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CHINESE STEEL INDUSTRY
DEPLOYMENT OF CCS... )

WHAT ARE THE CHALLENGES??’.;



= A
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Except for Tibet and Hainan Island, all 31 provinces
and administrative regions have ironmaking facilities
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World Crude Steel Production

(Data and Figure from World Steel)

° Total Crude Steel Production =
has reached 1.49 Billion Tonnes
of crude steel in 2011.

* As compared to 2001 crude steel
production has increased by ~80%

Africa 1.0% Central and South America 33%
%

fro m 85 1 m | I I | O n to n n eS | 000 Middle East 1.5% Australia and New Zealand 0.5

* Major Steel Producing Regions
* China (683.3 million tonnes)
* EU27 (177.4 million tonnes)
°* NAFTA (118.9 million tonnes)
* CIS (112.4 million tonnes)
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 Japan (107.6 million tonnes) Eﬁ é:

2000-05 G2

* |India (722 million tonneS) 2005-10 by

2010-1 G2




P

Top 10 Steel Producers in the World

K

(Data from World Steel Association) N J

clobal Steel Production 851,073,000 1,490,060,000

Top 10 Producers Arcelor (now w/ AM) 43.1 ArcelorMittal (AM) 97.2

(in-million tonnes) POSCO 27.8 Hebei Group 44.4
Nippon Steel 26.2 Baosteel Group 43.3
Ispat Int’l (now w/AM) 19.2 POSCO 39.1
Shanghai Baosteel 19.1 Wuhan Group 37.7
Corus (now w/ Tata) 18.1 Nippon Steel 334
ThyssenKrupp 16.2 Shagang Group 31.9 ,J
Riva 15.0 Shougang Group 30.0 ‘
NKK (now w/ JFE) 14.8 JFE 29.9
Kawasaki (how w/JFE) 13.3 Ansteel Group
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Svnthesis Report:

Assessing the Potential of
Implementing CO, Capture in an
Integrated Steel Mill
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An integrated steel mill is composed by numerous facilities
From iron ore to steel products

2 coking plant batts
/4 Blast furnaces

Coal __________

sinter plant -N——-ﬁ—

ores
0 o

hot metal
5 BOFm

! 7 scrap + additives 2 continuous annealing
NS

crude steel EB

L7 3 casting line + hot strip rolling 3 cold strip rolling skin pass rolling
ee or continuous casting line

3 pickling = batch annealing
ey ||| ] (e B9800 HEE § o
S=oo) g,
3 hot strip | — :
: finishing shop ° €°2tiNg line \ et Z @] - cold rolling
1 heavy plate mlng S%P (0 | oo ®4 S finishing shop
Ciro [ | “ hot-dip coating
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Workshop CCS IEAGHG / VDEh

8. - 9. November A
Prof. Dr. Gunnar Still \ M
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45 The Pioneer and Leader: Baosteel Arcelorital

Baosteel: Ironmaking Facilities

Baosteel: No. 1 Blast Furnace KPIs

* 1 raw materials yard with an annual handling Productivify | PCL | Cokerate | Fuelrate
1BF t/d.m? kg/tHM |  kg/tHM Kkg/tHM

capacity of 0.14 billion tons of materials. 1998 2121|1402  3487| 4983

* 3sinter machines with a 495 m? grate area each. D9 2263 79 2651 3030
' o o 2000 2.200 | 2283 269.0|  497.3

Annual sinter production is 17.7 million tons. oot a8t 23ail 2618 4968

* 12 coke batteries with 50 ovens each. Annual coke 2002 2293 2339 2622|4961
. . Plls 2003 2.221 209.3 286.1 495.4
production is 5.35 million tons. Y T R rY BT

* 4 BFs with an inner volume 4,000 - 5,000 m°. 00|  2181) 2025 2056) 4983
2006 2.213 204.1 288.5 492.5

Annual hot metal production is 15 million tons.

* 2 Corex-3000. Annual hot metal production for

No. 1 Corex is 1.1 million tons. wssenkrupp Steel Europe




First Challenge...

* There are no steel mill in this world which
are alike...

