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Highly efficient technologies for increased yields in steelmaking
processes and reduced environmental impact
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HIYIELD

Aim
HIYIELD aims to promote circular economy by progressively
increasing the scrap uptake in three demo cases that
represent the current European steelmaking routes, with the
ambition to deliver solutions with relevance to all

steelmakers.

Project duration: 01/07/2022 — 30/06/2025
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Objectives

Objectives Methods Demonstration Results
Cases
To maximize scrap quality by Maximize scrap quality
optimal technologies for Deep Learning based e ;
: A i ptimal technologies for

removal of impurities and Computer Vision for scrap DC1 ::n:r::zsr':er ;::fa :i;:‘taEk:F EE e impurity removal
Opllmal use of a"a'ylng identification and control P . o.phmal use of a"oying
elements REIEREI

To maximize scrap use by

improved scrap identification Digital Scrap Information Card Increase the uptake of pre- Optimize scrap use

and classification together for scrap tracking DC2 | consumer scrapsin LD *  Scrap classification

with scrap tracking in circular - Scrap tracking in circular
economy economy

To maximize product quali - :

with further sgrap uptac:{e t:; e e e Enable steelmaking for increasing Maximize product quality with
charge optimization and :nalysfls :ol avc;ld_ wating DC3 scrap uptake maintaining steel scrap uptake

ensuring the liquid steel mes Tor stee! analysis product quality in EAF+AOD *  Charge optimisation_
analysis and thus the final * Ensure product quality

steel product quality
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HIYIELD

DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

v' Definition of components & equipment for processing of selected scrap types
o Combination of techniques to upgrade low-grade scraps
o Dimensioning of all components/equipment
o Basic engineering data and specifications

v Implementation activities
o Procurement of new equipment
o Modification of existing equipment

v" Industrial scale trials |
o Combination of mechanical, physical, and |
sensor-based sorting techniques to efficiently |
upgrade low-grade scraps -

o Three combinations (Modes) promoted through =—
trials, by utilizing the available equipment '

3/13/2024 7
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DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

Three combination modes promoted through industrial trials

Mode A Mode B Mode C
1. Pre-sorting (grabs/magnets, stationary || 1. Shredder with grate opening 1. Shredder with grate opening
grizzly screen) <100mm 150mm-+
2. Size sorting in fractions (waste/scrap 2. Magnetic drum separation. 2. Magnetic drum separation.
screen & flip-flow). 3. Density sorting of Fe stream with || 3. 2nd pass of shredding
3. Magnetic drum separation. air (zig-zag) 4. 2nd magnetic drum separation.
4. Density sorting of Fe stream with air- Remark: 5. Density sorting of Fe stream with air
separator (per size) High efficiency due to out-put size (zig-zag)
5. Hand sorting of Fe stream <100mm and air Remark:
Remark: Moderate efficiency due to out-put size.
Very low efficiency due to complexity of
consecutive stages and time consuming

3/13/2024 8
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DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

Laser Scanner installation in scrapyard
« Laser Scanner installed in all scrapyards

« Scrapyard 1 : already working

« Scrapyard 2 and 3: fine tuning needed

3/13/2024 10



Funded by the
European Union

~d
9

DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

Pick No Volume Value | Crane Id DropTime & [Material Id

L] - L]
215339 0 PR1O 11:58:27 C 14 AMIERINO NORMA. — 9085
Laser Scanner installation in scrapyard
215346 146 PRY 12:01:56 FRANTUMATO L 27705
- - - - 215355 144 PR13 12:02:52 D1-TORNITURA
* Volume distribution in the scrapyard T
» 215360 i liﬂ' PR13 12:05:11 B1-CESOIATO
. " " " . 215362 150| PR 12:06:19 B1-CESOIATO 81415
* Volume distribution of each layer inside the bucket s aan e
y 215368 156 PR13 12:07:45 .El-CESOIATU - 7827
215367 156 PRY 12:08:31 B1-CESOIATO
215375 149 PR9 12:09:19 D1-TORNITURA - 75125
215374 166 PR13 12:09:55 D1-TORNITURA
215380 169 PR13 121110 B1-CESOIATO - 7198
215381 9 PR9 12:12:05 v
215384 164 PR13 12:13:37 B1-CESQIATO - 6.8835
215393 164 PR13 121415 D1-TORNITURA
215396 164 PR13 12:14:58 .Dl-TOR.Nl'FURA |- 6569
215334 6 PRI 12:15:56 .FNNTUMATO
215397 6 PRY 12:17:08 D2+PROLER 62545

