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il ESTEP Focus Group Circular Ecomony

Surcpsan Steel Teclnology Platferm
62 Members company q
T ™
SRS O
m Steel producer e b

W tech provider

u RTO " E STE P Circular Economy

Association Easapenn Stosk Tochnology Matferm Circular economy & sustainability
I
Q . Competence
Training .
sharing
—
: Implementation
Members by route Q Design P i .
= by projects
m Mainly EAF EEm——
®m Mainly BF/BOF . - -
® Rolling Only |/V’ Innovation / Dissemination )
Uptake

Contributions to CSP SRIA - CDA & SCU-PI

chrome-extension://efaidnbmnnnibpcajpcgliclefindmkaj/https://www.estep.eu/assets/Publications/2024-
CSP-SRIA-v2.pd,
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“.. ESTEP

Eyrcosan Stasl Tackanlane Platfeem

Main topics and actions 2022-2025

MOSt important topics for FG CE 3. Secondary carbon carriers (Einzelne Wahl) =
2021/22 Su rvey Workshop

1. Please give the two most important topics that you think FG CE
should be working on within the next 2 years? (Max 2 answers) Position paper (or state-of-the-art journal paper)

Mehrfachauswahl

(P8 )

Metal and/or mineral recovery from filter dusts EU project proposal

S— . |

4. Slag processing and utilization (Einzelne Wahl) *
Scrap yard management ( eNEEEEY
e

5
3
2
=

Secondary carbon carriers

Preferred action for the Position paper (or state-of-the-art journal paper)
Slag processing and utilization 44 ESTEP tasks

EU project proposal

Digital tools
—--
) ) 5. Digital tools (Einzelne Wahl
Some details about the topics Task
1) Pyrometallurgical or leaching processes o
Workshop with FG SF

2) Metal scrap tracking and handling by neural networks/ industrial application, characterization/ sorting/ cleaning

3) Waste plastic, carbon fiber-reinforced polymers, automotive shredder residues, bio-based residues (food/ agricultural/ wood), use as
granulate in BF/ EAF, as gasified alternative reducing agent, material processing (carbonization, drying, torrefaction) to be integrated in

existing steel plants

Position paper (or state-of-the-art journal paper)

4) Dry slag granulation, DR-EAF slag for cement, LF slag in lime value chain, slags from low-grade ore processing (smelter) EU project proposal

5) Dynamic environmental impact analysis, simulation and optimization of by-product pre-treatment evaluation (e.g., slag reuse), digital
tracking of secondary raw materials (scrap, metallic residues...), new management systems for circularity performance

07 March 2025




" ZESTEP 2025 Survey

Needs for R&D activities to increase the Circular Economy within the iron
and steelmaking sector

Initiative launched by the Focus Group “Circular Economy” of the European Steel
Technology Platform

https://www.surveymonkey.com/r/BRCSWXY

ESTEP Home Page : https://www.estep.eu/
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:*{;TEP Prellmmary outcomes from the survey: statistics on respondents

European Steel Technology Platform

Type of institution
# of answers gathered so far: 75

m Steel industry

Countries

m Technology provider

2,67% _ 1,33% m Austria

10,67% = Belgi
elgium m Research Institute
1,33% .

® Finland

® France ®m Academia/Education

a3\
SN

1,33%
Ve ® Germany - other

P = Italy
< m Luxembourg Membership to ESTEP Membership to the CE Focus Group

®m Romania
m Spain

B Sweden
34,67%

m UK NO
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European Steel Technology Platform

Envisaged contribution of Circular Economy in the Area of
Intervention Carbon Direct Avoidance

INCREASE THE RESIDUES USE IN THE DR-EAF ROUTE. m
WIDEN THE APPLICATION OF SLAGS FROM THE DR-EAF ROUTE.
INCREASE THE RESIDUES USE IN THE DR-SAF ROUTE.

WIDEN THE APPLICATION OF SLAGS FROM THE DR-SAF ROUTE.