* Steel are produced with different processes

* Steel are produced with different type of finished
or semi-finished products

» Steel are produced with different grades

-



ThyssenKrupp Steel Europe — Main CO,-Emitters
(schematically)
up to 20 mio t CO,, p.a.

CO2-emissions
Absolut Part /t-CO2
CO2-source

% Carbon Input

6 Power Plants

0,1%

2 Coke Plant Batt 4 Blast Furnaces

— I N G
l injection J
ﬁ @ external
@ Gas Carbon in

liquid phase

3 Hot Rolling,

3 Cold Rolling,

2 BOF Shops div. Annealing

9% etc. 1%

<0-1%

Workshop CCS IEAGHG / VDEh =

8. - 9. November

Prof. Dr. Gunnar Still “

10 ThyssenKrupp Steel Europe y




2nd and 3rd Challenges...

°* There are no steel mill which are alike...

°* Emissions from the Integrated Steel Mills
comes from multiple sources.

°* The source of CO2 may not be the emitter

of the CO..
* Strongly dependent on how you define Boundary

Limit
* In addition to the direct use of fossil fuels, the
emissions is also strongly dependent on the

management of the use of By-Product Gases’ :
‘ B 4 .




4th Challenge...

BF Technology is already near the

Theoretical Limit of Efficiency

Ore Beneficiation

100

©
o

(-]
o
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|
N related to crude steel 16,0% |
I 214%
P s

Index of specific CO, emissions in %

related to hot rolled steel, seamless tubes
and forging products

60||||

95 2000 05 2010 2015

1200+ Input of overseas rich ores -
2 Blast temperature > 1200 °C ol
8 Oz-enngl_hment

op pressure
% 1000- Burden distribution
(@) Glas flow control 1990
£ Improvement of Fe burden
Ss 800+ Improvement of coke
oT Small coke in
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—
2 600- l Coal |
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?
S 2001 Coke (dry) Qil + others 348.1
° |
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From 1991 on including new countries

Year

(Source: VDEh Blast Furnace Committee)

B 4

Source: 10th CO, monitoring report of
the steel industry in Germany

1 496.7
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Baosteel: Ironmaking Facilities

Baosteel: No. 1 Blast Furnace KPIs

* 1 raw materials yard with an annual handling Productivity | PCI | Cokerate | Fuel rate
1BF t/d.m* kg/tHM kg/tHM kg/tHM
capacity of 0.14 billion tons of materials. 1998 2121|1402  3487| 4983
* 3sinter machines with a 495 m? grate area each. 1999 2263 2379] 2651 5030
, , , . 2000 2.290 228.3 269.0 497.3
Annual sinter production is 17.7 million tons. 00l 2281|2341 2608|4968
* 12 coke batteries with 50 ovens each. Annual coke | 2002 2293] 2339 2622 4961
. . e 2003 2.221 209.3 286.1 495.4
production is 5.35 million tons. T o T ool e
* 4 BFs with an inner volume 4,000 - 5,000 m°. 2005 TS TS 795 98,3 |
Annual hot metal production is 15 million tons. Q e
* 2 Corex-3000. Annual hot metal production for _» '

No. 1 Corexis 1.1 million tons.



22 Sites with > 2 MT CO2 Emissions (2008)
(Data from C. Beauman — EBRD)

Hot
metal,
AM Bremen mi"ion t
JU— | @ Duisburg (Germany) 15.3
Lucchini Piombino ) - @ Taranto (Italy) 8.3
- : | @ lJmuiden (The Netherlands) 6.1
A . o O Dunkerque (France) 5.7
Salzgitter Glocke b . ) e Linz (Austria) 4.4
RautLiLl : | © Dillingen (Germany) 44
AM Gent : , . / @ Salzgitter (Germany) 4.0
VoestAlpine Linz (inc. coke ovens) b ~ ;’ - e Gijon (Spam) 39
AM Espana y ‘ = © Gent (Belglum) 3.7
Dillinger . 3 Pt (@ Scunthorpe (Great Britain) 3.6
Teeside (now SSI) ) & ' { m Port Talbot (Great Britain) 35
o : , = A ¢ | @ FossurMer (France) 32
N ' "< ® Redcar (Great Britain) 3.0
AM Fos
AM Poland (inc. coke ovens)
Tata Scunthorpe

Tata Port Talbot

AM Galati

USSteel Kosice

Riva Taranto

AM Dunquerque

TKS Duisberg/HKM Duisenberg

mt CO2(TOTAL:138.3)

* 5t Challenge...

