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Aim of the project 

Å This collaborative project aims to 

Å set-up a methodology to manage the EAF flexible charge material mix 

Å minimising the cost to produce crude steel 

Å guarantying the required steel quality and low environmental impact 

Å having in mind the 

Å volatility of scrap quality-price ratio and availability 

Å pressures arising from CO2 trading legislation. 

 



Project partners 

Å CSM, Italy 

Å BFI, Germany 

Å CRM, Belgium 

Å FERALPI, Italy 

Å Georgsmarienhütte, Germany 

Å MEFOS, Sweden 

Å OVAKO, Sweden 

Å SIDENOR, Spain 



Work packages and tasks 



WP1 - Characterisation of charge mix 

 

Å In order to evaluate the characteristics of the charge mixes, 

laboratory-scale and semi-industrial trials have been performed 

respectively at CRM and CSM.  

Å The laboratory-scale trials at CRM were focused on the determination of 

reference properties of the individual low quality scrap grades (melting 

yield, chemical composition and environmental impact) 

Å The pilot-scale trials at CSM were dedicated to determine the properties 

of scrap mixes. 

Å Industrial trials were conducted at all industrial partners with 

increased use of low quality scrap and off-gas measurements. The 

main purpose of the trials are to create data for statistical modelling. 

Å Results clearly confirms the importance of material characterisation 

and/or statistical evaluation of the effect of scrap loading policy and 

quality of the scrap grades in relation to cost and steel quality. 



WP1 - Laboratory trials ï grades tested 

  European 

standards 

Provider 

Steel turnings E5H (21/22) Scrap trader 

Shredded scrap E40 (117) Scrap trader 

Thin old scrap E1 (12) Scrap trader 

Incinerated shredded 

scrap 

E46 (177) OVAKO BAR 



Results of laboratory trials 

  Melting yield (%) 

  E40 (117) E1 (12) E46 (117) E5H (21/22) 

