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IEAGHG Activities on CCS for the
Iron & Steel Industry

* Reports
» Total Cost of the Study:
* 2013-04 - “Understanding the Economics of e o
Deploying CO2 Capture Technologies in an ~ £ 120,000
Integrated Steel Mill”
* 2013-TR3 - “Overview of the Current State SSAB
and Development CO2 Capture Technologies LKAB
in the Ironmaking Process”

* Stakeholders Engagement

* 1stWorkshop (Nov. 2011)
Dusseldorf, Germany
in collaboration with VDeH,
Swerea MEFOS

« 2" Workshop (Nov. 2013)
Tokyo, Japan
in collaboration with IETS, World Steel,
Swerea MEFOS



Presentation Overview

Brief Introduction
* Global Steel Industry
* Qverview to the Steel Production

Capture of CO2 from Blast Furnace Gas
* ULCOS Programme — Oxygen Blown BF with TGR
* COURSES50 Programme — Chemical Absorption & Physical Adsorption
* POSCO /RIST Programme — Chemical Absorption

Capture of CO2 from Alternative Ironmaking Process

* Direct Reduction Ironmaking
o MIDREX, ENERGIRON (HYL), ULCORED

* Smelting Reduction I[ronmaking
o COREX, FINEX, HISARNA

Summary / Concluding Remarks



World Crude Steel Production

(Data and Figure from World Steel)

Total Crude Steel Production has
reached 1.545 Billion Tonnes of crude
steel in 2012.

* As compared to 2002 (905.2 million
tonnes), crude steel production has
increased by ~70%.

Global CO2 Emissions from the steel
iIndustry is roughly at ~2.3-2.5Gt/y

Major Steel Producing Regions
* China (716.5 million tonnes)
* EU27 (168.6 million tonnes)
* N. America (121.6 million tonnes)
* CIS (111.0 million tonnes)
* Japan (107.2 million tonnes)
* India (77.6 million tonnes)



Overview of Steel Production

(Picture from VDEH)



World Crude Steel Production

Data estimated from WSA & VDEH statistics (2012)
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OVERVIEW OF STEEL

PRODUCTION VIA BF/BOF
ROUTE

NOTE:

» Presentation is derived from the results of IEAGHG Study (Report No. 2013-04)



Integrated Steelmaking

Process (BF/BOF) T T B

(
\\
° Raw Materials Preparation Plants I A U
* Coke Production ," \\
* Ore Agglomerating Plant (Sinter :' ‘}
Production) \ J
* Lime Production ‘~><:—-:></
* Ironmaking ’," TN
* Blast Furnace :’ [
* Hot Metal Desulphurisation \ /
° Steelmaking \><:—-:><"
* Basic Oxygen Steelmaking (Primary) ,," - \\\
* Secondary Steelmaking (Ladle Metallurgy) :’ ‘:
* Casting . \ / )
»  Continuous Casting e \\\\:\\__//,'/’—— T
* Finishing Mills \ \

-

* Hot Rolling Mills (Reheating & Rolling) ==~



Point Source Emissions

(Results of IEAGHG Study — An Example)

CO2 Emissions are released at various
stacks within the integrated steel mill.

Annusl
LT Source of CO, Emissions Emissions Emiss ion
kot HRC) (t)
100 |Cobeoven fusges 1137 763495
il Coke oven gas fare 330 13,196
200 | Sinier gant fue gas {002+ 00} 28946 1157 825
00 HotSowe fue gas 41519 1,660,769
4001300 | RCIGeal dnying, torpedo car and ladle heating {HW Desulphursation) diffue emssions 7% 3042
A0 | Bisst Furnace Gas fare 173 7833
S00EDD | Basc Ceoygen Frmace gas flared and systemiosses, SM diffuse Emesions M 204083
00 [Confinuous Casting - diffuse em=sions (fromsEb cuting) 0.80 3.188
L] Reheating Furnace fusgas W B0E3
300 (Hot Reling Mils - dfuse emssions {from cuting and scarfing) 004 13
1000 | LimePant fuegas Ti82 286493
1200 | Fower Aantflue gas 58213 3928513
1300 |Ancibres ransport fus emissions (frucks and rak) 4.00 16,000
Total Emiss ions 208414 B.376,504




Carbon Balance of Ironmaking Process

(Results of IEAGHG Study)

Direct CO2 Emissions of an Integrated Steel Mill (REFERENCE)

Producing 4 MTPY Hot Rolled Coil
2090 kg CO2/t HRC (2107 kg CO2/thm )

Carbon from Coke
& Limestone

314 kg C

Reheating & HRI
2.76%

Slab Casting
0.04%
Steelmaking
2.44%

Carbon Balance of Ironmaking Process

Carbon Input Carbon Output
(kg C/thm) (kg C/thm)