Amount of CO2 captured per site could be far greater than M we
Ma single site of coal fired power plant. > ‘14
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45 Jingtang Steel: The New Kid on the Block aceomita

Largest dry-dedusting
equipment in the world

y

On February 21, 2012, Shougang Jingtang Steel achieved a
record for daily hot metal production (total 26,900 metric

tons). ~9.9 MTPY Hot Metal

.

Design Features of 2 x 5,500 m3 BFs

Pioneer in Top Fired Hot
Stoves reaching 1315°C

Shagang:
Record Production with the World’s Largest

Parameter Factor Parameler Factor (5 ,800 m3) BF...and Still Growing
Effective inner volume 5,500’ ||Blast temperature 1300% i
ik | }J‘ Design Features Design] Maximum
Productrvity 2.36wid || Number of tuyeres {2 Inner volume, m® 5,800
Annual production capacity §.98MMt || Top pressure 0.28 MPa Daily production, thm/d 12,876 14,500
- - - — - 3
Coke rate 200 kg/t || Oxygen enrichment ratio 3.5%. Pmd”c“"fy' thm/m’/d 2.2 2.50
. - . - Wind, Nm™/min 8,300 9,500
(oal injection rate M0 kgt || Overall smelting rate 1.035 thn’ld ) /
- = = . 5 Blower discharge P, KPa 520 550
Fugl rate 490 ke/t || Clean gas dust concentration 5 mg/ Top pressure, KPa 250-280 300
Sintered and/or pelletized charge in burden | 90% || TRT power gensration 45 kWit Hot blast temperature, C 1,250 1310
) ; . Coke rate, kg/thm <290
L . : 0, . AN DI . ; oop/ :
Overall .FB content of the charge 61% | Tnonmaking leess enlelg}lmnsumpuon 404 kgeeli oL ke/thm 500 0
Slag ratio 250kg't || One generation campaign life 25 years Slag rate, kg/thm <300
Number of tapholes 4 Fe% in ores >59
Metallic burdens 77%Sinter + 18%PE + 5%0re
- Campaign life, years >20
Stove lifespan, years 30

In September 2011, their 5,800 m? blast furnace achieved a
daily record for hot metal production of 14,500 metric tons. ‘

Company target is 15,000 tons of hot metal per day. 15



Industry Application of CCS
(to date)

=3

Sleipner Weyburn In-Salah Snohvit

1Mtly CO2  2.5Mtly CO2 1.2 Mtly CO2 0.7Mtly CO2  3Mtly CO2 <
>
N
W ?
O @)
- 160km sub 0« o\qf".‘o
350km overland sea pipeline

pipeline



Essential to CCS Deployment é:f

* Accounting of CO2 Emissions that could be
comparable is an Essential Activity for Deployment
of CO2 Capture Technology In the Iron and Steel
Sector.

° Accounting of CO2 Emissions should be based on a
globally consistent methodology that will allow
production normalised CO2 emission comparable
between regions that are not possible today.

° This should result to a better benchmarking — &J
therefore providing a meaningful number for CO2 /“
Avoidance Cost.

. |
e - » .




IEA Greenhouse Gas Study — Brief Overview and Key Results

UNDERSTANDING THE COST OF
INCORPORATING CO2 CAPTURE IN AN
INTEGRATED STEEL MILL

.
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Objectives of the Study é‘-f

° To specify a “REFERENCE?” steel mill typical to Western
European configuration and evaluate the techno-
economic performance of the integrated steel mill with
and without CO:2 capture.

° To determine the techno-economic performance, COz2
emissions and avoidance cost of the following cases:
* An integrated steel mill typical to Western Europe as the base case.

