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Scope of the presentation

The presentation summarizes the results of the European
project:

OSustainabl e EAF 0GreerEAIF- RFSRGTA u ¢
2009-00004

The project was dedicated to investigate the use in EAF of
char and syngas from biomass.

The promising results pushed the prosecution of the
research in a second project 6 GreenEAF2- still on going
dedicated to assess the results in long time trials.
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Chemical energy in EAF

In the Electric Arc Furnace a significant amount of energy (even more than 40%)
comes from chemical sources as fossil fuels: natural gas and coal.

Natural gas is used in burners during the scrap melting operations.

Coalis used to generate CO (for slag foaming) and operate post-combustion of CQO.

The use of fossil fuels implies:

A an environmental issue related to greenhouse gas emission
A an economicalissue related to oil and coal international price

This forces steel producers to find new sustainable ways of production of steel.
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Use of biomass in EAF

Biomasscan be a valuable option for replacing fossil fuels.
The pyrolysis of biomass produces syngas and charcoal.

Syngasis a possible substitution of natural gas.
Charcoalis a possible substitution of coal.
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Technological issues
for optimum biomass utilization

Study of local availability of biomass and logistics
Selection and characterization of biomass

Laboratory pyrolysis Char and syngas
simulation characterization

\ Definition of /
pyrolysis process
=

industrial trials

g

Global evaluation of biomass utilization

CSM
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Biomass availability , selection and

characterization

In GreenEAHocal situations (close to the steelworks) have been studied in:

Friuli (Italy) North Rhine-Westfalia (Germany) Styria (Austria)

The study confirmed the availability of biomass
In amount and localization suitable for application in EAF
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http://en.wikipedia.org/wiki/File:Karte_A_Stmk.svg

Biomass availability , selection and

characterization

FENO (ITALY) DEW (GERMANY) MH(AUSTRIA)

Biomasstype ton Biomasstype ton Biomasstype ton

forest residues and| 300.000 | |agricultural residue| 600000 | |agricultural residue| 1.000.000

ligneous species biomass from 600000 | | biomass from 200000
agricultural residue| 350.000 | | cultivations cultivations
cultivations
tot 950.000
Biomass Plant need Biomass Plantneed Biomass Plantneed
90.000 tons 50.000 tons 20.000 tons
Char: ~18.000 t Char: ~10.000t Char: ~4.000t

Cautelative char yield: 20%
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Biomass availability , selection and

characterization

Main characteristics of selected biomass as candidates for application in EAF

Data Forest Wood Bark Wood Comn corn grapewine | mischanthus Sorghum
residues +bark without straw pellet
bark

*(LHV)
kJ/ke] 20000 18100 16200 18500 18000 17500 18900 19100 18000

Volatiles

80 82 76 85.0 76-81 76 78 78 81
(%)

Ash (%) 1.1 0.8 3 5.5 55 3.5 39 3.5 6.8
C (%) 515 47 47 51.0 473 45 46.2 48.2 43.7
H (%) 6.7 6 54 - 54 6 5.5 54 5.73
N (%) 3 0.3 0.4 0.16 0.8 1.8 1.3 0.6 1.07
O (%) 39.7 44 40 432 43 37.7 42.1
S (%) 0.04 0.05 0.06 0.02 0.05 0.12 0.03 0.06 <0.1
Cl (%) 0.05 - - - 0.2 0.08 0.05 0.2 0.4

CSM
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Laboratory tests to define the pyrolysis  conditions
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Laboratory tests to

individuate the behaviour of char coal in EAF

Tar Trap

Wire Mesh Sample
Holder + Sample

<: Carrier Gas
Entry Port

Wire mesh reactor to determine yields at
high heating rates (as injection conditions)

Foaming tests of char and coals
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Comparative tests
between coal and char
from biomass have
been carried out to
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Pilot plant tests to assess the pyrolysis conditions

Increasing temperature:
A Tar decreases
. A syngasincreases
i 11— — e 1 = Optimal range: 500-600°C
T TRR
i '—”.‘,f Increasing residence time:
- | A Tar decreases
A Pyrogasincreases
A Chardecreases
A Char LHV increases

Pilot pyrolysis plant - (ENERPOL) Optimal range: 30-50 min

Char production from ligneous biomass was carried out, in order to supply
char for the industrial experimental test in EAF
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Use of syngas from biomass in burners

Three working conditions used for the burner

o2 cha CFD simulations were used to
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Use of syngas from biomass in burners

CFD simulations allowed to evaluate the efficiency of the burner and the heat
flux to the scrap with standard natural gas and syngas burners
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Syngas burners are characterized by lower
efficiency and lower specific heat flux.