Trial 1 93.8 82.5 84.2 - 

Trial 2 95.9 83.0 86.1 - 

Trial 3 94.6 79.9 84.2 83.0 

Trial 4 95.9 85.3 83.1 87.6 

Trial 5 93.8 81.7 84.0 87.8 

Trial 6 91.0 83.2 83.8 83.6 

Average 94.2 82.6 84.2 86.3 

Normalised +14% Ref# +1.9% +4.4% 

Stdev 1.8 1.78 1 2.3 



Results of laboratory trials 

  Mn P S Cr Ni Cu Sn 

Trial 3 0.280 < 0.008 0.044 0.256 0.353 0.437 0.082 

Trial 4 0.15 < 0.008 0.034 0.172 0.305 0.562 0.077 

Trial 5 0.138 0.029 0.032 0.146 0.308 0.569 0.050 

Trial 6 0.073 0.014 0.039 0.151 0.227 0.642 0.04 

Average 0.16 0.013 0.037 0.181 0.298 0.553 0.062 

Stdev 0.087 0.012 0.005 0.051 0.007 0.085 0.020 

  Mn P S Cr Ni Cu Sn 

Trial 1 0.290 < 0.008 0.028 0.050 0.011 0.267 0.056 

Trial 2 0.022 0.021 0.029 0.056 0.011 0.296 0.058 

Trial 3 0.630 < 0.008 0.028 0.050 0.026 0.220 0.050 

Trial 4 0.254 0.025 0.038 0.068 0.006 0.337 0.062 

Trial 5 0.365 < 0.008 0.031 0.055 0.011 0.284 0.053 

Trial 6 0.432 0.027 0.031 0.058 < 0.008 0.262 0.058 

Average 0.332 0.014 0.031 0.056 0.011 0.278 0.056 

Stdev 0.184 0.01 0.003 0.006 0.007 0.036 0.004 

Recessed chemical analysis grade E5H 

Recessed chemical analysis grade E40 



Results of laboratory trials 

  Mn P S Cr Ni Cu Sn 

Trial 1 0.143 0.049 0.072 0.179 0.315 0.327 0.072 

Trial 2 0.251 0.085 0.091 0.074 0.227 0.243 0.121 

Trial 3 0.230 0.078 0.084 0.068 0.011 0.223 0.111 

Trial 4 0.127 0.062 0.116 0.042 0.214 0.319 0.112 

Trial 5 0.067 0.051 0.092 0.123 0.165 0.391 0.111 

Trial 6 0.061 0.045 0.082 0.110 0.132 0.343 0.110 

Average 0.147 0.062 0.090 0.099 0.177 0.308 0.106 

Stdev 0.080 0.017 0.015 0.049 0.103 0.063 0.017 

  Mn P S Cr Ni Cu Sn 

Trial 1 0.295 0.039 0.059 0.120 0.167 0.166 0.068 

Trial 2 0.160 0.038 0.124 0.064 0.110 0.236 0.068 

Trial 3 0.149 0.032 0.094 0.101 0.103 0.250 0.091 

Trial 4 0.257 0.076 0.063 0.038 0.154 0.129 0.056 

Trial 5 0.388 0.103 0.038 0.048 0.400 3.104 0.388 

Trial 6 0.321 0.094 0.079 0.048 0.185 0.152 0.069 

Average 0.262 0.064 0.076 0.070 0.187 0.673 0.123 

Stdev 0.093 0.031 0.030 0.033 0.109 1.192 0.130 

Recessed chemical analysis grade E46 

Recessed chemical analysis grade E1 



Results of laboratory tests 

  Cd Pb Cr Ni Cu Mn Zn 

E5H (mg/kg.scrap) 0.01 139 9.12 4.80 36 33.6 787 

E46  (mg/kg.scrap) 9.12 96 1.92 2.40 9.1 110.4 5232 

E1 (mg/kg.scrap) 1.44 72 0 0.72 6.7 2.4 1224 

E40 (mg/kg.scrap) 0.96 24 0 4.80 7.2 12 480 

Heavy metal emission for the different scrap grades 

  E46 E1 E5H E40 

NMVOCs (mg/kg.scrap) 89.4 253.4 * * 

PAH (mg/kg.scrap) 2.9 18.8 10.8 9.2 

 

 

NMVOCôs and PAH emissions for the different scrap grades 



Results of laboratory tests 



Industrial trials at Ovako 
Fraction of internal scrap Q108 - Q209
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Industrial trials at Ovako 
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Industrial trials at Ovako 

Electrical consumption and fraction of
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High carbon scrap and carbon content at meltdown
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High carbon scrap and carbon content at meltdown
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Statistical evaluation of charge material mix 

Prediction models (static) depending on the charge material mix have 

been developed based on statistical approach for: 

 

Å the metallic yield (furnace yield, i.e. the effect of the process is taken 

into account) for all EAF plants 

Å steel chemistry (for all participating plants) 

Å energy consumption (for all participating plants)  

Å slag chemistry (only for GMH). 

Å Consumption figures 

ÅElectricity, oxygen, natural gas, carbon, slag formers 

 

 



Prediction of metallic yield  - modelling 

approaches 

Å Mefos approach 

ÅPartial least squares (PLS) prediction model 

ÅPrediction of yield for 20-heat average periods 

ÅRegression model based on specific scrap grade consumptions (% of 

total scrap mix) for individual grades 

ÅYield coefficients estimated based on 100 % use of specific scrap grades 

Å BFI approach 

ÅMultiple linear regression prediction model 

ÅPrediction of yield for individual heats 

ÅModel for estimation of hot heel 

ÅRegression model based on weights of charged scrap (kg) 

 



Prediction of metallic yield 

 

Estimation of metallic yield (w%) 
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Prediction of metallic yield 

scrap type group metallic yield scrap type group metallic yield

pig iron skulls 81.2 E5M 92.3

pig iron 91.4 E5H 87.2

cast iron 70.0 briquetted turnings 87.4

E1 84.4 steel skulls 83.1

E2 93.7 casting residuals 93.1

E3 90.2 return Cr 91.6

E8 85.3 return CrMo 91.6

E1 / E3 86.5 return CrNiMo 93.4

cans 98.0 E40 88.0

E6 98.0 remaining scrap types 91.1

Estimated yield coefficients of materials used at GMH 



Prediction of steel chemistry ï modelling 

approaches 

Å Mefos approach 

ÅPartial least squares (PLS) prediction model 

ÅPrediction of steel chemistry for individual heats 

ÅRegression model based on specific scrap grade consumptions (% of 

total scrap mix) for individual grades 

ÅContent of elements in scrap grades (including element-wise yield to 

steel) estimated based on 100 % use of specific scrap grades 

Å BFI approach 

ÅMultiple linear regression prediction model 

ÅRegression model based on weights of charged scrap (kg) 

