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Waste Management & Environmental Compliance / 2

Influence of Granulation Media on the Reactivity of Electric Arc
Furnace Slag as Supplementary Cementitious Materials
Author: Anton Andersson1

Co-authors: Sung Hwan Park 2; Su Min Hwang 2; Fredrik Engström 1; Joo Hyun Park 2

1 Luleå University of Technology, Process Metallurgy
2 Hanyang University, Department of Materials Science and Chemical Engineering

CorrespondingAuthors: gpahfls0609@naver.com, fredrik.i.engstrom@ltu.se, anton.andersson@ltu.se, a23443@naver.com,
basicity@hanyang.ac.kr

The transition to hydrogen-based reduction processes will alter slag compositions and volumes in
ore-based steelmaking, with potential consequences for the established industrial symbiosis between
steel and cement sectors. Presently, ground granulated blast furnace slag is widely utilized as a sup-
plementary cementitious material (SCM), replacing clinker and thereby lowering the carbon inten-
sity of cement production. As blast furnaces (BFs) are expected to be locally replaced, alternative
SCM sources from future ore-based steelmaking must be assessed. One such future route is the
melting of hydrogen direct reduced iron in electric arc furnaces (EAFs), which generates slags that
could be valorized as SCMs provided they are vitrified during granulation. Since granulation tech-
nologies involve different cooling rates and associated costs, the influence of granulation media on
slag vitrification and reactivity is of particular interest. In this study, synthetic EAF and BF slags
were granulated at laboratory scale using both water jets and air blasting. Continuous cooling trans-
formation experiments using hot-stage confocal laser scanning microscopy showed that, relative
to EAF slag, BF slag underwent greater supercooling prior to crystallization and exhibited lower
growth rate. This was confirmed by the granulation experiments, where air granulation drastically
reduced the amorphous fraction of EAF slag, while BF slag achieved nearly full vitrification with
both media. The inherent reactivity, assessed by R3 isothermal calorimetry, reflected this difference:
EAF slag reactivity was strongly dependent on granulation medium, whereas BF slag reactivity was
less affected. Energy dispersive X-ray spectroscopy indicated similar glass compositions within the
respective slag types, suggesting that the observed reactivity differences are linked primarily to vit-
rification and thermal history rather than chemistry. These findings underline the critical role of
granulation media in pursuing EAF slag valorization as SCMs.

Speaker Country:

Sweden

Speaker Company/University:

Luleå University of Technology

Innovations in EAF Technology II / 3

Sulphur control as part of steelmaking transition. Challenge or
opportunity
Author: Bojan Vucininc1

1 Danieli & C.

Corresponding Author: b.vucinic@danieli.it

Improving the quality of steel has been a matter of routine for metallurgical engineers and steel-
making companies in a demanding market for quality products. The traditional Electric Arc Furnace
process has the lowest carbon emission compared to the integrated route, making it the best route
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for green steel production. In addition, the industry is focused on ensuring that high-quality steel
products can be produced smoothly, immediately after the transition.
One of the challenges is controlling sulfur residual in steel, which is critical for certain applications
and has “secondary / additional”impact on overall steel cleanliness. Lesson learned frommarket with
different feasibility studies, investigations and accumulated know how from long list of projects for
different flat products, including thick and thin casting processes are summarized and reported in
article.

Speaker Country:

Italy

Speaker Company/University:

Danieli & C.

Recent progress and new developments in CCS/CCU / 4

Production andEvaluation of aCarbon-RecycledCarburizingAgent
to Promote the Melting of Direct Reduced Iron
Authors: Ryota Higashi1; TAICHI MURAKAMI2

1 Graduate School of Environmental Studies, Tohoku University
2 Tohoku University

Corresponding Authors: taichi@material.tohoku.ac.jp, ryota.higashi.a2@tohoku.ac.jp

Global crude steel production has shown a steady increase in recent years, with approximately 70%
produced via the blast furnace–basic oxygen furnace (BF–BOF) route and the remaining 30% by the
electric arc furnace (EAF) process. The BF–BOF route consumes a large amount of fossil-based car-
bon materials, resulting in significant CO₂ emissions. Therefore, the transition from the BF–BOF
process to the EAF process is considered a key pathway toward achieving carbon-neutral steelmak-
ing. The EAF process produces molten iron by melting metallic scrap and direct reduced iron (DRI)
using electric arc heat. Although it is a greener process with lower carbon consumption, a certain
amount of carbon must still be added to lower the melting point of iron and to promote slag forma-
tion, which protects the furnace lining. Thus, even in EAF steelmaking, the use of carbon-neutral
carbonaceous materials is essential.
Previous studies have explored the use of biomass as a carburizing agent. Biomass-derived carbon
exhibited a dissolution rate of metallic iron comparable to that of anthracite, indicating its potential
as a renewable carbon source. However, biomass supply is limited by availability, logistics, and cost,
making it difficult to support large-scale steel production. To overcome this limitation, new sustain-
able carbon supply routes must be developed.
In this study, we focus on carbon capture and utilization (CCU) technology to recycle carbon emit-
ted from steelmaking processes. We propose a novel approach in which the off-gas from the process
is reformed using a metallic iron catalyst to recover solid carbon for reuse. The recovered carbon
mainly consists of fibrous carbon several hundred nanometers in diameter and fine iron carbide
particles. When this deposited carbon is briquetted with metallic iron particles and subsequently
heated, it demonstrates excellent melting characteristics due to enhanced interfacial reactivity.
In situ observation experiments revealed that briquettes containing the deposited carbon melted at
lower temperatures than those using conventional graphite as a carburizing agent. This result indi-
cates that the deposited carbon promotes earlier melting and efficient heat transfer. The proposed
CCU-based carbon recycling route offers a promising solution for reducing both carbon consumption
and CO₂ emissions in EAF steelmaking. Overall, this study provides a new perspective on utilizing
recovered carbon as a functional and sustainable carburizing material, contributing to the realization
of truly carbon-neutral steel production.

Speaker Country:

Japan
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Speaker Company/University:

Tohoku University

Energy Efficiency and Consumption Reduction / 5

iRecovery® and Heat Leap: Strategic Solutions for Efficiency and
Low-Carbon Steel Production
Author: Mattia Benetti1

1 Tenova

Corresponding Author: mattia.benetti@tenova.com

Electrical steelmaking is at the forefront of sustainable innovation, delivering major gains in energy
and resource efficiency. Yet, even today, up to 30% of the energy input in EAF steel production
escapes through off-gas emissions—representing lost value and increased environmental impact.
Tenova’s iRecovery® system transforms this challenge into an opportunity. By capturing the ther-
mal energy in EAF waste gas, iRecovery® converts it into steam through an advanced evaporative
cooling process. This steam can be reintegrated into the steelmaking cycle for internal use (e.g.,
vacuum degassing) or used to generate clean electrical power or for district heating.
Decarbonization with large EAFs requires a rapid reduction of off-gas temperature, which means
absorbing a massive amount of energy very quickly. iRecovery® is the ideal solution because it
achieves this goal without introducingmoisture—avoiding an increase in gas volume and filter size—
while simultaneously generating clean energy in the form of steam and electricity. It is the smartest
way to manage primary energy in large-scale EAF operations.
But the energy recovery potential does not stop there. The concept of Heat Leap introduces an addi-
tional layer of efficiency: a high-performance heat pump that leverages the thermal power extracted
from the EAF cooling circuit and combines it with the electrical input of the pump to deliver extra
heat to district heating networks. This approach transforms residual energy into a valuable resource
for urban infrastructure, reducing fossil fuel dependency and supporting circular energy models. By
integrating Heat Leap with iRecovery®, steel plants can not only minimize energy waste but also
become active contributors to sustainable city heating systems—creating a synergy between indus-
trial processes and community energy needs.
The result: reduced energy waste, lower costs, and a greener steel production process that extends
its benefits beyond the plant boundaries. iRecovery® and Heat Leap systems together represent a
strategic enabler for decarbonization, efficiency, and competitiveness in modern steelmaking. This
combined approach positions steel plants as key players in the global transition toward low-carbon
economies, reinforcing their role in shaping a sustainable industrial future.

Speaker Country:

Italy

Speaker Company/University:

Tenova

Successful implementation of electric steelmaking technologies & Best practices / 6

Nozzle, skids and demisters have big influences on cleaning effi-
ciency in off gas systems
Author: Arndt Wilhelmi1

Page 3



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

1 Lechler GmbH

Corresponding Author: arndt.wilhelmi@lechler.de

In order to comply with the stricter environmental regulations, efficient cleaning of the process
and waste gases is crucial. In this context, even small, cost-negligible components such as nozzles
and separators play an important role, as they have a significant influence on trouble-free, low-
maintenance production and environmental regulations.
Lechler is a well-known manufacturer of nozzles and spray technology for various applications. The
product range includes a variety of nozzles.
EAF have batch operations with frequent heating and cooling cycles. This rapidly varying heat load
requires that droplet sizes and water flow rate respond maintain the desired temperature without
causing any wetting and precise distribution of liquids in gases or aerosols.
In order to be able to select nozzles for the individual metallurgical processes, a wide range of criteria
must be taken into account, which requires appropriate metallurgical process knowledge. The fol-
lowing things have to be considered for the nozzle selection: Energy saving and efficiency, droplet
size distribution, efficiency, application-specific design and adapted control technology are decisive.
On the other hand, other criteria are decisive for separation: emission reduction, improvement of
air quality, recycling of process fluids and thus an increase in process efficiency. This combined
knowledge makes Lechler a unique partner.
This paper highlights a case where Lechler spray technology played a crucial role in solving mill’s
persistent off gas cleaning issue.

