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1. The steel industry today




1. The steel industry today

Basic Chemistry
Iron ore = Iron oxyde Fe0 + Fe,0,

Heme
CH, CH,CH,COOH

CH,CH,COOH

2) Mineral (iron oxide)

(b) CH=CH CH,
3) Essential mineral for human

" )" Steel or iron alloy:
¥ (up to 2% Carbon)

5) “lIron” or iron alloy:
(2 to 5% Carbon)
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1. The steel industry today

Basic Chemistry

Iron ore = Iron oxyde Fe0 + Fe,0,

1) Iron Making

“Iron”

90-95% Iron
(#4-5% Carbon)

= Alloy

- Mineral 2) Steel Making

Carbon
Steel (Iron + Carbon) (up to 2%)

= A||oy Iron
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1. The steel industry today
Iron Making

B Blast Furnace (BF)

6) Boudourd reaction: ooke. "

C=2CO 7) Water vapor reacts imestong
with coke (water gas = 8) Reduction of iron oxides
(below 570°C)

5) Gas-solid reactions: reaction): H,0+C=C+H,

- CO+FeO= Fe Hot waste gases

- H,+FeO=Fe+H,0

Mineral
Hot waste gases 3Fe 0] +CO 2|:e 0O/

Fe +4co 3F-

And

4) Cohesive zone liquid phases: ~ Airheating stove

- Iron and slag phase: unreduced
iron oxide FeO

- Direct reduction:

M C+FeO=Fe+CO

3fe,0,+H2=2Fe,0,+H,0
Fe,0,+4H,=3Fe+4H,0

3) Oxygen in the blast reacts with
coke and carbon:

C+0,€C0,)
c{C02)2¢co

2C+0,=2C0O Sc rR .
C+H,0=CO+H, e Art & Science of Ris
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1.The steel industry today

B Molten iron is refined into steel by reducing the carbon content and adding oxygen, lime, scrap

metal and alloys.

Basic Oxygen Furnace /
Steelmaking (BOF/BOS)

Iron

90-95% Iron
(#4-5% Carbon)

= Alloy

(up to 2%)
Steel = Iron + Carbon
= Alloy

DLS © Didier Schutz 8

Steel Making

Electric Arc Furnaces
(EAF)

_ GRAPHITE

TILTING ELECTRODES FLUEGAS

MECHANISM

REFRACTORY
BRICK SWIVEL
ROOF

REFRACTORY
LINING

TAPPING

SPOUT FOR
MOLTEN IRON

BOTTO!

i ; : %
REFRACTORY-LINED y — =
BOWL-SHAPED HEARTH S~



2. The current challenges




2. The current challenges
Moving to « Green Steel »

B Steel industry: reportedly accounting for an 7-8% of global CO, emissions (BF). ‘

1. Need to achieve 55% reduction of CO, emissions by 2030 (vs. 1990 levels).

2. Need to adopt a new business strategy that aligns profit goals with a
company's environmental policies.

3. This alignment should be efficient enough to sustain and grow a business while
preserving the environment.

DLS © Didier Schiitz 10
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3. The strategies
Recycled Steel

B Around 30% of the world’s steel is reportedly made from recycled steel.

1. Steel recycling is mainly done in arc furnaces, driven by electricity.

]
REFRACTORY r"i"[
BRICK SWIVEL
ROOF i

REFRACTORY-LINED
BOWL-SHAPED HEARTH

2. [Each ton of steel produced using this method produces about 0.4 tons of CO, — mostly
due to emissions produced by burning fossil fuels for electricity generation.

DLS © Didier Schiitz 12 Creative common



3.The strategies

B Example of steel arc furnace energy recovery and storage system:

DLS © Didier Schutz 13

TO COOLING
TOWER

GEMNERATOR CONDENSER

OPERATIONAL THERMAL
ENERGY STORAGE

MIXING
VALVE

ELECTRIC
ARC
FURNACES

BAG HOUSE
HEAT EXCHA R

MIXING
VALVE

PEAKING THERMAL
ENERGY STORAGE

VALVE

Energy recovery
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3. The strategies
Breakthrough Technologies

B Goal: 55% reduction of CO2 emissions by 2030 (vs. 1990 levels).