OTHER
1st priority

2nd priorit\y

|
0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00% 100,00%

Other sugested contributions (selection):

* Widen the reuse of old existing slags from BF-BOF route

* Recycling of DRP dust and sludge and DRI fines in conventional BF/BOF
route during the transition phase, e.g. cold bonded agglomerates into BF,
increased rate of byproducts in sinter mixes

* Use of low-value iron carriers (DRI from low-grade ore, iron fractions from
by-products, post-consumer scrap,...) for low-C melting processes

* Circular economy applied to energy

* Increase low-CO, recycling of residues from EAF-route including sector-
coupling potential

* Heat-recovery from slag treatment

07 March 2025 I

Envisaged contributions to CDA and SCU-PI

Envisaged contribution of the Circular Economy in the Area of
Intervention Smart Carbon Usage - Process Integration

RECOVERING METALS AND MINERALS FROM RESIDUES.

RESIDUES AS AUXILIARY REDUCING AGENT.

RESIDUES AS AUXILIARY FOAMING AGENT.

RESIDUES AS ENERGY SOURCE.

1st priority
OTHER

2nd priority

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00% 100,00%

Other suggested contributions (selection):

* Assess the possibility to use an existing coking plant infrastructure for
the processing of bio-based secondary carbon carriers (pyrolysis
process to produce biochar and a H,-rich syngas)

* Removal of nonferrous metals from steel mill external by-products
(active material/black mass from Lithium-lon Batteries for a reuse as
alloying additive) e.g., by bioleaching (bio-hydrometallurgical approach)




- — Envisaged contributions to supporting actions

European Steel Technology Platform

Envisaged role of Circular Economy in supporting actions Other envisaged roles of Circular Economy in
u improving performance of processes (selection):

TOOLS FOR MONITORING AND CONTROL OF MATERIAL FLOWS.

Innovative revenue opportunities and strengthening partnerships

across the supply chain:

* New collaborations and business models by turning waste
streams into valuable resources by opening Closed-loop solutions
that deliver circularity to regional economies.

| ] * Steel making Service - a material recovery service to other

B O e A industries (Construction, Automotive etc).

* To benchmark the initiatives taken by other stakeholders

SOCIETAL IMPACT ASSESSMENT.

1st priority
OTHER
2nd priority

Other suggested contributions (selection):
* Enable a legislative framework which helps circular Economy

* Unification of regulatory aspects concerning the recovery and re-use of Circularity of water

residues and by-products. « Sustainable water treatment and recirculation of water resources
* Improve the European competitiveness also in terms of business and * Recovery and reuse of waste oils from rolling mills

economic aspect through synergies between industries and civil sector. ¢ Recovery and reuse of steel cycle residues from wastewater
e Bigger waste generation of the steel value chain is indeed in mining. treatment such as sludge from gas washing

Although the iron ore comes mainly from outside Europe, mining
investors and external stakeholders will start considering the full
circularity of the value chain and not only of steel production processes.

* Water recycling for new H,-based DR-EAF/SAF-route (e.g. in
combination with FG LC & EE for energy and media) including
sector-coupling potential

e Support Academia and education organizations in development of new
educational paths for future professionals

07 March 2025
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e Scrap treatment and management

European Steel Technology Platform

level of interest Topic priorities:

= Low
= Medium

* High

1. Yard management
2. Mechanical cleaning and sorting

33,33%

3. Charge mix scarp/DRI

SCRAP TREATMENT: MECHANICAL SCRAP TREATMENT: CHEMICAL SCRAP YARD MANAGEMENT: OPTIMAL CHARGE MIX BETWEEN
CLEANING AND SORTING CLEANING METAL SCRAP TRACKING AND SCRAP AND DRI-> FULL SCALE
HANDLING BY MACHINE LEARNING PROJECT.
/ INDUSTRIAL APPLICATIONS

possible actions

= Workshop/webinars

® Joint publications Actions

2nd priority Position papers

1st priority

® Generation of common prr

W i

3,47%

1. Generation of common projects

2. Workshops

SCRAP TREATMENT: MECHANICAL SCRAP TREATMENT: CHEMICAL CLEANING ~ SCRAP YARD MANAGEMENT: METAL  OPTIMAL CHARGE MIX BETWEEN SCRAP
CLEANING AND SORTING SCRAP TRACKING AND HANDLING BY AND DRI-> FULL SCALE PROJECT.
MACHINE LEARNING / INDUSTRIAL