Speaker Country:

Germany

Speaker Company/University:

Lechler GmbH

Energy Efficiency and Consumption Reduction / 7

Multi-Stage Waste-Heat Recovery and Furnace Optimization in
Seamless Pipe Production: A Case Study at Atieh Partak Pipe In-
dustries
Authors: Alireza Mohammadi Fesharki1; Mehdi Eslamian Koupaie2

1 Atieh Partak Pipe Industries
2 Atieh Partak Pipe Industry, Islamic Azad University (Isfahan Branch)

Corresponding Authors: 7532am@gmail.com, 67mehdi@gmail.com

Enhancing thermal efficiency and reducing operating costs are critical objectives in seamless pipe
production, particularly in processes where billet preheating constitutes a major portion of total
energy demand. In rotary hearth furnaces operating at billet temperatures near 1280 ℃, a signif-
icant fraction of the fuel input is released as high-enthalpy flue gases, representing a valuable but
underutilized source of recoverable energy. This study investigates the technical and economic feasi-
bility of converting this waste heat into electrical power through an integrated Heat Recovery Steam
Generator (HRSG) and Organic Rankine Cycle (ORC), while also examining furnace-level process
optimization strategies. At Atieh Partak Pipe Industries, a strategic reduction in annual production
capacity—from 400,000 to 150,000 t/year—prompted a preliminary engineering assessment to evalu-
ate the elimination of the billet preheating furnace and the exclusive operation of the rotary hearth
furnace as the primary heating unit. A comprehensive case study was subsequently conducted to
quantify the recoverable thermal energy in the furnace exhaust and to assess its potential for power
generation.
The methodology incorporates field measurements and energy–exergy analyses to characterize the
exhaust temperature profile, mass flow rate, and gas composition. Three waste-heat recovery config-
urations were modeled: a high-temperature HRSG coupled with a small steam turbine, a dual-stage
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HRSG–ORC system, and a ceramic recuperator integrated with a low-temperature ORC. Results in-
dicate that, depending on operating conditions, several hundred kilowatts of electrical power can be
generated. Overall, the proposed configurations are shown to be technically feasible and economi-
cally advantageous for the plant.

Speaker Country:

Iran

Speaker Company/University:

Atieh Partak Pipe Industries

AI and Machine Learning in Process Optimization II / 8

AI Assisted Thermal Modelling for Advanced Furnace Control
and Process Optimization

Author: Julian Naveira1

1 John Cockerill Industry

Corresponding Author: julian.naveira@johncockerill.com

John Cockerill is developing AI-assisted enhancements to its physics-based furnace control models
to improve process efficiency and stability in steelmaking. Building on the Line Thermal Optimiza-
tion Process (LTOP) experience, this work explores how artificial intelligence can refine transient
anticipation, heat transfer estimation, and adaptive response under changing operating conditions.
The hybrid approach combines physical modelling with data-driven learning to reduce temperature
overshoots and improve overall energy efficiency. The presentation will discuss the concept, pre-
liminary results, and perspectives for integrating AI into model-based control to support higher
performance and sustainability in future steel production lines.

Speaker Country:

Belgium

Speaker Company/University:

John Cockerill SA

New and emergent ironmaking Technologies II / 9

Volteron™: Scalable Electrochemical Ironmaking forCarbon-Free
Steel Production

Author: David Michel1

Co-author: Xavier Lhoest 1

1 John Cockerill

Corresponding Authors: xavier.lhoest@johncockerill.com, david.michel@johncockerill.com
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With growing regulatory pressure and the need to achieve net-zero targets, new technologies for
‘low carbon’steelmaking are being urgently explored. Volteron™, developed by the John Cocker-
ill Group and ArcelorMittal Group, introduces a novel electrochemical ironmaking route based on
low-temperature electrowinning of iron oxide. The technology eliminates direct CO₂ emissions and
leverages renewable electricity to produce high-purity iron plates ready for downstream use in elec-
tric arc furnaces (EAFs).
This paper presents the scientific and engineering principles of the Volteron™ process, covering its
ore preparation, electrolytic cell architecture, and product handling. It describes the pilot plant com-
missioned in April 2025 and outlines the technology’s industrial roadmap, which is built around
modular capacity scaling. Comparative analysis with hydrogen-based direct reduction (H₂-DRI)
technologies is provided to highlight Volteron’s advantages in terms of emissions, energy efficiency,
scalability, and time-to-market.
Supported by a legacy of electrowinning technologies from the copper and zinc industries, Volteron™
offers a reliable and adaptable solution for decarbonizing steelmaking. With a demonstrated energy
demand <3.75MWh/t and zero CO₂ emissions under renewable operation, this process could account
for up to 14% of global steel production by 2050, according to IEA projections. The findings confirm
Volteron’s potential as a cornerstone of a sustainable metallurgical future and and a facilitator of the
EAF decarbonisation.

Speaker Country:

Belgium

Speaker Company/University:

John Cockerill SA

Automation and Digitalization in Electric Steelmaking I / 10

Innovation in weighing technologies meet growingmelt shop op-
eration requirements
Author: MARTIN RUDOLF BRAUER1

1 Qlar Europe GmbH

Corresponding Author: m.brauer@qlar.com

Reliable, precise, and maintenance-friendly weighing systems have always been essential for safe
and efficient production in the harsh environment of steel melt shops. Today, modern technologies
empower us to equip key production assets with weighing systems that are both robust and highly
accurate. This enables steel producers to meet the growing demands for safety, process control and
optimization through solutions that are simpler and more dependable than ever before.

In this session of the EEC 2026 I like to present some of those provenmodernmelt shop and scrapyard
weighing technologies:

Digitization of each loadcell signal close to its installation place

Digital loadcell signals enable precise recording, monitoring and supervision of both static and dy-
namic loads at each individual load point in real time. This capability allows for the early detection
of local overloads and the easy localisation of damaged loadcells.

Online measurement of the loadcell temperature

Many heavy-duty loadcells used in liquid steel weighing applications are now equipped with inte-
grated PT100 temperature sensors. They provide real-time temperature data to the PLC, helping to
prevent loadcell damage caused by overheating.

Scrap loading with overload protection
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Former designer generations separated scrap loading fromweighing to protect the sensitive loadcells
from huge dynamic loads. Nowadays this split of functions is no longer needed, as modern loadcells
contain overload protections: loading and weighing can take place in the same process.

WLAN data transmission between mobile assets and the control room

All mobile melt shop assets - such as ladle transfer cars, ladle cranes, continuous casting machines,
and tundish cars - require flexible and reliable data connections. Modern WLAN-based radio trans-
mission solutions have replaced data cables, which were prone to damage. These wireless systems
significantly enhance operational robustness and ensure consistent weighing accuracy.

Weighing system for the EAF furnace shell

With the rise of GreenSteel applications, the latest generation of Electric Arc Furnaces (EAFs) de-
mand highly reliable and flexible weighing solutions to meet stringent product and process quality
requirements. Modern loadcells in combination with digital condition monitoring have made this
tough weighing application feasible –allowing in addition an improved energy consumption con-
trol.

Speaker Country:

Germany

Speaker Company/University:

Qlar Europe GmbH

Poster session / 11

Design and Implementation of a Fuzzy Controller for Inter-Stand
Tension in a Tandem Mill
Author: Mehdi Eslamian Koupaie1

Co-authors: Alireza Mohammadi Fesharki 2; Deng Zhengwei 3

1 Atieh Partak Pipe Industry, Islamic Azad University (Isfahan Branch)
2 Atieh Partak Pipe Industries
3 Best Power Intercontrol

CorrespondingAuthors: dengzhengwei@bpintercontrol.com, 7532am@gmail.com, 67mehdi@gmail.com

This paper presents the design and implementation of a fuzzy logic controller for regulating inter-
stand tension in a tandemmill. The developed fuzzy controller utilizes input variables such as tension
error, rolling force, exit speed, and speed correction, and applies a rule base derived from operator
experience to adjust the gap position and speed references. The controller operates in three dis-
tinct modes: normal run, low speed, and sheet mode, employing Mamdani-style inference and the
centroid method for defuzzification. Simulation implementation results demonstrate that the fuzzy
controller offers greater flexibility and robustness compared to classical PID controllers, effectively
handling complex, multi-variable process conditions.

Speaker Country:

Iran

Speaker Company/University:

Atieh Partak Pipe Industries
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Recent progress and new developments in CCS/CCU / 12

Third-Generation Structured Amine Sorbent Technology for Di-
rect Air Carbon Capture (DAC): A Case Study, Advantages, and
Challenges
Author: mohamadhosein haddadzadeh1

1 myself

Corresponding Author: hosein1374t@gmail.com

Abstract

In this study, various methods and stages of direct air capture (DAC) of CO₂ are first reviewed. Subse-
quently, major DAC companies and projects worldwide are examined, with a particular focus on the
technologies developed by the Swiss company Climeworks in the field of DAC—especially its latest
innovation, the structured amine-based sorbents. The study then compares different DAC adsorp-
tion technologies and provides a detailed explanation of third-generation sorbent technology, also
known as structured amines. Furthermore, a case study of Climeworks’practical implementation of
third-generation structured amine sorbents in the Cypress Project in the United States is presented.
Finally, the challenges associated with this technology and potential improvement strategies are dis-
cussed. Direct Air Capture (DAC) of CO₂ is one of the most challenging yet vital technologies in
combating climate change, since the concentration of CO₂ in ambient air is only about 0.04% (400
ppm), which is much lower than that in industrial flue gases. Among various options, structured
amine sorbents are considered highly promising due to their ordered structure, high adsorption
capacity, and superior stability. Despite the challenges of low CO₂ concentration, high humidity,
and elevated operational costs, these sorbents—through the use of advanced technologies—have
achieved significant progress in the field of direct CO₂ capture. The third generation of structured
amine sorbents, offering large surface area and optimized chemical stability, has further enhanced
the efficiency of this process. In this study, we aim to describe the most recent global project uti-
lizing this type of sorbent and to examine the future potential of structured amine sorbents in CO₂
capture and environmental pollution reduction.

