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Largest steel producers in 2016 A
(in mt crude steel) ArcelorMittal
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ArcelorMittal’s industrial P
and commercial network
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. European history of steelmaking

Others are still at the very beginning of this history
What can Europe afford ?

ArcelorMittal zero emission concept

a) Gas separation

b) CO re-use by chemical industry

c) CO,-H,-chemistry : new technologies

d) CO, sale

e) CO, storage
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The challenge of the steel industry =

C-footprint reduction

A

ArcelorMittal

Conventional steel making = blast furnaces (BF) Electrical steel making = electric arc furnaces (EAF
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1,6 billion tons of steel in 2014

30% of industrial CO,-emissions.
6,7% of anthropogenic CO,-emissions

They are amongst the highest of
iIndustries....

— UHP operation / High Voltage, Long Arc Operation

—— Water-Cooling Panel

— Oxygen Lancing Practice

— SPH [ Basket Scrap Preheating

— Slag Foaming / Carbon Oxygen Injection
—Ladle Furnace Refining
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Figure 1. Global emissions from the seven most CO,-intense industrial sectors in the IEA
Energy Technology Perspectives (ETP) analysis
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C-footprint reduction : the main emittors AN
: ArcelorMittal
are not located in Europe !!! N
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How much can Europe afford ??? A\
’ | | ArcelorMittal
dChemicals =
[ Glass € > o
[ Paper < . il t CO2/t of crude steel 'E
B /A= -
[  (ERURE, SN Mem—-
Cement : ﬂt_
X 1 107 (EU Bench 1,3)
CITL data 201p/2013 — StEEl H Rersonalinvgstigation Ollj _
400 300 200 100 0 0 100 200 300 400 500 ST f:;[:"a“\';:::)d';;;;;g
CO2 emissions (Mt/y) Ebit/tCO2 (€)
Carbon is a reactant agent for steel production, not an
energy source ! EU 27 fiaures
2C+0,>CO+FeO->Fe+CO, CO,+C->2CO J
You can not lower the CO,, emission from the steel EU benchmark is
Industry by installing one more windmill... 30% below the
ETS is made for power generation, not for chemical technical limits

Processes. 6




The Zero Emission Plant concept of ArcelorMittal.ex

Principles : ArcelorMittal
*CO, is not a waste, but a raw material
Value can be created with that. e.g. German FONA-program =

25,6 Mt/ly CO,-re-use on 912 Mtly

*CCU is the way to go, to create value and employment.
CCU will change the game and will lead to social acceptance of CCS, and
will allow us to pay for it.

*Technologies must be easily integratable in the existing equipment,
preferrably be modular, and must be robust not to impact the furnaces.
Experienced industrial partners are invited to work with us.

*Synergies with the steel making must be exploited (recovery of valuable
byproducts of CCU, use of waste heat of steel making)

*CCS is not our responsability, the authorities  Coarbon Eilunas

have to explore and operate this technology. >
: : recent Risk Management position paper (DNV, 2011) states that using a variety of carbon
TOO m any un kn OWS Stl I | eXISt utilisation technologies can potentially reduce annual CO, emissions by 3.7 Gt. This
. . . equates to approximately 10% of current annual CO; emissions. A 10% replacement of
in this domain. building materials by CO, captured in stable minerals would reduce CO, emissions by 1.6 Gt

08/04/2017 Confidential  ccs is the only option to decarbonise many industrial sectors. CCS is currently the only large-scale
mitigation option available to cut the emissions intensity of production by over 50% in these sectors.




| The steel m|II of the futu

re ....