APPLICATIONS _




X * % ﬁ . . . .
: éﬂsp Recovery of Zinc and mineral fraction from filter dust

European Steel Technology Platform

level of interest u Low
1st priority m Medium Topic priorities:
2nd priority = High

1. Pyro-metallurgical

2. Electro-chemical

PYRO-METALLURGIC REDUCING PROCESSES LEACHING PROCESSES ELECTRO-CHEMICAL PROCESSES

= Workshop/webinars

® Joint publications Action

® POSItion papers

possible actions

= Generation of common projects

= ' = 1. Workshops

2. Generation of common projects

PYRO-METALLURGIC REDUCING PROCESSES LEACHING PROCESSES ELECTRO-CHEMICAL PROCESSES _
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European Steel Technology Platform

Reuse of refractory waste

= Low

level of interést
1st priority = Memtn TOpiC priorities:

2nd priority m High

1. New products from waste

EAF AND LF GUNNING / NEW PRODUCTS WITH MAGNESIA AND ALUMINA BASE REFRACTORY WASTE

pOSS|b|e aCtldns = Workshop/webinars

® Joint publications

Action

Position papers

® Generation of common projects

 Other 1. Workshops
2. Generation of common projects

EAF AND LF GUNNING / NEW PRODUCTS WITH MAGNESIA AND ALUMINA BASE REFRACTORY WASTE

07 March 2025
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European Steel Technology Platform

Slag processing and utilisation /1

1t priority Level of interest - it
2nd priority ' m bdedium
53,199 = I--I||§‘I1

JEX 0« 12, = —
10,42% 10,20
4,17%
SLAG PROCESSIG: SLAG PROCESSIG: WET SLAG PROCESSIG: DRY  SLAG UTILISATION: EAF SLAG SLAG UTILISATION: EAF-DRI SLAG UTILISATION: LF SLAG  SLAG UTILISATION: BOF RARE EARTHS RECOVERY STEEL SLAG CARBONIZATION SLAG CHARACTERIZATION
MECHANICAL GRANULATION GRANULATION GRANULATION AS BLASTING MATERIALAND SLAG IN CEMENT IN LIME VALUE CHAIN SLAG IN AGRICULTURE FROM SLAGS AND SLUDGES TO FIX THE CARBON AT LIQUID AND SOLID STATE
IN ASPHALT CONTENT AND DATA GENERATION

FOR PUBLIC USAGE

Topic priorities:

EAF/DRI slag in cement

LF in lime

Slag characterization (liquid and solid)
EAF as blasting and asphalt

B wn e

Nl

Dry granulation
6. Rare earths recovery from slag and sludge

07 March 2025




: éwp Slag processing and utilisation /2

European Steel Technology Platform

= Workshop/webinars

1st priority Possible actions

2nd priority

® Joint publications

» Position papers

5

= Generation of common projects

® Other

4 - .
,65% | : 2.44% 2,33% A,35% | s r.esx s N
SLAG PROCESSIG: SLAG PROCESSIG: WET SLAG PROCESSIG: DRY SLAG UTILISATION: EAF SLAG SLAG UTILISATION: EAF-DRI  SLAG UTILISATION: LF SLAG SLAG UTILISATION: BOFSLAG RARE EARTHS RECOVERY STEEL SLAG CARBONIZATION SLAG CHARACTERIZATION AT
MECHANICAL GRANULATION GRANULATION GRANULATION AS BLASTING MATERIALAND SLAG IN CEMENT IN LIME VALUE CHAIN IN AGRICULTURE FROM SLAGS AND SLUDGES TO FIXTHE CARBON LIQUID AND SOLID STATE
IN ASPHALT CONTENT AND DATA GENERATION FOR
PUBLIC USAGE
Action