Keywords: Carbon dioxide, DAC, structured amine sorbents, Cypress project, third-generation sor-
bents

Speaker Country:

Iran

Speaker Company/University:

Arfa iron & steel company

Use of alternative iron sources / 14

Assessment of SiO₂ and Al₂O₃ interchangeability in the DR-EAF
Steelmaking Route
Author: Michel Leite1

Co-authors: Augusto Pereira de Sá 1; Leandro Dijon 1; Vinícius de Morais Oliveira 1

1 Vale S.A.

CorrespondingAuthors: leandro.dijon@vale.com, augusto.pereira@vale.com, vinicius.morais@vale.com, michel.leite@vale.com
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The acid gangue components in agglomerates used in the Direct Reduction–Electric Arc Furnace (DR-
EAF) steelmaking route, particularly SiO₂ and Al₂O₃, have a significant impact on EAF performance.
These oxides influence slag characteristics such as volume, foaming capacity, and viscosity and affect
key operational parameters: metallic yield, electric energy and oxygen consumption, refractory and
electrode wear, dephosphorization efficiency and tap-to-tap time.

Considering the growing interest in the DR-EAF route, driven by the steel industry’s decarboniza-
tion efforts, and the limited availability of high-grade iron ores suitable for this process, it is essential
to understand the acceptable limits of SiO₂ and Al₂O₃ in DR-grade agglomerates, assessing how each
acid gangue component affects EAF performance. More specifically, it is fundamental to evaluate
whether, and to what extent, SiO₂ and Al₂O₃ can be interchanged in the chemical composition of DR-
grade agglomerate, considering technical and operational constraints of the EAF process. A clear
understanding of the impacts of SiO₂ and Al₂O₃ enables iron ore mining companies to design ag-
glomerates with optimized levels of these oxides, aligned with the operational and economic targets
of steel producers.

This study investigates the effects of varying the individual levels of SiO₂ and Al₂O₃ while keeping
their combined content (SiO₂ + Al₂O₃) constant, and how these variations influence EAF perfor-
mance. The analysis was conducted using numerical simulation models for direct reduction and
electric arc furnace processes. Isothermal solubility diagrams (ISDs) were used to estimate the MgO
saturation levels under specific conditions of FeO content, temperature and ternary basicity in the
slag.

The results indicate that varying the individual levels of SiO₂ and Al₂O₃—while maintaining their
combined content (SiO₂ + Al₂O₃) constant—has only a marginal impact on slag properties and key
operational parameters. Therefore, within defined limits, SiO₂ and Al₂O₃ can be considered inter-
changeable in the DR-EAF process.

Speaker Country:

Brazil

Speaker Company/University:

Vale S.A.

Safety and Training I / 15

Enhancing EAF safety and efficiency
Author: ION RUSU1

Co-author: ANNA ZOPPIROLLI 2

1 BM Group
2 POLYTEC SPA

CorrespondingAuthors: marketing@bmgroup.com, mario.gelmini@bmgroup.com, anna.zoppirolli@bmgroup.com

The collaboration between Tenova and Polytec at ORI Martin’s Electric Arc Furnace (EAF) facility
represents a major advancement in the use of robotics and intelligent monitoring in steelmaking. At
the core of the project is the PolySAMPLE robotic solution —a 6-axis industrial robot with heavy-
duty protection and tool-changing capability —designed to automate critical EAF operations such
as temperature measurement and steel sampling. These high-risk tasks, once performed manually,
are now executed safely and repeatably under full remote control.
A patented furnace inspection system, co-developed with Tenova, complements the robot by provid-
ing a 360° internal view of the EAF shell and refractory lining through high-definition imaging. This
enables early detection of wear or damage, improving reliability and minimizing downtime.
Beyond this specific application, similar robotic systems can be employed in other process phases,
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including EBT servicing, oxygen lancing, and secondary refining automation, further extending the
benefits of safety, precision, and process continuity across the entire steelmaking cycle.

Speaker Country:

Italy

Speaker Company/University:

BM Group

Recycling, circular economyand reduction of environmental impact in steelmaking I / 16

Intelligent Scrap Yard Mapping and Sorting with Vision Systems
for Process Optimization
Author: ION RUSU1

Co-author: ANNA ZOPPIROLLI 2

1 BM Group
2 POLYTEC SPA

CorrespondingAuthors: mario.gelmini@bmgroup.com, marketing@bmgroup.com, anna.zoppirolli@bmgroup.com

Efficient management of the scrapyard is essential to improve steelmaking productivity, yet visual
mapping and material classification often remain manual and error-prone. This paper presents new
solutions developed by Polytec that combine advanced vision systems, AI-driven analytics, and
robotic automation to map, classify, and sort scrap materials in real time. The systems integrate
high-resolution imaging, spectral analysis, and deep-learning models to identify scrap composition
and contamination, enabling automated purification and targeted material handling.
Furthermore, by generating a dynamic digital twin of the scrapyard, the platform ensures accurate
material tracking, optimized charge preparation, and improved process traceability from yard to fur-
nace.
Case studies will demonstrate how AI-powered vision and robotics can transform scrapyard opera-
tions into a connected, data-driven environment, delivering measurable gains in melt shop perfor-
mance, quality control, and environmental efficiency.

Speaker Country:

Italy

Speaker Company/University:

BM Group

Poster session / 17

ABS ROADS EVO - Stage II
Author: Mauro Scocco1

1 ABS acciai

Corresponding Author: m.scocco@absacciai.com
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This research project aims to develop an innovative and sustainable composite mixture as an alter-
native to traditional concrete, with the goal of establishing a new long-term standard for permeable
civil and road pavements with high technical performance.
The proposedmixture combines geopolymer binders, synthetic aluminosilicate-basedmaterials known
for their superior mechanical, chemical, and thermal properties, with significantly lower CO₂ emis-
sions and energy consumption compared to Portland cement. These binders are integrated with a
certified product derived from EAF steelmaking slags produced by Acciaierie Bertoli Safau (Danieli
Group), offering mechanical characteristics comparable to natural basalt.
The resulting composite is environmentally friendly, avoids the use of virgin raw materials, reduces
water and energy consumption, and lowers production costs. It is primarily intended for F900-class
permeable pavements, but can also be applied to thin insulation layers and durable industrial sur-
faces.
The project is structured into three phases:

Laboratory Phase –Mix design development, raw material selection, and granulometric analysis us-
ing alkaline reagents.
Validation Phase–Mechanical and geotechnical testing of aggregates andmixtures, assessing strength,
permeability, and frost resistance, along with technical and economic evaluations.
Semi-Industrial Phase –Construction of a test pavement at ABS, including installation trials, core
sampling, performance verification, and final certification.

The project’s originality lies in its integration of innovation, circular economy principles, and sus-
tainability, aligned with the 4Rs: Reduce, Reuse, Recycle, Recover. A key deliverable is the certifica-
tion by official Technical Bodies, essential for market adoption in public and private infrastructure
sectors.

Speaker Country:

Italy

Speaker Company/University:

Acciaierie Bertoli Safau S.p.A.

Use of alternative iron sources / 18

Green DRI-based EAF steelmaking –Feedstock, Design and Oper-
ational Results
Author: Ali Hegazy1

Co-author: Deniz Catan 1

1 Primetals Technologies Germany

Corresponding Authors: ali.hegazy@primetals.com, deniz.catan@primetals.com

To comply with tomorrow’s more stringent committed environmental targets for steelmaking, the
world witness one of the most fast-paced transitions in the history of steelmaking. DRI-based EAF
route will play a crucial role in transforming green steel production thanks to its carbon footprint,
which is significantly lower than a blast furnace, while still ensuring the highest product quality.
In this presentation, an overview of dynamics of steel scrap market, and the need for ore-based
metallics as reliable EAF feedstock is presented. Moreover, a rough guide of the main design criteria
for DRI-based EAFs is overviewed. Finally, some actual operational results for cold and hot DRI-
based EAFs from Primetals Technologies will be presented.
Keywords:
DIRECT REDUCED IRON–CO2 REDUCTION–ELECTRIC STEELMAKING–GREEN STEEL

Speaker Country:
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Germany

Speaker Company/University:

Primetals Technologies Germany

Innovations in EAF Technology I / 19

Electrifying Steelmaking: Next-Level Performance with EAF Ul-
timateMOVE, EAFQuantum, andBreakthrough Innovations

Author: Hans-Jörg Krassnig1

Co-authors: Deniz Catan 2; Leon Heinl 3

1 Primetals Technologies Austria
2 Primetals Technologies Germany
3 Primetals Technology

CorrespondingAuthors: deniz.catan@primetals.com, hans-joerg.krassnig@primetals.com, leon.heinl@primetals.com

The steel industry is accelerating toward decarbonization, and electric arc furnace (EAF) technology
stands at the forefront of this transformation. Primetals Technologies introduces a portfolio of ad-
vanced solutions that redefine efficiency, sustainability, and operational flexibility: EAF Ultimate,
EAF Quantum, and the innovative Ultimate Move.
EAF Ultimate represents the pinnacle of high-power steelmaking, delivering up to 1,500 kVA/t en-
ergy input and ultra-short tap-to-tap times. Itsmodular design, advanced automation, and integrated
Active Power Feeder system ensure dynamic grid control, reduced energy consumption, and min-
imal flicker. With full raw material flexibility—from 100% scrap to hot metal and DRI—the EAF
Ultimate is positioned as a viable replacement for traditional BOF converters, enabling steel produc-
ers to meet stringent environmental targets without compromising productivity.
Complementing this, EAF Quantum sets a global benchmark for energy efficiency and throughput.
Leveraging patented shaft preheating technology and optimized off-gas utilization, it achieves tap-
to-tap times under 30 minutes and energy consumption below 280 kWh/t, reducing conversion costs
by up to 20%. Its proven track record of more than a dozen installations underscores its role as the
most efficient EAF in operation today.
Building on these foundations, Ultimate Move introduces a revolutionary concept: combining the
best features of moveable lower shell, top lance blowing and slag free tapping in a compact foot-
print. This innovation enables smaller crane capacity & support structures in charging bay, power-
on tapping, reducing downtime and accelerating production cycles, while maintaining easier noise
isolation and operational safety.
Together, these technologies deliver a quantum leap in performance, sustainability, and cost effi-
ciency—empowering steel producers to achieve green steel goals and maintain competitiveness in
an evolving market.