1. New emerging path: making “green steel”’, made using hydrogen
rather than coal.

2. Using hydrogen for the Blast Furnace (BF):

a) The BF needs more externally added heat to keep the temperature SUSTAINABLE STEEL PRODUCTHON
high. '

b) Solid coal in the main body of the furnace cannot be replaced with
hydrogen.

c) Biomass alternative blended with coal being developed:
I SUStalnable SourCing issue Source: Attribution-ShareAlike 4.0 International (CC BY-SA 4.0)
ii. Fossil-fuel derived emissions to be captured and stored
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3. The strategies

Breakthrough Technologies
B Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR):

1. Less than 5% of production

2. Two dominant gas-based process: MIDREX and HyL Il

3. Use of massive amount of natural gas enriched with hydrogen
4. The reaction takes place in a reactor

5. The result is almost pure iron to be used in EAF for making steel

6. Overall emissions are lower than BF (more electricity. No coall!)

DLS © Didier Schiitz 15 SCOR



3. The strategies

Breakthrough Technologies
B Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR): MIDREX process

3) Reactions in the reactor:

Irom
phss Pistugal Process Fas system e
With H2 (Reduction): Bes gas i
3F9203 + H2 — 2Fe3O4 + HZO Process gas .Iup Lr;:.na_
Fe;O, + H, » 3 FeO + H,0O COMPressors scrubber
FeO +H, - Fe + H,0
With CO (Carburization): SO Al
ain #Ar Reducing g3 ne s
3Fe,0;+ CO —2Fe;0, + CO blowher Codling gas
Fe,O, + CO — 3 FeO + CO, Fuel A scpubber
FeO+CO — Fe + C02 i [ iIl:llII": Eas .. l
Flue T .
With Solid Carbon: s
CO,+C — 2C0 . 1 Cooling gas
_ } compressor
With CH3 (Reforming): e S L __ Tt
CH, + CO, — 2CO + 2H, :]uu_'h Heat recovery _— g

CH, + H,0 — 2CO + 3H, mu@
Dhirect ré®uced iron
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3.The strategies
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Breakthrough Technologies
B Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR): HYL process

Process Gas
Compressor

/N

H20 Top gaé‘?heat
removal recuperator
Iron ore
Fired
Heater

reactor

Reformed gas

DRP Tail gas

N
/7

Fuel

DRI
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3.The strategies

Breakthrough Technologies

B Hydrogen-based direct reduction (H-DRI):

— Renewable
[ Energy
J .1 Newer Hydrogen Production Method
-~ No Greenhouse Gas Pollution

Electricity: 39,4 Mw
. h

1.1 ton H2 /I Oxygen:
$1,497 _ 8 ton
(Whole_zs_ale : —— X
oo Electrolysis
Hydrogen: 1.1 ton
(2 x ydrog
W
Source: CCO 1.0 Universal (CCO 1.0)
Public Domain Dedication
DLS © Didier Schiitz 18 SCOR
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3. The strategies

Breakthrough Technologies
B High-temperature iron electrolysis:

1. Electrometallurgy = electrochemical process

2. lIron electrolysis is estimated to use 15-30% less electricity per ton of steel produced,
relative to the hydrogen-based DRI route

3. Use of an inert anode is critical

4. Difficulties in finding a suitable non-consumable anode material capable of weathering
the challenging conditions of the process.

5. Could come to the market by 2035
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4. Introduction of New Hazards




4. Introduction of New Hazards
Use of Recycled Steel

s

B Main issues:

1. Supply chain

2. Hazmat

3. Moisture content

4. Steel quality

DLS © Didier Schiitz 21 SCORrR P&C
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4. Introduction of New Hazards

Electric Power Co-Generation
B Becoming a Power Plant Operator in addition to steel maker:

DLS © Didier Schiitz 22 ”Swr\’ PRC



4. Introduction of New Hazards

Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)

B HYL process:

H20
removal

Top gaé‘?heat
recuperator

Process Gas

Compressor 4

CO2
removal
system

1

NG
Syngas

Reformed gas
COG

DLS © Didier Schutz 23

W

Humidifier

DRP Tail gas

Iron ore

DRI

Reforming of natural
gas

High Temperature
&

Pressurized
Reduction Process

Further methane
reforming in-situ
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4. Introduction of New Hazards
Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)

B Reformer:;

» Steam-methane reforming (mature production process)

o high-temperature steam - 700°C—-1,000°C Explosion
o methane reacts with steam under 3—-25 bar pressure potential
o endothermic reaction

B Steam-methane reforming reaction
CH4 + H20 (+ heat) — CO + 3H2

B \Water-gas shift reaction
CO + H20 — CO2 + H2
(+ small amount of heat)

o

Courtesy of Emirates Steel (ES) Abu Dhabi
DLS © Didier Schiitz 24 g&%R P&C



4. Introduction of New Hazards
Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)

B Reducing compressor and Process Gas Compressor:

. Direct Reduction Plant
(simplified

Combustion Air FD fan

1Turbing + 1 motor e == - - - - Iron ore
2% 100% : pellets in
b ] Erocesss
Natural gas in to 1 {turbo)
16 reformer burners :
15b =
1 i Fire
(’ \ Reformed :
gasout | Process gas out
555° 1 .
L > Explosion
Reformer :
: 1 Reactor
0 @ = = -
: ’ 970 Disintegration
\_ J i Process gas
1 Heater
Flue gas out
! 9%-0“ ! : (PGH) Process gas in .
i 950° Bl for DRI unit
1 Nat. gas
: To PGH
]
1
L '
]
/ \ Superheated |
Nat. gas to steam out !
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4. Introduction of New Hazards
Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)
B DRI-Reactor:

