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CAESAR HEU project

CirculArity Enhancements by Low quality Scrap
Analysis and Refinement

ESTEP annual event
A Circular Economy driven by the European Steel
04/10/2023, Barcelona, Spain
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CAESAR

European project (Horizon Europe — Clean Steel Partnership)

Challenges to keep the EU steel sector competitive at global level and climate-neutral, in line EREH o
. . Enhancing the recycling of steel (e.g. scrap in BOF/EAF*) and its by-products,
with the European Green Deal and the CleanSteel Partnership. Resource effciency i
Pathways/ Smart Carbon Usage (SCU) Carbon Direct Avoidance
Groups (coA)
Stakes : bt | GthonGonamand
. . e . carbon Usage (CCU) Hydrogen ectric]
 EU Steel industry has to drastically reduce CO, emissions (eccs) fvccs) Yo | Sy
* Producing steel from iron ore consumes ~4 x more energy and produces 4 times more 000 e
CO, than from metallic iron Descipton| st snd ermerv=e' IR | =enecewtr
»  Pre-consumer scrap represents ~45% of the scrap used worldwide o Foplese curon

 ~55% comes from other processes and contains various type of pollutant (inert materials,
other metals, plastics, etc.) > post-consumer scrap

* Current trend: decrease in the pre-consumer scrap and an increase in the short- and
long-term of the post-consumer scrap stream.

* Nowadays, “low-quality” scrap not suitable for most steelmaking applications.

3: Melting
l technology

2: Metal oxide
reduction

5:CO/CO,
utilisation

6: Raw
materials

7: Heat
generation

4: Production
adjustment ’

12; Innovation
application

11: Downstream
process

Funded by the .. ‘A
European Union Grant N°: 101058520 &




/;:7/, Fundacion AV -JW-NN
(G TSN REYDESA  (BROLANFER Kiafee AR LET™Y KTomra

CAESAR

European project (Horizon Europe — Clean Steel Partnership)

Consortium

ismf)(g)coordmator Title : CirculArity Enhancements by Low quality Scrap Analysis and Refinement

AMBCRC (S) o

AMBD (L) Obijectives :

AMBe (B)

ﬁmFs(F)t < v' to identify new opportunities to use and reuse lower-quality scrap through a better comprehension of the scrap
Ro|an?2ra(g)( ) market and the opportunities provided by advanced characterization, sorting and cleaning technologies;

Reydesa (S) v" to support the production of high-quality steel products in the EAF and the increase of scrap rate at the converter;
Inatec (S) v" to develop and implement an industrial demonstrator of scrap sorting/cleaning based on innovative combination of
Azterlan (S) best available technologies.

Tomra Sorting (G)

KUL (B)

This project deals with enhancement of post-consumer scrap and addresses in particular:
* Mapping of scrap market and assessment of grades being exported out of EU;
Duration * Characterization of these scrap grades;
48 months e e . . . . . . .
Starting in June 2022 « Optimization of primary treatment (shredding, cleaning, magnetic separation, shearing);
« Validation of advanced multi-step upgrading;
CRM Contact * Advanced sorting ;
JC.Pierret «  On-line characterization (XRF, hyperspectral technics);
Total budget = 8029 k€ » Valorisation of residues: non-ferrous metals, carbonaceous material and mineral fraction;
Maximum Grant = 6295 k¢ * Industrial validation of quality improvement.

Funded by the
European Union

Grant N°: 101058520
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Consortium

Steelmaking

/ "%‘ Sestsc\‘
{ ArcelorMittal Demo3 | . ] ]
Rescarch | e - 3 steelmaking sites: 2 BOF, 1 EAF
TN Duskerque 2002/ - 6 R&D centers/university
>, ™, N\, Demol . . ] .
(G - 2 metal recyclers (with shredding/shearing and sorting
?7'”"‘““ equipment)
! INATEC i Technology developer . . e . .
A A, - 2 technology developers with specific cleaning technologies

\
* ArcelorMittal -
4 Baz

\'\

que Country I,’ '/ *

ab # I b
e / INZTERLANQ Y

—— !

i
\
1

i FEFRER CF A0 RESBARCK
AT TCHADLGCH S s b0

Metal recycling !

. KTOMRA
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- ) v £

/ "€ REYDESA i

EROLANFER
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Work program

\ -

WP2 : Mapping & Characterization of Current vs. Alternative Scrap )

- ArcelorMittal

o 1

<L

[ . - -

5 ~ \ Fundocién

E c WP3 : Scrap cleaning for residual and impurities a INATEC REYDESA

g .2 R . redulgltion

~ [0

c = pr——— #ROLANFER

o I — \_| |_, S WP5 : Residues Valorization

£ 3 WP4 : Scrap KKE;RM :

E : characterization and sorting ’a REYDESA

A ArcelorMitial - @ REYDESA =

: | min JT |

= ( ~N ~N '
Kk;kﬁ _ ‘ WP6 : Industrial validation of scrap quality and impact ArcelorMittal

. =%
WP1: Project Management Q\;RM .
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Mapping and characterization of current and alternative scrap

110
(Mt)
105

—e—Scrap consumption in the EU 27 —e—Scrap production in the EU 27

100

* EU produces lot of scrap
o * Variations agree with the global economy of Europe
a5 * Gap between scrap produced and consumed in EU 27

0 Covid e This gap widens since 2015

95

75

70
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

20
(Mt) —e—Imports of scrap into the EU 27
18

—e—Exports of scrap from the EU 27

16

Net exports of scrap from the EU 27

Scrap production higher than consumption = Europe is exporting scrap
Scrap imports in Europe remains at low level 2 EU 27 is net exporter
Phenomenon is increasing with time

14
12

10

Ferrous scrap is by far the first “waste” exported from the EU27.