I— 594

&7 87 %
865

90

T = s T
8525 2625 87.25 8825 8925
X 85 g

270

3D map of Scrapyard Bucket layering

3/13/2024 11
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DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

Deep learning based computer vision for scrap identification
« Transfer learning was used to develop novel scrap identification algorithm
«  Computer vision model is trained on ~25000 images to detect post-consumer scrap category

[ COCODATASET '\

3/13/2024 12



HIYIELD

& &

Funded by the
European Union

DEMO CASE 1: Upgrading and intelligent use of post-consumer scraps

Online optimizer tool for bucket charge based on scrap availability

produced in EAF per heat

Anunsupervised Artificial Neural Network is tested on different combinations of bucket layering

A novel response function was designed based on electrical energy consumption and steel

3/13/2024
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DEMO CASE 2: Identification and tracking of pre-consumer scraps

Deep Learning - based scrap identification

Multiclass classification

(" h

Prediction

é.

Model recognizes classes with large Challenge: Distinguishing between scrap types
geometric differences very well that differ only by dimension or can be assigned

to several categories

3/13/2024 14
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DEMO CASE 2: Identification and tracking of pre-consumer scraps

Schematic overview of approach

Sorting the images into different
groups with the help of domain

Data Collection
[over a longer period of time ]

semi-automatic pre-processing
DL-based algorithmes for scrap identification trained (https://www.nature.com/articles/s41597-023-02662-6 )

DOES - dataset of European scrap classes published (https.//zenodo.org/records/8219163)

3/13/2024 15
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DEMO CASE 2: Identification and tracking of pre-consumer scraps

TR I'IF,‘FIIE Tl IJ

A demo unit for combined sorting and analysis was installed and

commissioned. .

. Tests with different material streams were performed and a set up
was implemented for further tests.

« Afirst Digital Scrap Information Card was created and sent to ;
partner with the material delivered.
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DEMO CASE 3: Enabling steelmaking to further increase scrap uptake and
improved utilization of alloys by providing high-speed sampling and analysis

High speed sampling and direct OES analysis at steelmaking

« Avoiding liquid steel temperature losses
* Reducing waiting times
«  Energy savings of 2% per batch

3/13/2024

Pneumatic setup finished v
Electrical setup finished v

PLC software v’

Siemens HMI Panel v

Foiling v

Setup of measuring equipment in
laboratory and testing v’
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DEMO CASE 3: Enabling steelmaking to further increase scrap uptake and
improved utilization of alloys by providing high-speed sampling and analysis

Industrial sampler verification
« A combination sampler of high-speed sampling and conventional
Lollipop sampling was developed and successfully tested

High-Speed-Sample 0200

0,150

Lollipop-Sample

0,100

0,050

0,000 — — — — R

Deviation

0,050

-0,100

0,150

-0,200

3/13/2024 18
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DEMO CASE 3: Enabling steelmaking to further increase scrap uptake and
improved utilization of alloys by providing high-speed sampling and analysis

Sampler modelling using MAGMASOFT

Optimization of sampler geometry

Pore volume on mould thickness and mould
material

Immersion depth, inlet length and inlet diameter on
flow behaviour

Impact of melt composition and melt temperature
on filling and solidification behaviour

3/13/2024
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Areas of pore formation
during solidification
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Contact:

Dr. Bjorn Glaser

Associate Professor/ Docent
égg % Head of Unit of Processes

%2’ KTH é&% KTH Royal Institute of Technology

) Y _ _ _ -
VETENSKAP Department of Materials Science and Engineering/
OCH KONST Unit of Process

S&’re ggg Brinellvagen 23, SE-100 44 Stockholm, Sweden
BK Phone: +46-8-790 83 39, Mobile: +46-70-054 11 53

bjoerng@kth.se
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