* An end of pipe COz2 capture using conventional MEA at two different J
levels of CO2 capture rate

* An Oxygen Blast Furnace (OBF) and using MDEA for CO2 capture. ‘

e




Cost of Steel Production -
Breakdown

Break Even Price *

Capital Cost  [NNNNNSENNNNN % of the Ca
/ elated to
Fuel & Reductant / o sus Raw Materia erg
and Red a
Iron Ore (Fines, Lumps & Pellets) / s
Purchased Scrap & FerroAlloys ( B N

Fluxes \
Other Raw Mat'l & Consummables \

Labour

Maintenance & Other O&M

$0.0 $100.0 $200.0 $300.0 $400.0

Breakeven Price of HRC & Breakdown ($/t)




Oxy-Blast Furnace Operation

(Picture of OBF courtesy of Tata Steel)

Nitrogen

5Nm3 l b ioxid
Raw Materials > %27rkg°“ Dioxide
Coke 253 kg OBF Top

Sinter 1096 kg (70%) Gas

Pellets 353 kg (22%) 1385 Nm3

CO2 Capture &
Compression Plant

Lump 125 kg (8%)
Limestone 6 kg

Top Gas Cleaning |

Quartzite 3 kg
OBF Screen <+ BF Dust OBF Process Gas
Undersize 15kg Steam 938 Nm3
4kg
Air Natural Gas Flue Gas
332 Nm3 18 Nm3 352 Nm3
>
63 N3 OBF Process Gas
4 Fired Heaters
Oxygen » OBF-PG to
253 Nm3
Steel Works
Nitrogen BF Slag 171 Nm3
Hot Metal ‘ ¢

1000 kg

14700C ‘ < ‘ 22



Impact of the OBF/MDEA CO:2 Capture Plant
to the Breakeven Cost of HRC Production

(Very Specific to this Study & Cost Does Not include Transport & Storage)

Breakevan Cost of HRC Production for OBF @ $630/t
(An Increase of $55/t as compared to the REFERENCE Plant)

° Capital Cost Increased by 18.8%
Fuel and Reductant Cost Increased by 17.3%

* Coking Coal Cost — decreased by ~24%
* Natural Gas Cost — increased by ~495%

° Iron Burden Cost iIncreased by 1.0%
* Iron Ore (Fines, Lumps and Pellets), Purchased Scrap & Ferroalloys

* Fluxes Cost decreased by 9.4%
* Significant reduction of limestone and quartzite consumption

* Other Consumable Cost Increased by 15.7%

* Increased in cost of raw water consumption
* Additional cost due to Chemicals & Consumables used by SGP.
* Additional cost due to MDEA/Pz Solvent Make Up A

* Labour Cost increased by 1.4% 4« ‘

Mw and Other OPEX Increased R,y 10.4% ‘ ’s




Summary of Results

(Sensitivity to Coke Price)

$80.00

$70.00

$60.00 G\ + $92/t Coke ~©- OBF/MDEA Case

N == EOP-L1 Case
$50.00 /
$40.00

OBF Base Case

CO2 Avoidance \
$30.00 Cost = ~$56.4/t
\_ J

CO2 Avoidance Cost (USS/t)

O
$20.00
It should be noted that Steel Mill used a significant variety of coking
coal depending on market price (low to high quality coking coal)
$10.00
COKE is atradable commodity
S_ T T T |

0.5P 1P 1.5P 2P 2.5P :
. Price of Coking Coal P } .




OVERVIEW OF SOME OF THE MAJOR CCS
R&D PROJECTS WORLDWIDE

.
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- ArcelorMittal
The 4U|C JS process routes

Coal & sustainable biomass Natural gas Electricity
Revamped BF Greenfield Revamped DR Greenfield
ULCOS-BF Hisarna ULCORED ULCOWIN
E ULCOLYSIS
Pilot tests (1.5 t/h) Pilot plant (8 t/h) Pilot plant (1 t/h) to Laboratory
Demonstration start-up 2010 be erected in 2013?
under way
Challenges & Opportunities of CCS in the Iron & Steel Industry, IEA-GHG, Disseldorf, 8-9 November 26

2011
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ArcelorMittal
The Ulcos Blast Furnace Concepts
Coke Top gas
)\ (CO, CO2, H2, N2)
Gas _ Gas net
1‘; cleaning v (N2 purge)
CO,
scrubber —» COZ 400 Nm3/t
CO, H2, N2 l
V4 V3 V1

Re-injection

Oxygen —»
PCI -

Expected C-savings

Challenges & Opportunities of CCS in the Iron & Steel Industry, IEA-GHG, Disseldorf, 8-9 November
2011

N



COURSE 50

“

........