Steel mill gases contain
CO/CO,/H,/

— BF Gas : 60%

N,

ArcelorMittal

will still produce gasses &

dry gas
parameter unit average stdev
H, hydrogen mol% 3,80 0,52
N, nitrogen mol% 48,46 1,59
Ar (+0y) argon (+ oxygen) mol% 0,62 0,03
co carbonmonoxide mol% 24,43 0,69
CO, carbondioxide mol% 22,50 0,80
som mol% 99,81 0,45
BO I: G . componeni{ Y%ovol % mol % maol
N aS - dry dry wet
100/ H2 3,34 3,34 2.93
0 co 56,42 56,34 49 43
N2 18,83 18,80 16,50
CcOo2 20,76 20,87 18,31
Ar 0,63 0,63 0,55
02 0,02 0.02 0,02
H20 0,00 0.00 12 27
. sum 100,000 | 100,000 | 100,000
CO Gas : 30% - - 000 s
parameter uniteenheid average stdev
—_— H hydrogen mol% 62,99 0,70
|\ nitrogen mol% 6,07 0,74
Ar (+Oy) argon (+ oxygen) mol% 0,22 0,02
Cco carbonmonoxide mol% 4,25 0,10
CO; carbondioxide mol% 1,23 0,09
CHs methane mol% 22,49 0,37
CoHq ethene mol% 1,55 0,06
CoHs ethane mol% 0,73 0,04
P Owe r p I ant " 5 O% CaHs propene mol% 0,13 0,01
- CsHs propane mol% 0,05 0,01
som mol% 99,71 0,39




The steel

mill of the future ... principal flow sheet PN
ArcelorMittal
- (eSale
=> CO |*Conversion to low
value product (high
Steel mill gases contain volumes)
CO/CO,/H,/IN, - *Conversion to high
) CO; |value product (low
volumes)
Gas_ — *Re-use in the
‘ 02 . is a valuable byproduct
|:> H2 . valuable gas agent to
Steel mill available waste combine with carbon gases
heat =500 MW \‘ N, : sale

A typical size for a standard mill =5 — 6 Mt/y capacity
CO, —emission = 9 — 11 Mtly
50 Vol % is in the gas as CO
50 Vol% is in the gas as CO,
=> targeted CO,-reduction > 30%




The steel mill of the future .... will provide the R\

o Steel mil smgle gas components , .,
S | gases

g CO/C02/H2/N2

rMittal

DMEA
Solvents

High need of low
cost steam PSA Plant for C0,-removal, Vereeniging, South

(V)PSA

Less pure CO, /N,
/ICO

High need of
compression energy g

MEMBRANE

Unpure CO, /N,,/CO

Lower need of energy




The steel mill of the future .... will sell CO PN
T il ArcelorMittal

R s
Sale to chemical industry

Valorlsatlon Of Conversion into valuable
steel mill CO hydrocaroons &

H,- sources =
*Coke Oven gas
*H, surplus from chemical — I:>
partner
*Electrolysis




dry gas
parameter unit average stdev
H, hydrogen mol% 62,99 0,70
N, nitrogen mol% 6,07 0,74
Ar (+O2) argon (+ oxygen) mol% 0,22 0,02 QCO 2 /H 2S
CO carbonmonoxide mol% 4,25 0,10
CO, carbondioxide mol% 1,23 0,09
CH, methane mol% 22,49 0,37
CoHq ethene mol% 1,55 0,06
CoHs ethane mol% 073 0,04 Coz/ H ZS_G as
CsHs propene mol% 0,13 0,01
CiHs propane mol% 0,05 0,01
mv | e | o Steam for CO, stripping
3
Qgcrgas 312.942Nm /h
Qeoc %CO =17 %
CO gas %CH, = 10%

%H, = 37 %
%N, = 34 %

CO, scrubbing
H,S scrubbing

SCF reactor tail gas |

Qg BF gas

, y ges Synthetic Cracker Feed
parameter unit average stdev
Ha hydrogen mol% 3,80 0,52
N2 nitrogen mol% 48,46 1,59
Ar (+Oy) argon (+ oxygen) mol% 0,62 0,03
co carbonmonoxide mol% 24,43 0,69
CO, carbondioxide mol% 22,50 0,80

SCF production = 100 kT/y
H, import gas aq, CO, avoided = 300 kT/y
CO, captured = 700 kT/y