1. Generation of common projects

2. Workshops

07 March 2025




L ZaEr Alternative non-fossil Carbon sources

European Steel Technology Platform

W Low

Level of interest

R m Redium

High

36,96%|

37,78%(37,78%

32,61%|

12,77%

\ l |

POLYMERS FORM WASTE  POLYMERS FORM WASTE  POLYMERS FORM WASTE TYRES: CHARGE ASLUMP IN  TYRES: INJECTIONAS  END-OF-LIFE CARBON FIBER END-OF-LIFE CARBON FIBER END-OF-LIFE CARBON FIBER BIOGENIC CARBON BIOGENIC CARBON AUTOMOTIVE SHREDDER ~ AUTOMOTIVE SHREDDER ~ AUTOMOTIVE SHREDDER
PLASTIC: GASIFICATION TO PLASTIC: CHARGE AS LUMP  PLASTIC: INJECTION AS EAF BUCKET GRANULATED IN BF AND  REINFORCED POLYMERS:  REINFORCED POLYMERS:  REINFORCED POLYMERS: SOURCES: CHARGE AS SOURCES: INJECTION AS  RESIDUES: GASIFICATION RESIDUES: CHARGE AS RESIDUES: INJECTION AS
GENERATE A SYNGAS AS IN EAF BUCKET GRANULATED IN BF AND EAF GASIFICATION TO CHARGE AS LUMP IN EAF INJECTION AS GRANULATED  LUMP IN EAF BUCKET GRANULATED IN BF AND TO GENERATE ASYNGASAS  LUMP IN EAF BUCKET GRANULATED IN BF AND
ALTERNATIVE REDUCING EAF GENERATE A SYNGAS AS BUCKET IN BF AND EAF EAF ALTERNATIVE REDUCING EAF
AGENT ALTERNATIVE REDUCING AGENT
AGENT

Topic priorities:

1. Biogenic material injection in EAF and BF
2. Polymers injection in EAF and BF

3. Biogenic lump in EAF baket
4. ASR injection in EAF
5. Eol carbon fiber injection in BF & EAF

07 March 2025




L ZaEr Alternative non-fossil Carbon sources

European Steel Technology Platform

= Workshop/webinars

Possible actions 5

i Position papers

= Generation of common projects

= Othar

4

4

26,199
4 B
B | 4 38 i
POLYMERS FORM WASTE - POLYMERS FORM WASTE  POLYMERS FORM WASTE  TYRES: CHARGEASLUMP  TYRES: INJECTIONAS ~ END-OF-LIFECARBON  END-OF-LIFECARBON  END-OF-LIFE CARBON BIOGENIC CARBON BIOGENICCARBON  AUTOMOTIVESHREDDER AUTOMOTIVESHREDDER AUTOMOTIVE SHREDDER
PLASTIC: GASIFICATION TO PLASTIC: CHARGE AS LUMP  PLASTIC: INJECTION AS IN EAF BUCKET GRANULATED INBFAND  FIBERREINFORCED FIBER REINFORCED FIBER REINFORCED SOURCES: CHARGEAS  SOURCES: INJECTIONAS  RESIDUES: GASIFICATION  RESIDUES:CHARGEAS  RESIDUES: INJECTIONAS
GENERATE A SYNGASAS IN EAF BUCKET GRANULATED IN BF AND EAF POLYMERS: GASIFICATION  POLYMERS: CHARGEAS  POLYMERS: INJECTIONAS ~ LUMP INEAF BUCKET ~ GRANULATED INBF AND TO GENERATE ASYNGASAS  LUMP INEAF BUCKET  GRANULATED INBF AND
ALTERNATIVE REDUCING EAF TO GENERATE A SYNGASAS  LUMP IN EAF BUCKET GRANULATED IN BF AND EAF ALTERNATIVE REDUCING EAF
AGENT ALTERNATIVE REDUCING EAF AGENT
AGENT