ÅRegression coefficients are interpreted as content of elements in scrap 

grades (including element-wise yield to steel) 

 



Estimated scrap chemistry at Ovako Bar 

 

Estimated concentrations of elements in scrap grades 
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Adaption of prediction models ï moving 

window approach 

Start End

1 250

251 500

501 750

751 1000

1001 1250

1251 1500

1501 1750

1751 2000

2001 2250

2251 2500

2501 2750

2751 3000

3001 3250

3251 3500

3501 3750

3751 4000

4001 4250

4251 4500

4501 4750

4751 5000

5001 5250

Heat Groups

= 4000 heat model window

= 2000 heat model window

= 1000 heat model window

= 500 heat model window

= 250 heat model window

= 250 heat prediction window



Selection of optimal number of heats in the 

moving window 
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Prediction of energy consumption ï modelling 

approaches 

Å Mefos approach 

ÅPartial least squares (PLS) prediction model for total energy consumption 

Å Also other consumption figures are predicted (oxygen, carbon, slag-formers) 

ÅPrediction of consumption for 20-heat average periods 

ÅRegression model based on specific scrap grade consumptions (% of 

total scrap mix) for individual grades 

ÅSpecific energy consumption (kWh/ton scrap) estimated based on 100 % 

use of specific scrap grades 

Å BFI approach 

ÅAdaption of earlier developed formula for prediction of electrical energy 

demand by addition of parameters for further individual scrap grades 

ÅRegression parameters are interpreted as specific energy consumption 

(kWh/ton steel) for individual grades 

 

 



Estimated energy consumption at Ovako Bar 

 

Estimation of specific total energy consumption (kWh/ton scrap) 

0 

100 

200 

300 

400 

500 

600 

700 

800 
E

3
 I
m

p
 

E
5
 I

ro
n
 

E
3
 I

ro
n
 

E
1
 I

ro
n
 

S
te

e
l 
s
c
u
lls

 

E
3
 I

n
te

rn
a
l 

E
3
 

E
1
 

E
5
M
 

E
8
 S

i 

E
4
0
 

E
8
 

E
6
 S

n
 

E
8
 S

h
e
a
re

d
 

E
8
 C

o
a
te

d
 

E
6
 

E
2
 

S
la

g
 s

c
u
lls

 

E
4
6
 

P
ig

 i
ro

n
 s

c
u
lls

 

S
la

g
 s

c
u
lls

 I
m

p
 

E
5
 I

ro
n
 B

ri
c
k
 

Scrap grade ID 

S
p

e
c

if
ic

 t
o

ta
l 
e

n
e

rg
y
 c

o
n

s
u

m
p

ti
o

n
  

(k
W

h
/t

o
n

 s
c

ra
p

) 



Statistical evaluation of charge material mix - 

Conclusions  

Å The metallic yield of each scrap type can be calculated with 

reasonable accuracy. For metallic and element-wise yield factors, 

strategies to track changes over time are necessary 

Å The element-wise yield of an individual scrap type regarding the 

most relevant tramp elements Cu and Sn, as well as of the alloy 

elements Cr, Ni and Mo can be alculated with good accuracy. Typical 

error standard deviations for prediction of the element concentration 

in liquid steel before EAF tapping lie in the range of 10 ï 15 % of the 

absolute value; 

Å The scrap-type specific energy consumption depends on the applied 

energy (electrical / chemical) mix. 



Dynamic mass and energy balance, using 

information on all available inputs and outputs 

Å Mass and energy balance calculation tools, developed by BFI and 

CSM within previous ECSC and RFCS projects have been used, and 

when necessary extended, in this task to address two main different 

aspects: 

Å effect of charge materials on total energy consumption with the aim to 

provide a dynamic calculation of melt temperature and steel analysis 

before tapping (BFI) 

Å definition of operative conditions to minimize the FeO concentration in the 

slag as a function of charge material variation (CSM) 

 



Temperature prediction results at GMH 
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FeO estimation model 

Å The general model simulates the 

chemical reactions inside the 

liquid steel and uses the 

following input data  

ÅCoal (lump and powder) feeding 

rate  

ÅPig iron feeding rate 

Å Fluxes feeding rate 

ÅAvailable oxygen for the melt 

oxidation (by mass balance from 

gas phase) 

ÅAvailable power for heating up the 

melt (by energy balance from gas 

phase) 

20

 

Centro Sviluppo 

Materia li S.p.A. 
 

dyCoSMelt® is a calculation tool describing status (real time or predicted) 

of the slag/metal in a fully melted system.