Speaker Country:

Austria

Speaker Company/University:

Primetals Technologies

Recent progress and new developments in CCS/CCU / 20
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Development of Low-Carbon Blast Furnace Operation Technol-
ogy through Scrap Utilization and EDEM Simulation
Author: Juhun Kim1

1 POSCO

Corresponding Author: juhunkim@posco.com

Carbon reduction has recently emerged as a critical global issue, prompting many companies to im-
plement measures to lower their emissions. In Korea, the steel industry accounts for approximately
39% of industrial carbon emissions, with blast furnace operations responsible for about 82% of that
share. Consequently, effective carbon mitigation in the steel industry requires the development and
application of low-carbon blast furnace technologies. POSCO is pursuing such technologies in par-
allel with the HyREX process, focusing not only on the use of biomass and hydrogen but also on
carbon-reducing raw materials. Among these, scrap offers significant advantages under Scope 3 of
the GHG Protocol.

In this study, experiments and EDEM simulations were conducted to enable the effective use of
scrap in blast furnaces. Softening Under Load (SUL) tester experiments were performed to simulate
the cohesive zone of the blast furnace under varying scrap mixing ratios, from which the optimal
usage ratio was determined. EDEM simulations, based on full-scale models of the blast furnace
and ore bins, were used to reproduce charging layer formation under different ore–scrap mixing
conditions.

The combined results identified the optimal charging layer configuration and operating method for
scrap utilization, leading to the establishment of practical blast furnace operation technology. Theo-
retical analysis indicates that incorporating 5% scrap into the blast furnace can reduce the coal ratio
by 22.759 kg/t-p and lower total CO₂ emissions by approximately 4%.

Speaker Country:

Korea South

Speaker Company/University:

POSCO

Automation and Digitalization in Electric Steelmaking III / 21

Mathematical modelling of slag foaming of EAF slags
Author: Huan Liu1

Co-author: alberto conejo 2

1 USTB
2 itm

Corresponding Authors: anconejo@gmail.com, aconejonava@hotmail.com

Slag foaming is a very important phenomena in the operation of the Electric Arc Furnace due to
multiple benefits. It has been extensively investigated from an academic view point, however there
are still many unresolved issues dealing with the real conditions that promote these phenomena. I
many of the previous investigations the gas is artificially injected, rather than created at the interior
of the slag or metal phases. The CO bubbles, which are responsible of the foaming phenomena can
be created both in the slag due to FeO being reduced by injected carbon particles or by reactions at
the slag/metal interface. This work reports an experimental work focuses on slag foaming due to
CO produced at the slag/metal interface, with variations on FeO and basicity.
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Speaker Country:

China

Speaker Company/University:
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Future Directions and Emerging Technologies / 22

Journey towards the decarbonization : ESTEP engagement for
technical innovation
Author: Klaus Peters1

Co-author: Akhilesh Swarnakar 1

1 ESTEP

Corresponding Authors: akhilesh.swarnakar@estep.eu, klaus.peters@estep.eu

The European Steel Technology Platform (ESTEP) continues its mission to drive innovation in sus-
tainable steel production, with ongoing initiatives and collaborations shaping the industry’s journey
toward climate neutrality. The Clean Steel Partnership (CSP) has further expanded the collaborative
research framework established by the Research Fund for Coal and Steel. CSP enables the develop-
ment and demonstration of transformative technologies at medium to high technology readiness lev-
els. As the private partner in the CSP, established through aMemorandumof Understandingwith the
European Commission, ESTEP coordinates the industry’s research and innovation agenda to achieve
the sector’s ambitious decarbonization targets: 55% CO₂ reduction by 2030 and 80-95% by 2050 com-
pared to 1990 levels. The specific research and innovation requirements are outlined in detail in
the Strategic Research and Innovation Agenda (SRIA) of the CSP, which serves as the comprehen-
sive roadmap for the steel industry’s transformation. In this presentation, highlights of CSP-funded
projects will be presented that are accelerating the industry’s transformation, as well as ESTEP’s ef-
forts to shape standardization as a critical enabler for the adoption of breakthrough technologies in
European steelmaking. These initiatives span the entire innovation spectrum, from novel hydrogen-
based direct reduction technologies to advanced electric arc furnace configurations, demonstrating
practical pathways toward green steel production. By demonstrating how coordinated research,
targeted funding mechanisms, and cross-sector collaboration are converging to transform the Euro-
pean steel industry, the presentation delivers an integrated perspective on how ambitious climate
objectives are being translated into tangible industrial progress. Examples cover CSP projects from
carbon direct avoidance and circular economy.

Speaker Country:

Germany

Speaker Company/University:

ESTEP

Poster session / 23

ecoinvent’s integrated approach for Life cycle inventory datasets’
creation for metal manufacturing processes
Authors: Antonella Polimeno Camastra1; Valeria Superti1
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1 ecoinvent association

Corresponding Authors: polimeno@ecoinvent.org, superti@ecoinvent.org

As industries transition towards more sustainable supply chain principles, leveraging reliable LCA
databases becomes crucial. Among others, the metals industry also faces increasing demand for
transparent environmental data to support sustainability decisions and climate targets. However,
the metals industry presents unique challenges to datasets’creation (e.g., diverse extraction methods,
complex multi-output processes, reticence to share data, and rapidly evolving recycling technologies
requiring comprehensivemodelling approaches that capture both primary and secondary production
routes).
The ecoinvent association, by managing the ecoinvent LCA database, aims at addressing these chal-
lenges through systematic data development in collaboration with industry associations and techni-
cal experts. Our approach to improving the coverage of the metals sector involves three key phases:
analysing the state of the art through stakeholder engagement and literature reviews, prioritizing
data gaps by mapping value chains and identifying critical needs from the industry, and developing
datasets following rigorous quality and transparency standards.
This presentation showcases examples of the types of initiatives that lead to data creation for the
ecoinvent database, specifically for the metal sector. Recent database releases demonstrate ecoin-
vent’s expanding coverage. For ferrous metals, we provide comprehensive modelling of steel pro-
duction, including basic oxygen furnace (BOF) and electric arc furnace (EAF) routes, with particular
attention to scrap-based production and steel alloy specifications. We have developed alloy-specific
datasets through literature-based modelling approaches that reflect real-world material composi-
tions and production requirements. For non-ferrous metals, our collaboration with the International
Aluminium Institute (IAI) ensures aluminium supply chain data reflects current industry practices
and regional variations, while our partnership with the International Zinc Association (IZA) has en-
abled the development of Zamak alloy datasets. This coverage spans the full complexity of metals
supply chains, from primary extraction and secondary recycling routes to the production of engi-
neered alloys that represent final market products. We explore the different types of data creation
processes from both a database management and a user perspective.
As significant data gaps remain, particularly for specialty alloys, emerging recycling technologies,
and regional variations in production, ecoinvent actively seeks collaboration with industry associa-
tions, research institutions, metal producers, and technology providers to continuously improve data
quality and expand coverage. By working together with stakeholders across the metals value chain,
we aim to provide the trusted LCI foundation needed for evidence-based environmental decision-
making in an evolving sector where primary and secondary production routes increasingly coexist
and interconnect.

Speaker Country:

Switzerland

Speaker Company/University:

ecoinvent association

New and emergent ironmaking Technologies I / 24

Mitigation of CO2 Emissions from Blast Furnaces through Injec-
tion ofCarbon-RecycledReducingAgentswithHighHeat Supply
via Partial Combustion
Authors: Seiji Uchida1; Yusuke Kashihara1; Toshiyuki Hirosawa1; Yuki Kawashiri1; Yuki Iwai2; Tetsuya Yamamoto2

1 JFE Steel
2 JFE steel

Corresponding Authors: yu-iwai@jfe-steel.co.jp, tets-yamamoto@jfe-steel.co.jp, y-kawashiri@jfe-steel.co.jp, y-
kashihara@jfe-steel.co.jp, t-hirosawa@jfe-steel.co.jp, se-uchida@jfe-steel.co.jp
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Mitigation of CO2 emissions is an urgent challenge for the steel industry, which is one of the most
CO2-intensive sectors. As a promising approach to significantly reduce CO2 emissions from blast
furnace operations, the carbon recycling blast furnace process has been proposed. In this process,
carbon recycled reducing agents are synthesized from CO2 contained in blast furnace gas and in-
jected back into the furnace, thereby reducing the consumption of coal-derived carbon. Since the
carbon in these agents originates from internal CO2, it is not emitted outside the system, contribut-
ing to overall CO2 reduction.
　 This study investigates the effectiveness of various carbon recycled reducing agents in lowering
CO2 emissions from the carbon recycling blast furnace. First, candidate chemical species that can
be synthesized from CO2 with carbon recycling technology were extracted. Then, the carbon con-
sumption associated with the injection of these agents to the blast furnace was evaluated using a Rist
diagram. This theoretical model accounts for heat and mass balance by dividing the blast furnace
into upper and lower zones based on the temperature of the thermal reserve zone. Additionally, op-
erational constraints such as the theoretical flame temperature at the tuyere level were considered.
　 The results indicate that carbon consumption in the carbon recycling blast furnace is primarily
influenced by the heat supply from partial combustion of the carbon recycled reducing agents. Car-
bon consumption decreases as the heat supply from partial combustion increases, due to enhanced
thermal input and higher injection rates of the agents. Furthermore, higher blast oxygen concentra-
tions also contribute to reduction of carbon consumption. Based on these findings, it is suggested
that carbon consumption and CO2 emissions can be reduced by up to 40 % compared to conven-
tional blast furnaces by injecting carbon recycled reducing agents with a heat supply from partial
combustion exceeding 4000 kJ/kg under high blast oxygen conditions.