To obtain same productivity a higher fuel
flow rate is necessary.
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Industrial tests of charcoal in EAF

Industrial tests were carried out with charcoal purposely prepared in a pyrolysis
process carried out according to the conditions defined on the basis of
laboratory and pilot plant tests.

Char for charging in bucked and for injecting in slag were produced.

Char in bucket |[Char injected in slag Antracite
briquettes Powder
(%) (%) (%)
C 60.1 75.1 81-86
H 2.1 1.8 0.1-0.2
N 0.7 2.0 0.9
S 0.05 <0.1 0.7
P 0.1
Cl 0.084
ash 19.3 7.6 11-14
volatile matter 25 16 3
moisture 7 5 0.5
grosscalorific value 21 MJ/Kg 23 MJ/Kg 30 MJ/kg
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Industrial tests of charcoal in EAF

Main characteristics of industrial furnaces involved in the project

Charge | buckets | Electrical CH4 O2 Coal |Injected | Power| Tap to
weight | /heat energy lump Coal on tap
(1) kWh/t Nm?3/t Nm?3/t kg/t kgt (min) | (min)
FENO 140 3 341 6 42 4 8 38 45
DEW 130 2 417 0 22 10 2 54 69
MH 40 3 375 7 45 0 12 31 45
kg charged kg injected kg of formed slag (*)
(per heat) (per heat) (per heat)
corn 600 1200 420 Maximum addition of
grapewine 600 1200 430 aosh t? slag 'Si around
forestresidues 600 1200 60 4% of EAF slag
mischanthus 600 1200 180

(*) Calculated from char analysis
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Industrial tests of charcoal in EAF

Industrial  tests were carried out both
charging char in bucket and injecting

Charging : In charging tests, coal was replaced
and the char percentage was increased up to
total substitution.
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Injection . The injection took place through a
water cooled lance covered by slag with
different devices in different plants

Besidethe energetic input, the foaming behavior
IS an important process aspect which was taken
into account for industrial testing of char.

The slag height was continuously monitored by
a camera.

CSM
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Industrial tests of charcoal in EAF

7
18 * ! % 3 y Centro S(v:ilﬁlpl\o/‘I[Waieriali
< Y

materials, technology & innovation



Industrial tests of charcoal in EAF

Effect on slag foaming

S

Test C. No foamin

B

Test B. Poor foaming beavhiour

Test A. Good foaming beavhiour

Results obtained by the
three partners were
partially satisfactory, in the
sense that in some trials
good foaming behavior was
observed, and in some trials
no.

Injection system/practice
must be improved promoting
the penetration of char into
the slag

Foaming tests recorded with Optical Foaming Slag Management System
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Industrial tests of charcoal in EAF

Effect on steel, slag and gas composition

m Reference charge Biochar charge
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CO/s* CO,/s* H.,/s* O,/s*
CharTrials 16,07 17,34 9,85 0,39 Off gas ana|ySiS
Standard Trial 17,55 16,96 10,19 0,16

Charge trials at DEW
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Industrial tests of charcoal in EAF

Effect on emissions

Comparison of measured environmental parameters and comparison with
historical plant data (industrial tests at FENO)

measured historical

Powders(mg/Nm3)  <0.5 <0.5 Char does not contribute to dioxin
HCI(mg/Nm 3) <0.5 <0.5 formation neither dust increase into fumes
Dioxin (ng/Nm 3) 0.004 0.005
PAH(mg/Nm 3) 0.008 0.002
Standard reference heat (at DEW) Char utilization (at DEW)

COincrease in the second bucket with char utilization (20%in the off gasrespect 1699 is not a dramatic
value which can be controlled optimising the operating practice
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