Process Gas Heater (left) DR Reactor (right)
Courtesy of Emirates Steel (ES) Abu Dhabi UAE

High Pressure Rupture
potential

DLS © Didier Schiitz 26 SC O e 2 P&C



4. Introduction of New Hazards
Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)

B Process Gas Heater (PGH):

DLS © Didier Schutz 27

s

ISO VIEW FROM N/W s

_STACK
-~ FES1K10CHI

/

FLUE GAS DUCT
e

FLUE GAS DAMPER
PVO10211 T

FLUE GAS DUCT

a0

CONVECTION SECTION =<2
FE51B20BLD -

FLUE GAS CHANNEL
CROSS OVER PIPING

—INLET HEADER

$-— " ___OUTLET HEADER
. ——""_ToP1-PG
——_ANALYSER HOUSE

S

s fé\\j” “ToP2-PG

RADIANT SECTION ||
FE51A10HEA -

PEEP DOORS

Process Gas Heater (left) DR Reactor (right)
' Courtesy of Emirates Steel (ES) Abu Dhabi UAE

ST
o \PROC ESS GAS PIPING
S

DAVIT/""/) /i\‘\“\/ TOP10 - DMD Integral tO the
\’:IE:%L;I::TI‘J?V ‘ ‘ﬁ\ S i'i:ﬁausﬂou AIR DUCT p rod u ct i on Of D i re ct

: -
ol CONNECTING BEAM
y TO DRI-REACTOR TOWER

Reduction Iron (DRI)

~.COMBUSTION AIR FILTER
FES1D10KFD

Y e DRP cannot work
E without a PGH

e
) = | N TOP12-1A
o ey . TOP8-NI
N = = N TOP5 -GN
TOP6 - FG
TOP13 - BDI
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4. Introduction of New Hazards

Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)

B Process Gas Heater (PGH):

Initially known as
“intrinsically unsafe
pieces of equipment”

heating combustible
gases

in a gas-fired furnace

at temperatures very

close to the admissible
metallurgical limits of

the heater tubes Fuel

Header

h A%

h 4

DLS © Didier Schiitz 28 Combustion air Header

Flue gas
stack

By-Pass
Damper

ID Fan

Brake
mechanism

Damper

SCOR

The Art & Science of Risk

P&C



4. Introduction of New Hazards
Direct reduced iron (DRI) or (Natural Gas-NG)-based direct reduction (DR)
B Process Gas Heater (PGH):

Process Gas Heater (left) DR Reactor (right)
Courtesy of Emirates Steel (ES) Abu Dhabi UAE

Monitoring systems adequate process
controls and alarms installed.

DLS © Didier Schiitz 29 S%R P&C



4. Introduction of New Hazards

B Carbon Capture:

1. Usually, third party owned and operated facility _f pmerre W‘Tﬁ{l}l}f | mﬂﬂ##ﬁ
. Il

« Carbon-neutral fuels -

2. On site / off site

3. Fed from the Direct Reduction Plant

i
o
ST

4. Usually for free
5. CO2 is recovered and compressed

6. For further injection in oil field

DLS © Didier Schiitz 30 SCOR paC
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4. Introduction of New Hazards

Renewable Energy
B Roof mounted Photovoltaic Solar Panels

Risk Aggravating factor
Electric fire

Structural and weather hazards

DLS © Didier Schiitz 31 P&C
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Open discussion — Q&A
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Open discussion — Q&A

Basic Chemistry

e

Greensteel Man

et R T -

‘ ' 1 S

“Iron” (Iron + Carbon)
(2 to 5%)
= Alloy

= Mineral
(Iron oxide)

(up to 2%)
Steel (Iron + Carbon),
= Alloy

arbon_ W

= Metal (element)
SCOR | pac
«

Iron ( ‘f: » .-
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Risk Control Practice & Services ¢

Act local, think global

DLS © Didier Schutz

Merci (rench)
Thank You (English)
Aw Kohn (Cambodia)

SRR (china)

2 AP LI C (korea)
Na Som (Douala)
DZiQkUjQ (Poland)

Bedankt (NL)
EYXAPIZTQ (Greece)

Dankie (Afrikaner)

Gracias (spanisn)
S 1 SE (arave)
Danke (German)
Tak (Scandinavia)
CMACUBO Rrussia)
Grazie (Italy)

Ke a Leboga (Botswana)
Cam on (Vietnam)
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