11SI Sectoral Approach participation

3.2 Asia-Pacific Partnership Steel TF participation

3.3 Voluntary agreement for energy reduction ('04-08 target 1.04 million TOE)
3.4 TF of KISA for UNRCCC
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1- Clean Development Mechanism
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1- Marine Bio-Slag
2- Molten Oxide Electrlysis
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Programs Involving

Aim & Target Best result

AISI - technology AISI and the US
roadmap Department of Energy's (Doe), Office of
programme1 (US)  Industrial Technology

POSCO COz POSCO, RIST, POSLAB,
Breakthrough

Program designed to (1) increase energy efficiency, (2) increase (1) Suspension
competitiveness of North American steel industry, (3) improves the Hydrogen Reduction of
environment

Iron Oxide Concentrate;
(2) Molten Oxide
Electrolysis

Under framework contains six projects: (1) Pre-reduction & heat (1) COz absorption
recovery of hot sinter, (2) CO, absorption using ammonia solution, using ammonia

(3) Bio-slag utilization for the restoration of marine environments, solution,

Framework (Korea) POSTECH

(4) Hydrogen production using COG and wastes, (5) Iron ore

(2) Carbon lean ANEX

reduction using hydrogen-enriched syngas, and (6) Carbon-lean process
FINEX process.

COURSESO (Japan) Japanese Iron and Steel Federation (JISF), Japan  Development of innovative technologies for solving global

(1) Scenario-making for

environmental problems including R&D projects, public relations  global warming
activities and promotes industryfinstitute cooperation mitigation;

Ministry of Economy, Trade and Industry

ULCOS - Ultra-Low All major EU steel companies, energy and
Carbon dioxide
Steelmaking- 182 universities, European Commission
(EU)

Cooperative R&D initiative to research rapid CO, emissions
engineering partners, research institutes and reduction from steel production including process science,
engineering, economics and foresight studies in climate change, (2) ISARNA with CCS;

(2) CO, separation,
capture and storage;
(3) €O, fixation by
plants and its effective
use

(1) Top Gas Regycling
Blast Furnace with CCS;

(3) Advanced Direct
Reduction with CCS;
(4) Electrolysis

1- Rotary Hearth Furnace
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Radicalness of Technological Innovation
Incremental Radical

Inbound

Energy &
Material |n.process
Flow

Outbound
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Reference

Technology options [y

Energy-saving methods
+ Better housekeeping
+ Plant retrofitting
v Energy recovery

Process innovation v Product redesigns

« Process im provements

+ Energy efficiency programs

[156,157,152,158)

[151,159,152,160)

+ Breakthrough technologies (ultra-low-C0O: steelmaking technology)

Energy source substitution + Renewable energy sources [157,161]
+ Substitute of less carbon-intensive fuels

Material substitution + Product redesigns [157,159,151)
¥ System innovation
+ Raw material substitution

€O, emission capture & storage + CO, separation, capture & utilization [157,161)

SHPPES S Sl ) ¢ oo

R&D Demonstration Deployment Commercialization
Find out to The technology is demonstrated in practice Successful technical operation, but possibly in ~ The technology is cost competitive in any or
overcome Costs are high. Extemal (including govemment) need of support to overcome cost or non-cost  all markets, (diffusion) either on its own

technical barriers funding may be needed to finance part or all of barriers. With increasing deployment,
technology leaming will progressively decrease government intervention (eg. to value

and minimize the costs of demonstration.

COSts. costs
Commercial

outcomes are

highly

uncertain,

especially in

the early stages

terms, or where necessary, supported by

externalities, such as costs of pollution).
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- 20-20-20 Target
- 2050 Energy Roadmap

- EU Strategic Energy Technology Plan
- Basic Oxygen Furnace
- CO2 Breakthrough Program

A Ul A W N =

7- Ultra Low CO2 Steelmaking (EU)

8- American Iron and Steel Institute with Technology Roadmap Program

- EU Emission Trading System (EU-ETS)  9- CO2 breakthrough Framework (Korea)

10- CO2 Ultimate Reduction in Steelmaking Process by Innovative Technology for Cool Earth 2050
11- Carbon Catch and Sequestration
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Phase-2
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steel production
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l 5P2-New Smelting Reduction
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[ SP3-New NG route to steel

[ SPA-Hydrogen steel production
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based steel
production

o Pprocess for steel
production

l SPS-Electrolysis steel production

SP6-CO; capture & storage for
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l SP7-Biomass based steel
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Units PSA VPSA VPSA+ compression and cryo- Amines+compression PSA+cryogenic distillation Ref.
genic flash compression
Recycled gas (process gas) [64,65]
CO yield % 880 904 973 999 100
co % vol 714 682 689 678 695
C0; % vol 27 30 30 29 27
N2z % vol 135 157 156 151 154
Hz % vol 124 130 126 121 124
H:0 % vol 0 0 0 21 0
€O, rich gas captured |66]
co %vol(dry) 121 107 33 ] 0
0, %vol(dry) 797 872 963 100 100
Nz %vol(dry) 56 16 3 0 0
Hz %Zvol(dry) 25 6 1 ] 0
Suitable for transport and storage? No No Yes Yes Yes
Energy requirements for CCS 167]
process
Capture process KWh/ 100 105 160 55 195
o,
Compression for storage (110 bar) KWh/ - - 132 115 115
0,
Electricity consumption(CP+CS) KWh/ 100 105 292 170 310
o,
LP steam consumption GjeCo; 0 0 0 32 ]
Total energy consumption GjjtCO; 036 038 1.05 38 112
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Current EU TGR-BF Hlsarna  ULCORED
average BF  configuration
Production capacity  0.5-5.0 0.5-5.0 0.5-1.0 0.5-1.0
(Mt HM/yr.)
Environmental 100% 80% 95-85%
aspects (£17G)/
Energy tonne HM)
consumption
CO, emission (tonne/
tonne HM)
-with CCS: 1650 790 (—52%) 330 760 (?)
(—-80%) (—54%)
-without CCS: 1650 Not relevant 1320 1590-1420
(=20%) (—5%)
Economic aspects
CAPEX
-Greenfield 100% 105% 75% 200%-no
€GES
-Brownfield - 25% 65%
OPEX 100% 120% 90% 80-90%
(Incl. energy, excl. -no CCS
depreciation costs)
Notes: The proportions should be interpreted as relative scores, as the performance
of the reference average blast furnace is set at 100%. The other data are absolute
figures.
* HM =hot metal (or pig-iron).
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ULCOS TGR-BF Hlsarna ULCORED ULCOWIN
Characteristics Revamped BF Green field Revamped Green field
DRI or green
field Natural
gas
Fuel Coal and sustain- Coal and sus- Natural gas Electricity
able biomass tainable
biomass
Phase 1.5 t/h pilot tests 8 t/h pilot 1 t/h pilot Laboratory
demonstration plant startup plant to be
under way 2010 erected in
2013
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Source of estimates

Annual production (Mt/yr)

Comments

ULCOS-LEPII 2450/2550
RITE 2200
Tokyo university 1800
IEA Blue Maps (low/high) 2350/2700

POLES estimates
Markal model
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