It runs a mass/energy balance taking into account kinetic of 

oxidation/reduction reactions of the following species

dyCoSMelt

C Ą CO

Si Ą SiO2

Mn Ą MnO

Fe Ą FeO

Oxygen

(from lancing & leakage)

Carbon

(from injection, lump, etc)

Oxides interaction

Oxides reduction

Oxides formation



Virtual sensors based on analytical and 

statistical models 

Å Most of the usually applied off-gas measurement systems measure 

in a continuous way the off-gas concentrations at the exit of EAF 

(CO, CO2, O2, H2). 

Å However, for a complete EAF energy balance further off-gas data 

like off-gas flow rate and  temperature, as well as further 

components of the off-gas composition like H2O content are 

important. 

Å This task was devoted to set-up ñvirtual sensorsò in order to provide 

this information by model calculations.  

Å Two different approaches have been applied: Data based statistical 

methods by BFI and deterministic methods by CSM. 



Statistical approach 

Å The examinations have been performed by analysing available cyclic 

process data of GMH in three steps: 

Å data pre-processing and compilation of data samples 

Å selection of mainly influencing process parameters with statistical tools 

linear correlation analysis, Principal Component Analysis (PCA) and 

Discriminant Analysis (DA) and Data Mining techniques like neural 

networks, decision trees or Genetic Algorithms 

Åmodel development using the selected subset of available process 

parameters to check the ability of selected inputs to model the target 

variable 

Å When comparing different modelling techniques (Linear Regression, 

Partial Least Squares, Multi-Layer-Perceptron (MLP) Neural 

Network), the MLP achieved the best results.  



Statistical approach - Results 



Statistical approach - Results 



Deterministic approach ï Virtual sensor for 4th 

hole temperature 
Å 1 indicates the 4th hole measurement point of gas composition  

Å 5 indicates the elbow cooling water temperature measurement point 

Å 3 is the Venturi flow rate measurement and quencher inlet 

temperature measurement 

Å 2 is the spot measurement point in the fume duct before quenching 

Å 4 indicates the 4th hole spot measurement point of off-gas 

temperature by thermocamera 

spot

on line ïready

3
cooling

venturi

2

5

drop 

box

elbow

cooling
4

1
EFSOP

O2/CO/CO2/H2

Pitot + COx

thermocamera



Virtual sensor for 4th hole temperature- Results 

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

22.20 22.25 22.30 22.35 22.40 22.45 22.50 22.55 23.00 23.05 23.10 23.15

time, hh.mm

4
.t
h

 h
o

le
 g

a
s
 t
e

m
p

e
ra

tu
re

, 
°C

thermocamera

virtual sensor



4th  hole off-gas flow rate virtual sensor - 

Results 
Off Gas MFR @ point 2
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Optimisation of scrap mix 

ú? CO2? 

ton/h? 

kWh? 

http://www.businesspundit.com/10-most-sinister-ways-casinos-keep-you-gambling/04-oxygen/
http://greenbuildinge.wpengine.com/wp-content/uploads/2014/03/methane-gas-canisters-shutterstock_1784902882.jpg


BFI application for scrap mix optimisation 

 
Å The optimisation problem is defined as a linear programming 

problem, using the Simplex algorithm for solving it.  

Å The target of the optimisation problem is to determine the cheapest 

charge mix to produce the required tapping weight Wtapping of liquid 

steel 

Å Several constraints have to be considered within the optimisation 

procedure 

ÅScrap volume, Scrap availability, element concentration (max and min) 

Å A stand-alone application was installed under MatLab including 

Å Library of scrap properties (chemical composition, yield and costs) 

Å Library of steel qualities (chemical restrictions) 

ÅSingle heat scrap optimisation 

ÅHeat sequence optimisation 

 



Cu content of scrap grades 



Single heat optimisation results 