Mass & Energy Overview




The steel mill of the future .... will sell CO

Food and/or land use issues

c NO
cO  250val% = Reduction food or
caoz 26.4 vol% @ Rcducmn
H2 5.5 val% o land use
N2 431 vol% ‘:__'| §2% issues
E Reduction ‘
| : 78%
Gas Feed Stream ! = Reduction 6% a7%"
5 Reduction p o quction
:... Comn Ethanol Sugarcane Cellulosic  Steslanol
St 3 qu'u“ E"-" n Natural Biomass Biomass Biomass
By Gas Reception  Compression Fermentation Recovery Product e
b= Source; Life cycle Energy and Greenhouse Gas Emssion Impacls
= co SSDV\Jl:"n Cleaning Tank of Diffarent Corn Ethancl Plant Types (2007) JS
—— EQOQ ‘?é\‘ﬂ:{; Enrichment q and DOE Bioenergy Technologes Office
= Ovol?

N2 24 3 vol%

BOF

Non-genetically modified Clostridium
Steel Plant harteria salactively nraducing ethano!

Potential of 300 kton EtOH/year =
380 Ml/year= over 700 kT/y of
CO, savings

Eisenhiittenstadt

Ghent
Potential: 47 kton E10H year \ Potential: 24 kton E1OH/year
Ghem2z
s %5 Ghentz

Arcctoriiial

Areerias

A
Duakerque sl
Potentlal: 100 kton EYOH year Dabrowa Gornicza

Potential of 300 kton EtOH/year = 380 Ml/year Poiential: 46 kion EtOHypar ~ Sit®3

el /* "\ Site§ e
Potential: 34 kton E10H year Fos-Sur-Mer

Paotential: 50 kton E1OH year




The steel mill of the future .... will sell CO

The Gent Ethanol plant




The steel mill of the future .... will sell CO, - derivates &
4o L |
' - ArcelorMittal

Valorisation of Fuels - chemicals
steel mill CO,

H o {

. wt-d’ CHCO0H +[CHO
i O0—H
H,COH H,COCH,

H H

*Coke Oven gas
*H, surplus from chemical
partner

Electrolysis




The steel mill of the future .... will need more H,-gas &

ArcelorMittal
coke oven gas

A O [T

i

___._____ﬂh-__"j.‘i“'!“_I-!":iu.!..m LI /
LT iy

= |

Supply from by electrolysis or rSOEC
neighbouring chemical, >

chlorine electrolysis
plant

08/04/2017 Confidential 16




The steel mill of the future .... will sell CO, - derivates &

1810 kt/a coke

Heating of coke plant

A 4

by-products
4—

coke

plant

oven

partial flaring

COG
268 MW,;

v

2500 kt/acoal 1

T

electricity
19 MW,
(import)

coke oven gas
(sales & export
via pipeline)

L generation !I'l.!n

Heating

Electricity

ArcelorMittal

Today

In a standby coal
fired power plant

district heat

20.8 MW,,

1810 kt/a coke

<«

(export)

T

CO, from
fumes

>
14

Heating of coke plant

.

_by-products
(slightly more)

coke oven

plant

2500 kt/a coal 1

08/04/2017

T

electr

icity

8.6 MW,
(import)

’Hwing

H, from coke oven gas

methanol
160 MW,

A

Confidential

low carbon
transport fuel
(sales & export
via train)

In Future




In integrated steel mills .. a combination of gases A
can be used ArcelorMittal

CO gas ‘i
1 1

el:lactmll.r;is ammaonia
I I h"..'dr;:rgen hydrogen —~ "‘"_==.. ,._---J: ‘
nitrogen

- BOF gas

BF gas

bon dioxid
Farben diexde carbon dioxide

sequestration

steam SEWGS
CO + H.0 hary CO, + H>
Global Urea Profile . .
Ammonia production :
I Production million tonnes 2013 [l Consumption million tonnes 2013 " N, + 3H, S 2NH;
54
Urea production :
ii e 2NH; + CO, 5 NH,COONH, (ammonium carbamate)
18
soEimerts II NH.COONH; S H,0 + NH,CONH, (urea)
China
ci Other Asia =
i I - ke
T § 41552 ;
Latin America ﬂ o?...h E 380,13 \N-d‘ ’\p/\\\
§ 24ae : e
E AN\ NP2 NP
estic Supply g _— \ /\__
212 83 b \"\
111111 \"“'h-c-.
08/04/2017 Confidential LTI | o
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The §teel mill

of the future . WI|| sell CO2 PN

/—?}pl.; Biogas & Precast ai /0;' uaspp .
E ArcelorMittal

s Sale of the CO, (industrial
gas supplier, green houses,
EOR ...)