8
6
.—__.\’——.\\0/’\0\._/
4
2
0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Mapping and characterization of current and alternative scrap

W Turkey W Egypt M Pakistan M India W USA
m Bangladesh m Indonesia m Switzerland m Morocco m Vietnam
W Norway W Kuwait M Belarus M China PR M Others

Exports ™ Alloy Steel Scrap

EG and EB

= Old & Demaolition Scrap - E1
&E3

W Remelting Ingots, Scrap
Iron, EHRM

= shredded & Incimeration -
E40 & E46

m Stainless Steel Scrap - Ni
[=8%]

w Stainless Steel Scrap - Ni
[=8%]

= Tinned Iron and Steel Scrap

Turmings - ESH & ESM

Funded by the o.
- European Union Grant N°: 101058520

m Mew Arisings & Bundles - E2,

2021:

» Turkey imported 2/3 of ferrous scrap leaving Europe

* Then came Egypt, Pakistan, the USA, Switzerland, India and
Moldova.

Almost same ranking in 2018

China, (15t world scrap user) takes only 1% of EU exportations.

~20Mt scrap could be used in EU industry without import but:

* < 10% of the scrap exported outside Europe is new scrap.

* >90% are post-consumer scrap of rather poor quality (E1 & E3
are major grades exported).

=» To be able to use such scrap grades to produce steel sheets,

need to find technical solutions to upgrade them.

N TOMRA

B |
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Mapping and characterization of current and alternative scrap

Scrap sampling is complex:

* Sampling is essential to make characterizations and calculate ViU sn Ni

e Scrap fragments are for some grades rather large (> 1 m for E1, S
E3, E2, E8),

e Old collected scrap (E1, E3) are very heterogeneous

e scrap cannot be grinded in fine powder.

Tramp
elements
levels

Mo

Pb

Environment
cleanliness

steriles Cl

Elastomers, Hg

polymers

Sampling on site

Funded by the o,
- European Union Grant N°: 101058520
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Mapping and characterization of current and alternative scrap

Scrap Characterization :
e Scrap piles bulk density
* Scrap density/volume in truck or wagon
e Scrap true density
e Size distribution
* Chemical content:

* Hand sorting

e Portable analyzer

* Magnetic separation

e Shredding

e Lab melting tests

* Industrial melting tests

Funded by the o.
- European Union Grant N°: 101058520
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Mapping and characterization of current and alternative scrap

Scrap Characterization :
e Scrap piles bulk density
* Scrap density/volume in truck or wagon
e Scrap true density
e Size distribution
* Chemical content:
* Hand sorting
* Portable analyzer
* Magnetic separation
* Shredding
e Lab melting tests
e 100 - 350kg induction furnaces
* CRM 1t plasma/EAF/SAF furnace
« AMMR 6t pilot EAF
* Industrial melting tests
 AM Sestao plant

Funded by the
European Union

Grant N°: 101058520
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Scrap cleaning for residuals and impurities reduction

Primary treatment optimization on E1, E3, HMS and E40
combination of shearing, shredding, magnetic separation and screening processes at partners premises
(Rolanfer and Reydesa) as well as on steel plants (cleaning machines).

Funded by the o,
- European Union Grant N°: 101058520
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Scrap cleaning for residuals and impurities

Advanced scrap cleaning
* Aspartel technology (E46 and E40)

Adaptable process: step order/inclusion/loops: f(%fines, % moisture) _
Fraction (FE) >40 mm

scrap
ROLLER STEP 1 STEP2 SCREENING MAGNETIC -
SCREEN CLEANING UPGRADING @>40 mm SORTING FE fraction <40 mm

To further sorting,

fines (ash, soll, fines (+rust, NF fraction <40 mm =— = =
batteries, NF metals...) coatings...) e.g. FOUCAULT
I 'S
______________________________________ J

e Kubota vertical shredder

Funded by the o.
- European Union Grant N°: 101058520

reduction
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Scrap characterisation and sorting

Characterization/sorting means:
*  XRF technology
* On-line (piece by piece) characterization

ORIGINAL LABEL FX10 RESULTS

e Vision and hyperspectral technologies

* Libs technology

* A.l. (neural network) to sort or detect steel scrap
* Density

* Magnetic...