Speaker Country:

Japan

Speaker Company/University:

JFE steel Corporation

Poster session / 25

Optimization of Water Heating in Steel Sheet Cleaning through
Multi-Stage Heat Exchange and Heat Pump Integration
Author: Takashi Kuroki1

Co-authors: Kenichi Fujii 1; Yusuke Yasufuku 2

1 JFE Steel Corporation
2 Kenichi Fujii

Corresponding Author: ta-kuroki@jfe-steel.co.jp

A novel water heating system for steel sheet cleaning was developed, which recovers heat from
high-temperature wastewater and utilizes a heat pump to heat the supply water. By integrating heat
exchangers and heat pump heating, the system significantly reduces energy consumption and CO₂
emissions compared to conventional steam heating. The adoption of indirect heat exchange and
multi-pass flow control enhances both operational stability and maintainability. This technology
contributes to energy conservation and environmental impact reduction in steel production and can
be applied to a wide range of industrial processes.

Speaker Country:

Japan

Speaker Company/University:

JFE Steel Corporation
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Slag control and refractories I / 26

Mathematical Modelling of Slag Phase Composition during the
EAF Process in Stainless Steelmaking
Author: Ville-Valtteri Visuri1

Co-authors: Ilpo Mäkelä 1; Matti Aula 2

1 Process Metallurgy Research Unit, University of Oulu
2 Outokumpu Stainless Oy

Corresponding Authors: matti.aula@outokumpu.com, ilpo.makela@oulu.fi, ville-valtteri.visuri@oulu.fi

Contemporary stainless steelmaking is based predominantly on the duplex route, consisting of an
electric arc furnace (EAF) followed by argon–oxygen decarburisation (AOD), or on the triplex route,
in which EAF and AOD processing is followed by vacuum–oxygen decarburisation (VOD). Raw ma-
terials strongly influence slag chemistry in the EAF, and therefore understanding the properties and
evolution of EAF slag during processing is essential both for optimizing slag practice and for enabling
downstream utilization of the slag. Recently, an EAF process model developed at the University of
Oulu was extended with a metal–slag reaction module that describes mass-transfer-limited metal–
slag reactions in stainless steelmaking, i.e., under conditions without foamy slag. The metal–slag
kinetics are based on the effective equilibrium constant approach, which extends boundary-layer
theory to systems involving several competing oxidation and reduction reactions. However, this
approach can predict only the chemical composition of the slag and not the formation of potential
solid phases. This paper presents a one-way coupling of the process model with computational ther-
modynamic software and demonstrates its application for calculating the evolution of slag phase
composition throughout the EAF process in stainless steelmaking. The resulting phase-structure
predictions provide valuable insights for slag practice in stainless steelmaking.

Speaker Country:

Finland

Speaker Company/University:

University of Oulu

Automation and Digitalization in Electric Steelmaking I / 27

Optimization of electric arc furnace refining via CFD simulation
of steel, slag, and freeboard dynamics
Author: Orlando Ugarte1

Co-authors: Tyamo Okosun 1; Eugene Pretorius 2; Joe Maiolo 3; Chris Kovscek 4; Chenn Zhou 1

1 Purdue University Northwest
2 Nucor Steel Berkeley
3 Linde
4 Nucor Steel

CorrespondingAuthors: chris.kovscek@nucor.com, tokosun@pnw.edu, ougarte@pnw.edu, joe.maiolo@linde.com,
eugene.pretorius@nucor.com, czhou@pnw.edu
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In recent years, the steel industry has increasingly adopted electric arc furnaces (EAFs). Currently,
more than 70% of steel production in the United States is achieved through EAFs. In addition to
their energy efficiency and operational flexibility, EAFs can reduce carbon emissions by up to 55%
compared with the blast furnace–basic oxygen furnace route, making them a key technology for
achieving the steel industry’s decarbonization goals. The EAF process consists of melting and re-
fining operations. During melting, electrodes and burners are activated to melt the scrap charge
through a combination of arc and chemical heating. In the refining stage, burners switch to lance
mode, and oxygen is injected into themolten steel. This oxygen reacts with the steel to reduce carbon
content, form oxides, and remove impurities. At this stage, the desired chemical composition and
temperature of the steel bath are achieved before tapping. EAF operations involve complex physic-
ochemical phenomena occurring under harsh conditions, making direct data collection extremely
challenging. Computational fluid dynamics (CFD) provides a powerful tool to analyze EAF behavior
by describing flow dynamics, reaction rates, phase changes, and thermal characteristics throughout
the system. However, proper modeling of EAF processes at an industrial scale requires advanced
CFD frameworks to capture these strongly coupled phenomena. In this study, a state-of-the-art
CFD methodology is developed to simulate the refining stage of industrial EAF operations. The CFD
model extends a previous approach that coupled a coherent jet model with a refiningmodel. Namely,
the coherent jet model is used to obtain the velocity and mass flow rates of oxygen jets impinging on
the molten bath, which are then used to determine the cavities formed by the jets in the liquid steel.
The updated CFD methodology, based on the volume-of-fluid approach, incorporates these cavities
into the computational domain and includes the molten steel, slag, and gas (freeboard) regions. The
updated model accounts for oxide formation in the molten bath during oxygen injection and the
migration of oxides into the slag and gas phases. Validation against theoretical data demonstrates
accurate prediction of decarburization as well as FeO and MnO generation in both high- and low-
carbon regimes. The validated model is then applied to optimize oxygen injection parameters to
enhance control over decarburization of the molten steel while preventing excessive FeO generation
during refining operations.

Speaker Country:

United States

Speaker Company/University:

Purdue University Northwest

Energy Efficiency and Consumption Reduction / 28

Successful Full-Scale Implementation ofDecarbonizationThrough
Energy Efficiency and Use of Hydrogen
Author: Joachim von Scheele1

1 Linde GmbH

Corresponding Author: joachim.von.scheele@linde.com

Over the past years Linde has been supporting decarbonization at its steel industry customers by
developing and implementing new technologies focused on energy-efficiency and use of hydrogen.
The paper discusses these successful activities, taken place in close and direct cooperation with steel-
making companies, and show examples of the excellent results obtained.
Energy-efficient use of flameless oxyfuel in ladle preheating and reheat furnaces bring about substan-
tial fuel savings from 10% up to 60%: in tundishes even higher. Results from recent such installations
are presented here. This is paving the way for effective use of hydrogen as a fuel, which frequently
is substantially more expense than an existing fossil fuel.
An important part of the development has been to ensure that the transition to use hydrogen does
not lead to any negative consequences, including, e.g., increased NOx emissions and impact on the
steel heated and the refractory lining. The key has been to further improve use of flameless oxyfuel
combustion, securing no trade-off between reduction of CO2 and NOx emissions, but lowering both,
and maintaining steel quality and yield. This technology, the challenges overcome, and the excellent
results achieved are discussed along with the development hydrogen-oxygen combustion.
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The most prominent example of this work is found at Ovako in Sweden. Following the 2020 suc-
cessful world’s first full-scale test with heating steel before rolling using 100% hydrogen, since early
2024 this has been turned into permanent operation. 48 soaking pit furnaces, heating hundreds of
thousands of tonnes of steel annually, are operating with 100% flameless oxyfuel using 100% hydro-
gen. Compared to previous operation using fossil fuel, no major changes in operation practice have
taken place. No negative impact on the steel heated and the refractory lining have been experienced.
The hydrogen is supplied by an onsite alkaline electrolyzer powered entirely by fossil-free power.
To date more than 500,000 tonnes of alloyed steel have reheated in this operation.
Following this success, Linde together with Ovako and other steelmakers are now implementing
same pathway also in continuous reheat furnaces and finding solutions for viable supply of hydro-
gen; the main obstacle is not the use of hydrogen as a fuel but supply of hydrogen at a low cost and
a low carbon footprint.
In addition to use of hydrogen as a fuel steel reheating, successful tests have taken place for use in
electric arc furnace burners and injectors, and in ladle and tundish preheating.

Speaker Country:

Germany

Speaker Company/University:

Linde GmbH

New and emergent ironmaking Technologies I / 29

Development of low carbon sinter technology using low melting
point additives
Author: BYUNG JUN CHUNG1

1 POSCO

Corresponding Author: bjchung@posco.com

In the ironmaking process, more than 80% of the steel industry’s CO2 emissions are produces, and
low-carbon blast furnace (BF) operations are needed to achieve carbon neutrality.
Sinter is a major raw material for the BF, and CO2 generation is inevitable because carbon materials
(CM), such as coke and anthracite, are used during sintering process. It is necessary to reduce the
use of CM to lower CO2 emissions during sintering process. A decrease in CM usage also implies
low temperature sintering.
The maximum sintering temperature exceeds 1350℃, and if sintering can be achieved at a lower tem-
perature, CO2 emissions can be reduced by decreasing the amount of CM used. Using an additive
with a low-melting point (low-MP) is a key factor for achieving low temperature sintering.
In this study, three types of iron ore and limestone were used to produce low-MP additives. Experi-
ments were conducted by varying the mixing ratio of iron ore and limestone, the sintering tempera-
ture, and the sintering time. The conditions for manufacturing additives with a MP of approximately
1213℃were derived by optimizing the mixing ratio and firing temperature of iron ore and limestone.
In addition, an experiment was conducted using by-products generated in the steel mill. Firstly, recy-
clable by-products were selected, and the conditions for producing a low-MP additive with a melting
point of approximately 1224℃ were derived by optimizing the sintering temperature and the mixing
ratio of the by-products.
When a low-MP additive is used, the CM cost can be reduced by more than 5% compared to standard
case while maintaining equal or higher sinter quality. Through this improvement, it is possible to
realize a low carbon sintering process.