Coke 312.4 Hot Metal 47.0
Limestone 15 BF Scrgen 6.3
Undersize
PCI Coal 1322  Dust & Sludge 8.0 saron from
132 kg C
COG 1.3 BFG Export 266.4
Carbon in Hot
Metal to BOS Plant
BFG Flared 5.4
47kg C

Hot Stove’s Flue
Gas

80-90% of the carbon that caused to the CO2
emissions of the steel production.
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Composition of Off-Gases

(Results of IEAGHG Study — An Example)

Wet Basis Coke Oven Gas Blast Furnace Gas Basic Oxygen Furnace Gas
(%vol.) (COG) (BFG) AN (BOFG)
f&(y/;/)@’(\ ,)//}
CHa 23.2 s, 2o - NA - %, - NA-
N Q%
O/ EN [P b
Ha 60.1 %, N 36 \’%o@% 2.6
co 3.9 N 22.1 N 56.9
CO; 1.0 22.3 14.4
[\ P 5.8 48.3 13.8
0; 0.2 -NA- -NA-
H:0 3.2 3.2 12.2
Other HC 2.7 -NA- -NA-
3) -
ELEIR 175 3.2 7.5
wet basis
Hot Stoves, Coke Ovens, Lime
Users of the ) .
Kilns, Reheating Furnaces Hot Stoves, Power Plant Power Plant
Off-Gases
and others
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CAPTURE OF CO: FROM

BLAST FURNACE GAS (BFG)

Treated BFG

(Components) Units Composition

CO» %(v/v) —dry 17-25
co %(v/v) —dry 20-28
H: %(v/v) —dry 1-5
N2/ Ar %(v/v) —dry 45 -55 (balance)
H2S mg/Nm? 10-20
Particulate Matter mg/Nm? 1-10
Heavy Metals

Mn mg/Nm? 0.10-0.29

Pb mg/Nm?3 0.01-0.05

Zn mg/Nm? 0.03-0.17

NOTE:

Blast Furnace is a reduction process.

COz2 capture from BFG cannot be classified as post-combustion or oxy-combustion.
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The 4U|C‘)S pProcess routes

Coal & sustainable biomass

Natural gas

R

ArcelorMittal

Electricity

Revamped BF Greenfield Revamped DR Greenfield
ULCOS-BF Hlsarna ULCORED ULCOWIN
? ULCOLYSIS
Pilot tests (1.5 t/h) Pilot plant (8 t/h) start- | Pilot plant (1 t/h) to be Laboratory
Demonstration up 2010 erected in 20137
under way




Carbon Balance of Ironmaking Process
Results from IEAGHG Study — Case 3: OBF with MDEA/Pz CO:z Capture

Direct CO2 Emissions of an Integrated Steel Mill (with OBF & MDEA CO:2 Capture)

Producing 4 MTPY Hot Rolled Coil
1115 kg CO2/t HRC (1124 kg CO2/thm)

Nitrogen
Power Plant Steam Generation 5Nm3
Plant . Carbon Dioxide
18.94% 25.13% Raw Materials OBE T | > 867 kg
- Coke 253 kg op
Lime Plant . o,
6.41% Coke Plant Sinter 1096 kg (70%) Gas
11.22% Pellets 353 kg (22%) 1385 Nm3
Reheating & HRM Lump 125 kg (8%) Top Gas Cleaning CO2 Capture &
S8 Steelmaking Limestone 6 kg Compression Plant
4.58% .
) Sinter Plant Quartzite 3 kg
Iron Making 23.83%
Slab Casting 4.65% OBF Screen
0.07% . BF Dust OBF Process Gas

Undersize 15 kg Steam 938 Nm3

21ke BF Sludge 206

4kg
Carbon Balance of Ironmaking Process Air Natural Gas Flue Gas
332 Nm3 18 Nm3 352 Nm3

Carbon Input Carbon Output _T
(kg Clthm) (kg C/thm) OBF Process Gas
Coke 227.7 Hot Metal 47.0 Fired Heaters
—
Limestone 0.7 BF Screen Undersize 4.6
Oxygen » OBF-PG to
PCI Coal 132.2 Dust & Sludge 8.0 253 Nm3 Steel Works
Natural Gas 12.0 OBF PG Export 64.5 Sl,l,tr,:ggen 171 Nm3
Hot Metal
PG Heater Flue Gas 12.0 152 kg 1000 kg

14700C

CO2 Captured 236.3

372.4




UlC‘)S Blast Furnace (TGR BF)

Raw Top Gas ° CO2 Removal evaluated by
« CO: 46-49% . .
e ULCOS consists of:
Ha: 8-9% ° PSA, VPSA
Balance: N *  VPSA or PSA + Cryogenic Separation