Action
1. Workshops

2. Generation of common projects
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European Steel Technology Platform

Level of interest " Low

® Medium
54,35

Hrgh

8,70% 8,70%
6,52% 4,35%
IRON RECOVERY FROM DIGITALISATION: DIGITALISATION: () ~ CO2 ALLOCATION IN BY- CO2 SEQUESTRATION IN  POSSIBILITY OF REVISION MODELS TO FORECAST INTELLIGENT INDUSTRIAL ~ FREE CRVI- RELATED
RED MUD MONITORING FOR (1) SIMULATION AND PRODUCTS BY-PRODUCTS OF SLAG ATLAS + SLAG BEHAVIOUR WATER NETWORKS ISSUES
SLAG REUSE SCENARIO  OPTIMISATION; (Il) BY- STANDARDISATION STARTING FROMSOLID  MANAGEMENT AND
ANALYSES; (11) DYNAMIC PRODUCTS PRE- SLAG CHARACTERIZATION ~ WATER EFFICIENCY
ENVIRONMENTAL IMPACT TREATMENTS
ANALYSIS (ON-LINE LCA) EVALUATIONS = Workshop/webinars

u Jont publications

Possible actions podkion s

l ®u Generation of common projects

® Other

B 2 E

0,00% ‘ 4,88% 2,50% o 2,56% ’
IRON RECOVERY FROM RED DIGITALISATION: DIGITAUSATION: (1) CO2ALLOCATIONINBY-  CO2 SEQUESTRATION INBY- POSSIBILITY OF REVISION OF MODELS TO FORECASTSLAG  INTELLIGENT INDUSTRIAL  FREE CRVI- RELATED ISSUES
MUD MONITORING FOR (1) SLAG SIMULATION AND PRODUCTS PRODUCTS SLIAGATLAS + BEHAVIOUR STARTING FROM WATER NETWORKS
REUSE SCENARIO ANALYSES;  OPTIMISATION; (11) BY- STANDARDISATION SOLIDSLAG MANAGEMENT AND WATER
(11) DYNAMIC PRODUCTS PRE-TREATMENTS CHARACTERIZATION EFFICIENCY

ENVIRONMENTAL IMPACT EVALUATIONS
ANALYSIS (ON-LIN /\

07 March 2025

Other topics

Topic priorities:

1. Water managment
2. Digitalisation

3. CO, allocation in product
4. Forecast slag behavours

Action

1. Generation of common
projects

2. Workshops
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Other suggestions

Standardization

* Standardizing by-product definitions, consistent testing protocols, and digitalized traceability. Possible actions include
workshops/webinars, position papers, and joint projects that can foster practical progress.

e Ajoint position paper with all the actors in slag production and recovery value chain could help developing a real
standardization document at EU level to be submitted to the Commission.

* Schedule meeting with standardization bodies and industries to develop a common strategy on circular economy concept
to boost and enlarge the utilisation of residues across more industrial sectorstarting (shared agenda).

* Update resources like the Slag Atlas to ensure unified guidelines and broader impact across the steel value chain.

* LCA modelling standardization, overview of waste legislation to give guideline for EU uniformity, re-use vs. recycling.

Enlarge participation at FG CE of stakeholders

* Include topically recycling companies into the CE FG --> scrap recycling (TSR ...), Slag treatment (Harsco), Dust recycling
(JGI), ....

* Develop cross-sector collaborations (e.g., cement, chemicals) to ensure unified guidelines and broader impact across the
steel value chain.
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European Steel Technology Platform

Needs for R&D activities to increase the Circular Economy within the iron
and steelmaking sector https://www.surveymonkey.com/r/BRC8WXY
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