Speaker Country:

Korea South

Speaker Company/University:
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Ongoing Research in Electric Steelmaking II / 30

Integrated Multi-institutional Approach to EAF bottom blowing
technology development: ScaledPhysicalModelVerification, CFD
Simulation, and Industrial Application
Author: Sun-Joong KIM1

Co-authors: Ji hyeon Park 1; Ik-Jun Yang 2; Sung-Yong Kim 2; Chae-Yeon Yoo 3; Dae-Hoon Shin 3

1 Chosun University
2 EZ CASTECH
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Electric arc furnace (EAF) steelmaking represents a critical pathway toward achieving carbon neu-
trality in the steel industry by 2050, as it significantly reduces CO₂ emissions compared to blast
furnace and basic oxygen furnace processes. However, the localized heating from the electric arc
limits the stirring efficiency of molten steel, necessitating enhanced mixing strategies. Bottom
blowing technology has emerged as a proven solution to enhance fluid flow, accelerate melting
and decarburization rates, and improve molten steel quality. This study presents a comprehensive
multi-institutional collaborative framework integrating theoretical modeling, advanced computa-
tional analysis, and industrial-scale validation to optimize EAF bottom blowing technology. The re-
search methodology comprises three complementary approaches: (1) University-led scaled physical
modeling provides theoretical verification of CFD simulation through the experimental validation
using water model and PIV observation, establishing the scientific foundation for the phenomena of
fluid dynamics. (2) Specialized simulation company develops high-fidelity CFD models to generate
comprehensive simulation datasets characterizing fluid dynamics, gas bubble behavior, and mixing
efficiency in bottom blowing systems. (3) Steel industry partner conducts full-scale industrial demon-
stration to validate laboratory and computational findings, ensuring practical applicability and op-
erational feasibility in conventional EAF furnace. This integrated approach bridges the gap between
academic research and industrial implementation, combining the rigor of physical modeling verifi-
cation with computational precision and real industrial validation. The collaborative methodology
establishes a reasonable framework for understanding bottom blowing hydrodynamics and optimiz-
ing operational parameters for enhanced energy efficiency and product quality in conventional EAF
steelmaking.

Speaker Country:

Korea South

Speaker Company/University:
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Recent progress and new developments in CCS/CCU / 31

Comparison of carbon capture technologies for steel and cement
off-gases
Author: Christa Mühlegger1
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Co-author: Irmela Kofler 1
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The defossilisation of hard-to-abate industries such as steel and cement is a major challenge for
achieving climate-neutrality in 2050. In these sectors, some CO2 emissions are unavoidable due to
chemical reactions during raw material processing (e.g., limestone calcination) and the use of car-
bon in steel production. Therefore, efficient and scalable carbon capture technologies are essential
to capture and reduce emissions, enable carbon utilisation, and support the transition toward sus-
tainable industrial practices. Within this context, the Austrian flagship project ZEUS –Zero Emis-
sions throUgh Sector Coupling aims to demonstrate integrated, climate-neutral process chains by
combining renewable hydrogen production with CO2 capture and utilisation under real industrial
conditions. The project addresses the steel and cement industries, which are among the most diffi-
cult to bring to climate neutrality, and evaluates practical solutions for cross-sector integration and
energy optimisation.
This work presents a comparative assessment of two pilot-scale carbon capture units and technolo-
gies treating industrial off-gases with varying CO2 concentrations ranging from 15 to 25 vol.%:
1) an amine scrubber operated with steel mill off-gases, and
2) two membrane separation units, one treating steel mill off-gases and one treating cement plant
off-gases.
The amine scrubber demonstrates a CO2 capture rate of approximately 800 kg/day with product pu-
rity exceeding 99%, while optimisation efforts focus on minimising energy consumption and main-
taining long-term solvent stability under fluctuating flue gas compositions. The membrane units, de-
signed for up to 500 kg/day CO2 separation, employ modular membrane elements to enable flexible
operation and high capture efficiency (>90%) at food-grade CO2 quality. Continuous pilot operation
under real flue gas conditions provides detailed insights into membrane durability, process dynam-
ics, and energy efficiency.
In parallel, process simulation models of both pilot plants are developed using gPROMS (General
PROcess Modeling System). These models are calibrated with experimental data and allow a sys-
tematic evaluation of performance metrics, including specific energy demand, separation efficiency,
and product quality. Simulation results are further used to explore optimal operating strategies and
to assess opportunities for integrating the two technologies into broader industrial process chains.
The combined experimental and modelling results illustrate the strengths and limitations of amine
scrubbing and membrane separation for steel and cement applications. By providing quantitative
insights into process behaviour, energy requirements, and operational flexibility, this work informs
technology selection and contributes to the ZEUS objective of demonstrating integrated CO2 capture
and utilisation technologies across industrial sectors.

Speaker Country:
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Development of low carbon rawmaterial substitution technology
based on BF process
Authors: Juhun Kim1; Sunghee Lee2; Jongho kim2
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The current national project we are working on is being carried out in two main parts until 2030.
The first part involves technology for injecting hydrogen-rich gas into the blast furnace, and the
second part focuses on developing technology for charging scrap/HBI into the blast furnace, which
will be developed up to the demonstration stage.
The first part will focus on securing the fundamental technology for the demonstration of hydrogen-
rich gas injection into the blast furnace by 2027, as well as analyzing and resolving operational issues
related to hydrogen-rich gas injection. From 2028 to 2030, the focus will shift to the demonstration
and optimization of hydrogen-rich gas injection into the blast furnace.
Detailed tasks include the development of hydrogen-rich gas supply facility technology,tuyere tech-
nology for hydrogen-rich gas injection, measurement of hydrogen utilization rate, combustion zone
simulation technology for hydrogen-rich gas injection, development of a hot metal [Si] model for
hydrogen-rich gas injection, raw material charging and blowing technology, evaluation of iron ore
characteristics for hydrogen-rich gas injection, and analysis of CO2 reduction effects from an LCA
perspective.
Participating organizations include POSCO, POSTECH, Sungkyunkwan University, Research Insti-
tute of Industrial Science & Technology (RIST), Korea University(Prof. Lee, Joon Ho), Seoul Engi-
neering, Pields Engineering, and KOMERA(Korea Metal Material Research Association).
The second part will focus on developing the fundamental technology for the demonstration of al-
ternative iron sources in the blast furnace by 2027, as well as analyzing and resolving phenomena
related to charging alternative iron sources into the blast furnace.
From 2028 to 2030, the focus will be on the demonstration and optimization of alternative iron
sources in a 2,500m³ medium-sized blast furnace, and on securing application technology for al-
ternative iron sources in a 5,000m³ large blast furnace.
Detailed tasks include analysis of expected effects and operational design for each alternative iron
source, development of simulations for scrap/HBI blast furnace reaction behavior, and establishment
of processes for scrap selection and shape management for blast furnace.
Participating organizations include POSCO, Hyundai Steel, Samyook SNG, and Seoul National Uni-
versity.

Speaker Country:
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AI and Machine Learning in Process Optimization I / 35

Multi-Tiered AI Implementation for Slag Property and Alloy Pre-
diction in EAF Operations: Operational Validation Access Three
Steel Producers
Author: Pamir Ozbay1

1 Fero Labs

Corresponding Author: pamir@ferolabs.com

EAF operations face critical variability challenges in scrap mix composition and quality that directly
impact slag basicity control and alloy chemistry prediction. Traditional multivariate statistical ap-
proaches rely on reactive empirical adjustments where conventional analytical tools reach compu-
tational limits for real-time process optimization.
This study presents operational validation of a four-tier AI implementation using Fero Labs’ Bayesian
machine learning software across three EAF producers: a high-end stainless steel sheet mill, a car-
bon steel sheet producer, and a structural steel facility. The multi-modal approach integrates scrap
yard characterization data, real-time melt plan parameters, charge analysis, and tap measurement
validation to provide comprehensive process optimization.
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Tier 1: Scrap-based prediction activated immediately upon charge schedule determination, enabling
proactive slag basicity and alloy content forecasting before bucket loading.
Tier 2: Real-time charge optimization providing operators with optimal chrome additions during
melt progression for stainless operations.
Tier 3: Enhanced prediction accuracy using updated scrap characterization and current melt plan
data, enabling precise lime addition adjustments and power-on time optimization.
Tier 4: Automated tap data analysis conducting multivariate correlation analysis across 10+ process
dimensions with automated investigation report generation.
Stainless Steel Mill: Chrome content coefficient of variance (CV) reduced from 16% to 13% through
multi-stage AI optimization, directly addressing the primary cost driver in high-end stainless pro-
duction.
Carbon Steel Mill: Slag B3 ratio CV improved from 12% to 6%, achieving 50% stability enhancement
through predictive slag characterization.
Structural Steel Mill: AI soft sensor implementation increased slag measurement frequency from
33% to 100% of heats, enabling proactive operations management for previously unmeasured heats.
In addition to improving operational stability, early results indicate slag basicity use case achieved
12% reduction in lime dosing, while charge chrome decrease delivered 2−5pertoninhighchromegradesand1-
3 per ton in low chrome grades.
Additionally, adverse event investigation closure time as reported by the engineers was reduced from
1-2 days to under 1 hour through automated multivariate analysis and reports with AI insights. This
enabled process engineers to dedicate additional time supporting operations teams with adopting AI
workflow, which proved essential for creating a continuous improvement cycle and achieving the
process stability improvements demonstrated across all three facilities.
The mills utilize Fero Lab’s no-code interface enabling process engineers to independently train and
maintain AImodels without external support. Browser-basedHMI delivers real-time predictions and
optimization recommendations directly to operators, facilitating seamless integration with existing
EAF control systems.