*  Chemical Absorption

*  Concentration of CO2 depends on
capture technology used

CO2
removal

Recycled Top Gas

« CO: 73-75%

« COz: ~3%
H2: 14-15%
Balance: N2



ULCOS BF

(Experimental Results from Lulea’s EBF Work)

Data courtesy of Tata Steel
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COURSESO0 Programme






COURSES0 Programme

CO2 Capture Pilot Plants
CAT-1 & CAT-10 ASCOA

at Nippon Steel Kimitsu Works at JFE Steel Fukuyama Works

| avsorver | CAT-1
1 t/d CO2 for
solvent testing

Regenerator \

CAT-30 l
30 t/d COz2 for

process

improvement

evaluation

Pictures & Info from Osame et al (2011) — Nippon / JFE Steel



POSCO - RIST Programme









CAPTURE OF CO: FROM
ALTERNATIVE IRONMAKING
PROCESS

 Direct Reduction Ironmaking Process
« Smelting Reduction Ironmaking Process



Direct Reduction I[ronmaking

/0 Process Developments '

‘ From “Aachener Drehofen” to “Zam Zam” Process

¢

Only Midrex & Energiron (HYL) reached successful commercialisation

Domnarvet
Carbotherm W v Hrupp'
Hrupp Eisenschwamm

Redlron
DRC-Azcon
Hrupp
Pered Renn
e Kinglor-Metor Madaras

Wiberg-
Soederfors

Picture Courtesy of VDEH




MIDREX Plant w/o CO2 Removal
(Picture Courtesy of MIDREX)
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MIDREX Plant with
CO2 Removal



MIDREX PLANT with CO2 Removal

Reference Plant

(Picture Courtesy of Siemens VAI & Essar Steel)

NO standalone Midrex Plant that
removes COz2 from the DRI shaft
reactor’s off-gas.

However, ESSAR Steel employed
partial removal of CO2 using VPSA
at their Hazira Steelworks (India).

* Steelworks is hybrid plant where
COREX gas is used as fuel to the
reformer of the MIDREX plant.

* 2 Midrex modules (#5 & #6) equipped
with CO2 removal system
o VPSA off gas is mixed with NG as feedstock to
the reformer. This reduces NG consumption.

o VPSA tail gas with ~60% CO., ~20% CO,
~5%H: is used as heating fuel within the
steelworks
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ENERGIRON - HYL Technology

______
\\\\\

S ’
_________
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ENERGIRON WITH CO2 CAPTURE
REFERENCE PLANTS

°* CO2remova
competition
MDEA) vs P

system used by Energiron / HYL is a
petween Chemical Absorption (i.e.

nysical Adsorption (VPSA / PSA)

* List of Reference Plants with CO2 Capture

* Mexico

o AM Lazaro Cardenas (2 modules) — food grade CO2 — 2007/2009
o Ternium 4M, 2P (2 modules) — food grade CO2

* India

o Welspun Maxsteel (1 modules — food grade CO2 - 2009

* Abu Dhabi

o Emirate Steel (2 modules) — EOR grade CO:2 — under construction

29






e — S _an..,

q Smelting Reduction Ironmaking

45 Process Developments

q From “AlSI Direct Steelmaking” to “VOEST” Process
Only COREX & FINEX reaching commercialisation

Stuerzelberg

Tecnored

Picture Courtesy of VDEH

@w Plasmasmelt @ @
@ e Republic Steel

@ @ Redsmelt
@




COREX Process

CO: 42 - 47%
CO2:  29-32%

Ha2: 19-22%
CHa: 1-3%
Balance: N2
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COREX with CO2 Removal
Commercially Operated Plant based on VPSA or PSA

° No standalone COREX plant that removes CO2 from their export gas.

* However, 2 Plants with COREX gas used as feedstock to Midrex do

remove the CO:a.
* Saldanha Steelworks, S. Africa (1 module commissioned in 2000)
* JSW Vijayanagar Steelworks, India (2 modules , commissioned in 2013)
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FINEX Process



FINEX Process



Future of FINEX with CCS



HISARNA (ULCOS Programme)






Concluding Remarks

(Figures adapted from VDEH)

* So many ways to produce steel...

°* What is the right way to reduce CO2 emissions depends on so many factors...
* Raw materials (coke, iron ore, scrap,...)
* Energy availability
* Cost (Economics)

* It has been recognised that CCS will play an important role in reducing GHG emissions. To
successfully deploy CCS, issues regarding MARKET COMPETITIVENESS should be addressed

Blast furnace

Rotary hearth

The S-Line-Model

Technology performance

Steel
Production

, DR processes in combination with EAF
with CCS

Formation Growth Maturation Seniority 39






Thank You

Stanley Santos
IEA Greenhouse Gas R&D Programme
stanley.santos@ieaghg.org