Project Outline

(1) Technologies to reduce CO, emissions from blast furnace (2) Technologies for CO, capture
Ve o, . g
e TS EEEEEEEEEEEE= [} . -1 H
e ) Y o, Reduction of coke [|®  -Chemical absorption u
e JCTTTTETPPEPPIEPPREPN SRERPPEPIREPPON . = «Physical ad ti [ |
i I : i : s i ysical adsorption
[ i on ore Lo Coke production technologyi Coke \ CO u
g ottt $ oo Hpamplification  ¢or BE hydrogen reduction ] By [ ]
. 5 i i - ik
] [} H = : H ° b |
Lo i ¥ I i CO, storage
] P 1§ - :
' Shaft furnace: : ! technol
P ¢ o . eEc no ogly
' ?'K-- | - Regeneration -
= Tower : m
T CRE |- Hi . cild n Reboiler :
R B i High strength & high reactiyity co : i u
s :f u :: H, e ., - [}
ol B 3 0
Iron ore i Absorption u
1 pre-reduction; co ; i - Tower -
: technology; Coke_substitution " Reaction control technolo -
i Other project reducing agent production technology {i for BF hydrogen reductiop ~ COZ2 capture u
\ s mmmmmmmmm e £ e mumateesseereeeeeeaseesianensnssssssmssssSSSSssssteseseeesessssnsssssssssssnnst TAREEESALLLLLLeLLLotieseeeann s nnnas “) # technology i [
............ TV PO Mt [ ]
s S_g_r]_:?,]_t_)_l_(_a_:r_l_ggt___r_glc__;_c,_)__\,_/_gr:y_f_t_c_)_m___s__!_'q\g (exaﬂple)‘ Waste heat recovery boiler " A NN NN RNl BN RBEEERE R
: Hot air = = o) : 1 steam
Slag Cold air — I
E@ Kalina Electricity
i ’, cycle .
Power generation | Hot metal
............................... 2. Technology for utilization of unused waste heat . -

COURSES50 ~ CO, Ultimate Reduction in Steelmaking Process by Innovative Technology for
Cool Earth 50

P 28



COURSE 50

Development of the chemical absorption process

Test Equipment: \,:;fp ) A

Process Evaluation Plant (30t/D) o9 AGR SR B
I Off gas Ry 5 = W, A D e

‘ T N Nippon Steel Kimitsu Works No. 4BF

1 CO2

Bench Plant (1t/D)

Absorber

Regenerator

Rebolier

Absorber

l‘

aAnv

NNNNNN

.-
.
-
;S



ldeas/Projects for CO, Reduction

Hot Millingcold Milling Power
4% 3% l ------------------------------- (1) Plant
Stee'_ |r0n_making: llmlmlmvEFlllllllI,1lllllllllllr

making 18 ___melting/reduction (w::n/w:::
s e RESEArCh Scopt

>
- e
iF
gt

s

CO,Emissions

u.enerator Concentrator
I—III—I-III— L = K LE R o B

1
hEES-EE-EEEEE-ESEE

5

@

Coal Cokes

Iron Ore

Sinter Process (2)

. Research Activities of CO,, Project in RIST
(1) CO, Capture from BFG stream using agueous ammonia

(2) Waste heat recovery from molten slag and hot sinter
(3) CO, utilization

A Center of Expertise |
30 World Top Class

RIST 23} TSy [


http://en.wikipedia.org/wiki/Image:Dimethyl-carbonate-3D-balls.png

2"d Stage pilot plant

J Operation of 2"d stage pilot plant (May. 2011~)
¢ Development of CO, capture process for commercialization using agueous ammonia in iron & steelmaking Ir

e Utilizing the waste heats at low and mid-temperature waste heat as regeneration energy
¢ Ultimate goal: CO, removal > 90%, CO, purity > 95%, energy requirement < 2.0 GJ/ton-CO,