Speaker Country:
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Physics-InformedReduced-OrderModeling for Temperature Pre-
diction in Industrial Reheating Furnaces
Authors: Alessandro Parente1; Axel Coussement1; Jetnis Avdijaj2; Marcello Bentivegni3; Pratibha Biswal4

1 Professor
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axel.coussement@ulb.be

Industrial steel reheating furnaces operate at temperatures between 800℃ and 1300℃ and consume a
significant fraction of energy for the heating process. These units are significantly energy-intensive,
and accurate prediction of furnace gas and slab temperature distributions is essential. This can help
to maintain slab quality, support operational decision-making, improve thermal efficiency and en-
able decarbonization strategies (fuel switching, electrification). However, high-fidelity computa-
tional fluid dynamics (CFD) simulations are computationally expensive, which makes systematic
design optimization impractical. In contrast, purely data-driven surrogate models can alleviate the
computational cost. These methods often extrapolate poorly and can violate physics when applied
outside their training envelope.
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This study proposes a hybrid Reduced-Order Model with Physics-Informed Neural Network (ROM-
PINN) framework for fast and physically consistent prediction of furnace and slab temperature dis-
tributions in an industrial reheating furnace. Detailed CFD simulations have been carried out and
validated with real observations. These simulations are carried out for multiple syngas–natural gas
blends and representative operating conditions for the industrial reheating furnace. The resulting
high-dimensional CFD fields are reduced using Proper Orthogonal Decomposition (POD), yielding
a compact set of dominant modes. A fully connected feed-forward neural network learns the map-
ping from operating parameters to the corresponding POD modal coefficients, which are used to
reconstruct the full temperature field.
Radiation and conduction equations, as well as physical boundary conditions, are embedded directly
into the neural network training through a multi-term loss function. The physics loss penalizes vi-
olations of Fourier heat conduction in the steel slab and radiative transfer equation (RTE) for the
participating furnace gas, together with the Stefan–Boltzmann law governing the exchanges be-
tween the gas and solid surfaces and global energy conservation over the furnace control volume.
An adaptive weighting strategy tracks the relative magnitudes of data and physics residuals during
training.
The proposed framework can achieve speedups of several orders of magnitude compared with full
CFD simulations. In addition, this model can remain robust in extrapolation which means even
when applied outside the training envelope, it can avoid non-physical temperature overshooting or
violating physical constraints.

Speaker Country:

Belgium
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Universite libre de Bruxelles

New and emergent ironmaking Technologies I / 37

Assessment of Oxide Alloying Elements in the Hydrogen Plasma
Smelting Reduction (HPSR) Process

Author: Daniel Ernst Ernst1

Co-authors: Daniela Pircher 1; Susanne Michelic 1

1 Technical University of Leoben

CorrespondingAuthors: susanne.michelic@unileoben.ac.at, daniel.ernst@unileoben.ac.at, daniela.pircher@unileoben.ac.at

The steel industry accounts for roughly 7–9% of global CO₂ emissions, largely because traditional
production relies on carbon-based reduction methods. Reaching climate neutrality demands alterna-
tive process routes that eliminate direct CO₂ emissions. The Hydrogen Plasma Smelting Reduction
(HPSR) process is a promising carbon-free approach that uses hydrogen plasma simultaneously as a
heat source and a reducing agent, enabling the direct conversion of iron ore to steel in a single step.
This work explores the potential of the HPSR process not only for reducing iron oxides, but also
for the concurrent reduction of oxidic alloying elements such as NiO, MoO₃, and WO₃. This capa-
bility would allow the direct production of alloyed steels from mixed oxide feeds. Experimental
campaigns were conducted in a laboratory-scale HPSR reactor at the Chair of Ferrous Metallurgy,
Technical University of Leoben, Austria.

The investigations focused on reduction behaviour, temperature evolution, and key process param-
eters and were supported by gas analysis during operation and detailed characterization of the pro-
duced materials using scanning electron microscopy. The results demonstrate the strong reduction
capability of hydrogen plasma and confirm that multiple alloying oxides can be efficiently reduced
under appropriate operating conditions. Overall, the findings show that the direct production of pre-
alloyed steels from mixed oxide charges in a single-step, CO₂-neutral HPSR process is technically
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feasible. This approach offers a meaningful pathway toward more sustainable and climate-friendly
steelmaking.

Speaker Country:

Austria
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Technical University of Leoben
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Development of CO2 Emission Reduction Technology in Blast
Furnace Process using H2 rich Gas Injection and Alternative Iron
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Author: WOONJAE LEE1
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The environment surrounding the iron and steel industry has greatly changed. The Paris Agreement,
a new climate change regime, has been in effect since ‘21, and the Parties announced the National
Determined Contribution (NDC) in accordance with the Paris Agreement. After the establishment
of the NDC in 2015, Korea revised its target to “reduce the greenhouse gas emissions by 40% com-
pared to 2018 by 2030,”which has been significantly raised compared to the previous one.
The steelmakers around the world are also declaring carbon neutrality and actively developing the
innovative hydrogen reduction steelmaking and CCUS technologies to realize it. The present carbon
based BF process with high efficiency and large scale has been occupied approximately 70% of steel
production and required the unlimited endeavors for carbon reduction within its technical limits
until hydrogen reduction steelmaking conversion as bridge technology.
POSCO has been carried out the national project (COOLSTAR) that is to directly reduce CO2 emis-
sion by injecting by-product gas(COG) into tuyeres and charging low reduced iron(LRI) into blast
furnace that is partially reduced in fluidized bed reactor using reduction gas converted from by-
product gas and improving the qualities of raw materials. This project has been progressed through
the pilot-scale of technology development and currently, being developed for application in a com-
mercial blast furnace. In this presentation we would like to introduce some of the results obtained
from the pilot scale national project

Speaker Country:
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POSCO

Scrap management and quality improvement / 39

Next Generation Raw-Material and Process Optimization in Elec-
tric Arc Furnace Steelmaking
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Electric arc furnace (EAF) steel making is increasingly impacted and challenged by volatile scrap
markets, scrap quality, energy prices and supply chains. This makes it extremely hard to optimize
the operational costs, because of constant daily changes in framework conditions. These dynamics
limit the effectiveness of traditional heat-by-heat optimization, particularly when real production
orders must be planned across multiple days or weeks. Existing software systems typically optimize
either the raw-material selection or alloying strategies for individual heats but lack the capability
to perform connected, long-range planning that accounts for stock depletion, future deliveries, hot-
heel strategies and intraday energy price variations.
Thus, the demand for sophisticated software solutions that can react to the challenging and fast-
changing conditions is extremely high. Recent advances in computational power and artificial in-
telligence, however, have enabled the development of a more sophisticated solution called “qontrol
maps”.
This work presents a hybrid metallurgical and machine-learning framework engineered for raw-
material characterization, basket charge mixes and heat optimization within a campaign context,
where multiple consecutive heats over days or weeks are optimized simultaneously. The model
integrates chemical, thermo-kinetic, logistical, economic and environmental constraints across the
entire melt-shop route. By coupling real-time inventories, energy and material prices, morphology-
based melting kinetics, future deliveries, virtual materials and hot-heel conditions and more, the
system identifies optimal material allocations and energy-use strategies that cannot be resolved by
traditional optimization approaches.
Real-time scrap, alloying and additive prices, stock levels, future deliveries and scheduled production
orders are provided as input. The total number of heats and all operational and logistical constraints
(e.g., charging limits, scrap morphology, alloying) are then defined. Based on this information, qon-
trol maps determines cross-process the cost-optimal practice across the entire campaign. This means
that the optimization of raw-materials, charges and heats are linked together and computed simul-
taneously. Each step in the process: from scrap selection and layering, hot-heel usage, melting
behavior, slag formation and casting constraints, contribute to the overall optimization, as decisions
in one heat influence the boundary conditions of subsequent heats. Consequently, the entire produc-
tion route affects the optimal solution, enabling a level of coordinated planning that is not achievable
with isolated individual heat optimization.
Industrial applications demonstrate significant reductions in costs, electrical energy demand and
CO₂ emissions, together with improved melt-in stability and more efficient use of scrap. The pro-
posed methodology establishes a shift from isolated, single-step optimization toward big-picture
predictive campaign optimization for modern EAF operations.

Speaker Country:
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Innovations in EAF Technology II / 40

Application ofModularMultilevel Converters in Electric Arc Fur-
nace Systems
Authors: Daniel Dinkel1; Domagoj-Kresimir Jukic1; Klaus Weinzierl1

1 Primetals Technologies Germany GmbH
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Electric arc furnaces (EAF) play a pivotal role in the steel industry’s transition toward renewable
energy and reduced emissions. However, their grid-disturbing behavior makes it increasingly chal-
lenging to integrate new systems into weak grids.
To meet these demands, Primetals Technologies has developed the Active Power Feeder (APF) based
on Modular Multilevel Converters (MMC) technology. MMCs are widely used in HVDC and other
high-performance applications thanks to their modular and scalable design, multilevel voltage out-
put, inherent redundancy, high efficiency, reduced necessity of passive filters, and fault-ride-through
capability. For EAF operation, these advantages can be used to full capacity.
First, grid stabilization is essential. The APF enables active power control for EAF operation while
compensating other furnaces by injecting reactive power to stabilize grid voltage and frequency.
Second, process optimization ensures the most efficient melting procedure. Acting as an electric
actuator, the APF provides precise, high-bandwidth control of arc currents and voltages - supe-
rior to slower mechanical actuators. By limiting current spikes, it reduces material wear. Rapid
voltage adjustment prevents arc loss and eliminates the need for on-load tap changers at the trans-
former.