Carbonation minerals —
slags - ...

: CO, nigh +
E temperature
(= I o, i J.;\_) » electrolysis with H 2

icati gon Bl et
Valorisation of y —=)

Steel mlll COZ C02 reforming

in plasma torches
with renewable
electricity

08/04/2017 (&




In fact the EU regulations are promoting the fossil fuels and
chemicals ... and are unjust to the new technologies

the new EU regulations will now consider low C fuels

New: Definition No legal support for
\ CC!'’ yroducts from
enewable liquid and gaseous transport fuels \

\
non-biological origin” means liquid or gaseous 6?056 1 gases .
fuels other than biofuels whose energy cor’ ‘()35 ,\\'\ N th us a” th ese

mes from renewable energy sourc~

and which are used i~ \N'as 53\ = E pl’OdUCtS cannot

o pnteor 15 IS ?\‘30 (09 compete with their

"Carbon capture = ort
purposes if thet&eN \a“)s ewable’ (152 fogsi| equivalent

\g\) RED:

‘energy from renewable sources’ means energy
from renewable non-fossil sources, namely wind,
solar, aerothermal, geothermal, hydrothermal
and ocean energy, hydropower, biomass, landfill
gas, sewage treatment plant gas and biogases
(ff) “waste-based fossil fuels” means liquid and gaseous fuels produced from waste streams of
non-renewable origin, including waste processing gases and exhaust gases;




< Landfilling of

steel mill CO, N —

The steel mill of the future .... will connect to the CO,-pipeex
ArcelorMittal

Public pipe from
the authorities

Public landfill
= CCS




The steel mill of the future .... Storage Is not its core &
business .. so the authorities have to bear this ArcelorMittal
responsability...

Still to many uncertainties : a lot more R&D is required

Norway abandons Mongstad carbon
capture plans

20 September 2013 Last updated at 18:10 GMT

Dutch officials stop Shell's CO, storage project
Ministry officials insist facility is safe, but bow to local
opposition to the Barendrecht pipeline and gas
reservoir.

By Agence France-Presse , Thu, Nov 04 2010 at 2:28 PM

Vattenfall Stops EUR1.5B Investment In German CCS Plant
Date: 06 Dec 2011; Source: Wall Street Journal
Vattenfall abandons Jaenschwalde Project in Germany

!;Inerald Sun

oW Osterreich
Ecofys: CO,-opslag niet verbietet CO,-
gone for good essentieel voor klimaatdoelen  Speicherung

BUSINESS
Australia’s carbon tax has



http://online.wsj.com/article/BT-CO-20111205-709117.html
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0 Emission plant....CleanH,

| Steel mill
gases

From COG,
electrolysis or excess
from chemical industry

‘ Clean CO/H

COICO,/H,

Sale to chemical induﬂ

H
|
S H—C—

conversion with
: L. [enewable
0D D electricity

|
H

>

H,COH

C,HO
H

H

C
H,C™

o
¢ CH;COOH
O—H

H,COCH,
H H
H—#—O—#—H

“CH,

Saletogas |
industry




	ArcelorMittal : a steelmakers view on ��THE ZERO EMISSION PLANT
	Largest steel producers in 2016�(in mt crude steel)
	Dianummer 3
	Dianummer 4
	The challenge of the steel industry = �C-footprint reduction
	Dianummer 6
	Dianummer 7
	Dianummer 8
	Dianummer 9
	Dianummer 10
	Dianummer 11
	Dianummer 12
	Dianummer 13
	Dianummer 14
	Dianummer 15
	Dianummer 16
	Dianummer 17
	Dianummer 18
	Dianummer 19
	Dianummer 20
	Dianummer 21
	Dianummer 22
	Dianummer 23
	Dianummer 24