¢ absorber 1 . Dimensions
! : Absorber
_ ._ -D1.4m, H 27m
ZRE | %g . Stripper
- \,:; -D 0.9m, H 20.6m
im : Concentrator
&S -D0.5m, H 11.7m
o \&, 33m N
i"‘ ) Capacities
A‘é‘::. : 1000 Nm3-BFG/hr
/] as 0.5 MW

(CO, conc: 20~25%

A Center of LExpertise

RIST oL BodoToy Clag

—_



Concluding Remarks... é:f

CCS s an important technology for the steel industry to
achieve deep CO2 reduction.

We have recognised the different challenges to CCS
deployment in the steel industry.

Demonstration is required to validate and gain the
confidence in CCS for iron and steel production.
* It would take time to fully demonstrate its technical viability.

Addressing storage requirement is an important aspect
In the deployment of CCS in steel industry

We are only starting to understand the economics of
CCS deployment in the steel industry... y .

* Study done by IEAGHG - providing detailed information on the A<
techno-economics of incorporating COz2 capture in an integratgg«

. steel mill is just touching the surface.
‘ . 32



Challenges and Important Considerations in the
Deployment of CCS in Chinese Steel Industry

Output of the top 10 steel groups as a percentage

° Chinese integrated steel mills are one of of total output —
the most of efficient globally. .
°* Upcoming consolidation of the industry == e e o
should be expected... -
* More M&A of state enterprise. 20% |
* Elimination of inefficient and small steel mills Z I EHEEEEMNDE
* Relocation to coastal region has started...

* This should represents 40% of steel production = L2 s s

n China by 2015

* Cost reduction in logistics and redistribution of « Stcel dosgnad for igh-apeed ribeeye

« High-grade non-oriented silicon stesl (used in high-

environmental burdens are the main drivers...  oveveiopmentofkey  end squpment such s slsctric motors

categories + High magnestic induction grain-oriented silicon steel

* What are the targets for CO2 emissions g stengh memason
redUCtiOn Y Key technology + Non-blast furnacs tschnology
) ) o ] development s Clean stesl production l
* Promoting various efficiency improvement .
o Carbon reduction « Development of energy management systems
measures - IS d Deflnlte YeS e technology : gii?e?{ngtﬁtzze;;s desulfurization

* How about CCS(?77?)

« Davslop a rasource bass for key suppliss (8.g. —iron

org) '

Access to raw materials

Source:  China's 12th Five-Yaar Plan, Chapter 8



Cash-costs slab, BOF-route, 2010/11 (% costs / t)
Data from TKS Presentation at 1st IEAGHG Iron and Steel CCS Workshop

Calculation:

1,40 US-Dollar is 1,00 Euro
1) Western Europe

2) Exporting Producer

100
S
o
00“‘?6
&
e““&
WEY Japan China® India &6‘5 Profit Margin of All State Enterprise
on Data from Chinese Iron and Steel Association
e 4.50
“\“ § 4.00
& g’
0“ 5 350
“ooy E 3.00
<:s:ﬁ5 :g 2.50
cj*; _§ 2.00
oe?» g 1.50
“o E 1.00
‘% 0.50
< 0.00
RN Q’bc\ Q;\é\ Q & & \\}* & Qe} 60‘2} ,OQ}
@@’ &( N U ¥ ‘OQQ& e @‘a&

Year 2011



CCS Challenges - Capacity Under Utilisation
(Data from Worldsteel Association, OECD)

2300

90%

85.4%
84.2% 843%
85%
81.2%
2100 3 27.5%
80% 76.4%

\ 4% 76.1%

74.3%
75% 1990
1900 70% 1y 1916

65%

2070

495 Mt

1700
2002 2004 2006 2008 2010

1500
1460
/ ﬂ
1300 {/
1100
./If069
970

900

2012F

== Global Steel Production Capacity (Million Tonnes)

== Actual Steel Production (Million Tonnes)

700 T T T T T T T T T 1
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012F

China has an overcapacity of near ‘

‘ 200 million tonnes in 20

35
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