Funded by the
European Union

Grant N°: 101058520
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Residues’ valorisation

oo -
p-E1 # -E’ % l:c‘SL
pe WP |5 8T |
Eg2 |
p-HMS » E § §’ G
. . . =8
Project aims to valorize all the treatment by- oo g | 382
p-WEEE" # : E"o"
. o O m Ed
products: P — DL
ROLANFER " *
T4.1. Automated chara ation (AMBCRC, REYDESA) o
* Non-ferrous metals
. . . R-p-WEEE i‘l §
R-p-E40 sl
 Carbon bearing materials (plastics, e i
-p-| 3 -
wood...) |
5 =
ot T3.1 Primary treatment @ % 1
. . optimisation (E1, E3, HMS*) g = E
* Mineral fraction REYDESA £y 3
Teo
E -
® §§
53
. . . T3.2 Advanced cleaning 28
Work on the optimization of separation steps (€40, E48.p.£1 ot
AZTERLAN X
U-c-E40-Al ,,‘2 g
§ . Uc-E46-Al
] - UoEA AZT melting tests & charact.:
3 'g, . + Al as steel deoxidaser
2 : U-c-E40-Cu & promoter,
H b ) E U-c-Ed8-Cu caest iron U- [c-E4Dic-Ed6/c-E1]-Al
5 ] | 2 |8 upesa UeEtc U- [c-EAUCEASCET-Cu | 5 =
Y 3| 9 |3 upweEEAI > ol
= ° = kil CRMAMMR melting tests & charact E =
Up-Et-min U-p-E1-C 3 U-p-E3-Cu e, e fesis & eharac c=
s o Lose ¥ - e £23
U-p-HMS-min U-p-HMS-C U- [p-E3/p-WEEE/p-HMS]-Al 7~ E ‘.2 g ‘\_
S e U- el | U- [p-E3/p-WEEE/p-HMS].-Cu e % E% =~
=L
U<-E1-C _ - U- [c-E40lc-E4Blc-E1]-C é E g
v " ”.“’ \-'Hh;:rl_-:ﬁ.tlnr[ CRM melting tests & charact. o ; b <
M rejected fraction (CRM) + Gefraction as reducing/fuel agent, slag foaming @ 2
INA: C.fr As WDF patential uses g
- e-Ed0min U-[p-E1/p-E3/p-WEEE/p-HMS/E40]-C —F
U-c-Ed6-min 1
L'I-‘:-E‘-'“—I" e CRM melting tests & charact.: 1
v + min-fration as slag conditionsr 1
= * Fe oxide fines as pig iron (L) in EAF :

U-[p-E1/p-E3/p-WEEE/p-HMS/E40/c-E1/c-E40/c-E4]-min?777
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Residues’ valorisation

Non-ferrous metal fraction separation:

e Stainless steel —
remaining

A

* Copper

* Brass C-containing C-containing
. Non ferrous e ss
* Zinc

e Lead

Al, brass,
Cu, Pb, Zn

REYDESA =
TOMRA

Funded by the
European Union
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Residues’ valorisation

Carbon-bearing material to be recovered as coal replacement or as waste derived fuel depending on
specifications

Mineral fraction :

» Applicability in steelmaking processes (slag conditioner...)
e External valorization

* Recovery of metals by smelting reduction (alternative ore)

C-bearer material

Example, shredding filter dust

Alternative ore

Funded by the o,
- European Union Grant N°: 101058520
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Residues’ valorisation

Carbon-bearing material to be recovered as coal replacement or as waste derived fuel depending on
specifications

Mineral fraction :

» Applicability in steelmaking processes (slag conditioner...)
* External valorization

* Recovery of metals by smelting reduction (alternative ore)

15° maxi

Mode 1 - ‘Free Arc’ Mode 2 - ‘Transferred Arc’  Mode 3 - ‘Submerged Electrodes’ Mode 4 - ‘Bottom Electrode’

L

P\

L5 °
|

|

Plasma EAF SAF

Funded by the o,
- European Union Grant N°: 101058520
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Industrial validation of scrap quality and impact

Industrial melting trials performed at AM Sestao, Fos and Gent plant on raw low-quality scrap.

Optimized treatment scheme will be validated at real-size on bot EAF and BOF

LCA analysis

Baseline scenario

/ (E1, E3, HMS, WEEE, E40, E46) \

EolL scrap
- conventional
preparation for
recycling

Conventional manufacture of
typical steel products with low

quality scrap in charge mix

E—

—

N

(E1/E3/HMS/WEEE/E40/E46)

RN

Funded by the
European Union

Grant N°: 101058520

—

(E1, E3, HMS, WEEE, E40, E46)

EoL scrap Additional NF rejects
conventional scrap recovery/
preparation for upgrading disposal

recycling processes in CAESAR

Manufacture of typical steel products
with upgraded low quality scrap in
charge mix
(upgraded E1/E3/HMS/WEEE/E40/E46)
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CAESAR HEU project

The research leading to these results has been performed within the CAESAR project
(website address) and received funding from the European Community's Horizon 2020
Programme (RFCS) under grant agreement n° 101058520

Funded by the o A
European Union Grant N°: 101058520 E
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