This publication will include information and technical data from the first installed APF-system,
used for production at an industrial steel plant (It is intended to provide name and location of the
steel plant. However, this needs to be requested according to data protection). Beside the metallur-
gical and process optimizations, electrical characteristics will also be explained. The new degrees of
freedom for control of the EAF like frequency, overcurrent protection, dynamic and unsymmetric
operation and several others are part of the investigations done in the oral presentation/paper.
Additionally, a technical view on the used hardware components is planned. This includes power
electronic modules, passive components (reactors), cooling strategy and an overall explanation of
the circuit.
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Monitoring the Ar-plasma pre-melting of fluxed Cr2O3 and iron
oxides in a lab-scale electric arc furnace
Author: Yuhan Sun1
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Natural chromite ores can be classified into high-grade, sub-grade and low-grade chromium ore re-
garding the concentration of Cr2O3. All categories of chromium ores are available for ferroalloy
production. Around 80%-90% of ferrochrome (FeCr) which yields from the energy intensive carboth-
ermic smelting of chromium ore is consumed by the production of stainless steel. Stainless steel
is widely used in various applications including construction, automotive, aerospace, and kitchen-
ware. A fundamental study on recognizing the impact of common fluxes on the formation of desired
and undesired spinels in interaction with Cr2O3 is required. It is due to the modifying the melting
behavior of synthetic chromite in the smelting process via electric arc furnace (EAF). CaO and SiO2
are two common fluxes in the chromite smelting process to lower the melting point of Cr2O3 and
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increase the efficiency of reduction process.
In this work, the pre-melting of fluxed Cr2O3 and iron oxides are studied by self-developed lab-scale
EAF in an argon atmosphere. Besides that, investigating the interaction between slag/oxides and
crucible in high temperature, which is made from refractory material MgO, has also been analyzed.
The melting process is monitored by optical emission spectroscopy (OES) coupled with camera to
record the reactions during the melting. The OES focuses on analyzing plasma composition, present-
ing how the intensities of different elements evolve as the function of time, and evaluating plasma
characteristics. The plasma video will provide a direct look into the reactor, i.e. the dynamic be-
havior of plasma arc, the status of molten bath and crucible, the filtered pixel intensities from the
extracted plasma images. Energy consumption will also be considered for further optimization of
energy saving.
With the help of OES in-situ monitoring in EAF, the melting properties of chromite ore can be better
understood by initially studying synthetic chromite (Cr2O3-Iron Oxides-CaO-SiO2) system and ad-
justing to different slag basicities. Optimal mixtures can then be approached and identified in future
studies.
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Valorization of EAF Slag&Dust forHigh-ValueApplications: Chal-
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The steel industry’s transition towards lower CO2 emission is accelerating the shift from BF/BOF
routes to direct reduction and electric arc furnace (EAF) operations. This green steel transformation
will significantly increase EAF-related byproducts such as slags and dusts. Unlike BF slag, widely
used as a secondary cementitious material (SCM), EAF slag faces limited utilization due to compo-
sitional challenges—particularly high FeO, MgO as well as Cr and V-Oxides—resulting in frequent
landfilling or low value applications. EAF dusts, typically rich in Zn, are mainly recycled via the
Waelz process to recover crude zinc oxide. While energy-efficient, this process emits high CO₂, pro-
duces iron-rich slag requiring disposal, and yields zinc oxide that demands further treatment and
remains only partly usable in primary zinc applications—highlighting the need for cleaner, circular
technologies.

This paper examines advanced valorization strategies for EAF by products, focusing on thermal
reduction processes in electric smelting furnaces which could be a promising solution for both slags
and dusts. Smelter-based treatment of EAF slags enables recovery of valuable metals and allows to
modify slag mineralogy, making it suitable for usage as SCM or as a decarbonized raw material for
cement production depending on the legislative limits. The recovered metal fraction can substitute
scrap or be reused as hot metal, supporting circular economy principles by reducing CO₂ emissions
and eliminating landfilling. Comparison with other slag treatment solutions like conventional cold
processing shows the smelter based thermal reduction is the only option for full metal recovery and
highest value output material streams.
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For EAF dust, several technologies—including hydrometallurgy and pyrometallurgy—are under de-
velopment. Primetals Technologies’Zinc Extraction Process (ZEP), combining pre-calcination and
thermal reduction, addresses Waelz process drawbacks by fully valorizing iron- and zinc-containing
dust with minimal CO₂ emissions. The Smelter step recovers iron and zinc while converting the min-
eral fraction into a product suitable for construction industry. The pre-calcination step for high-zinc
containing EAF dust is designed to remove contamination of halogens and heavy metals enabling
higher purity crude zinc quality. Utilizing renewable energy and secondary carbon carriers, ZEP
offers a sustainable, circular solution for dust recycling.
Technical, economic, and regulatory challenges for implementing these processes will be discussed,
alongside their role in enabling high-value outputs for steel and cement industries, contributing to
a low-carbon future.
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Biochar as a substitute for fossil-based injection coals in EAF op-
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In electric arc furnaces typically fossil coal in form of petrol coke or similar is used to create slag
foaming in the refining phase. This is responsible for roughly 5-10 % of total CO2-emissions in
electric steel production, which means potential savings of 30–60 kg CO2/t steel if carbon neutral
sources are applied.
Therefore, a fundamental investigation of the reaction behaviour of different carbon sources in EAFs
is studied in this paper. This includes lab tests, various simulations as well as industrial injection
trails.
The primary objective is to enable the substitution of fossil-based injection coals with biochar in EAF
operation by establishing robust criteria for material suitability, especially concerning the ability of
the coal to produce foaming slag. The approach models the thermal and chemical conversion of
individual coal particles, employing a layer-based model tailored to EAF conditions. The model pa-
rameters are calibrated using experimental data from laboratory-scale decomposition tests of biochar
and petrol coke. The model is then applied to calculate the conversion of biochar and petrol coke
under EAF conditions (gas atmosphere and temperatures) and assess the performance of biochar
regarding slag foaming.
The enhanced layer model, validated by experimental decomposition tests, accurately predicts the
conversion behaviour of both biogenic and fossil coals. Key findings include:
• Particle density and diameter are primary influencing factors on conversion time; lower density
and smaller diameter accelerate conversion.
• Specific surface area and pore size exhibit compensatory effects; increased surface area can be off-
set by reduced pore diameter due to diffusion limitations.
• High volatile content in biochar is disadvantageous for EAF use, as volatiles are rapidly released
and do not contribute to slag foaming.
• The model supports the definition of optimal particle size and density for each type of biochar,
ensuring comparable performance to fossil coal in EAF operation regarding slag foaming.
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These findings have also been verified within several injection trials in an electric arc furnace where
almost no difference of reaction behaviour was noticeable between petrol coke and biochar. Within
these investigations it could be shown that each carbon source needs to be prepared and produced
in a different way to get the desired results. Following, it is technically possible to substitute fos-
sil carbon sources as injection material for slag foaming by biochar if the correct type of biochar
combined with the appropriate pre-treatment is chosen.
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Training Electric Arc Furnace operators requires time, controlled conditions, and supervised expo-
sure to plant operations. Many critical events cannot or should not be observed during live training
because they carry safety risks or depend on rare process conditions. Simulation based training ad-
dresses this gap by reproducing the operational environment without exposing personnel or equip-
ment to danger.
The paper presents a simulation-based training environment designed to accelerate the preparation
of operators in electric arc furnace plants. The system combines structured learning modules, mul-
timedia training material, and a fully interactive 3D model of the EAF to reproduce the operational
sequence from charging to tapping. The platform relies on a backend that records user actions and
evaluates progress, but its central function is practical, simulation driven familiarization with real
operating conditions.
Training begins with guided content that introduces the fundamental process steps, equipment con-
figuration, and safety constraints of the furnace area. This establishes the technical baseline before
the user moves to hands-on simulation.
Indeed, the core component is the embedded 3D interactive model. It provides a direct, operational
representation of the furnace and auxiliary systems, allowing the trainee to perform critical tasks
such as deslagging, control of foamy slag formation, tapping, tilting etc. Because the environment is
simulated, users can also experience the direct consequences of wrong decisions without putting per-
sonnel or equipment at risk. This enables learning by doing, including deliberate exposure to rare,
hazardous, or cost-sensitive scenarios that cannot be reproduced safely in the production plant. The
full furnace phases sequence can be observed, manipulated, and repeated, supporting both procedu-
ral understanding and situational awareness.
The system serves steel plants where long-standing operational practice must coexist with modern
methods. It reinforces traditional training by offering a realistic, repeatable, and risk-free reproduc-
tion of key tasks, while adding the advantages of data collection and performance tracking. The
result is a unified tool that standardizes operator onboarding, strengthens safety culture, and im-
proves the transfer of operational know-how across teams.
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Figure 1: Deslagging phase simulation
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Evolving AC electric steelmaking –from thyristor based digital
power supply solutions to the next generation advanced furnace
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Electric steelmaking is undergoing a significant technological transformation propelled by innova-
tions in power electronics, automation, and digitalization. This paper presents a comprehensive eval-
uation of two generations of digital power supply technologies for AC electric arc furnaces (EAF),
highlighting the successful implementation of advanced control systems that drive productivity, op-
timize energy consumption, and elevate operational safety.

A decade ago, ABB commissioned a first-generation digital AC EAF utilizing Hatch’s SPLC technol-
ogy. Long-term operational data reveal advantages in several areas including gains in production,
reduced electrical and electrode consumption, and enhanced process stability through independent
arc voltage and arc current control. These improvements have contributed to more sustainable steel-
making practices and lower operational costs.

Recognizing the need for superior power quality, the next generation of digital power supply sys-
tem was developed. This innovative solution combines precise furnace power management with
advanced power quality enhancement, including active power control, reactive power compensa-
tion, flicker reduction, and harmonic mitigation for furnaces connected to medium and high voltage
grids. The unified series and shunt control architecture delivers robust arc stability, increased pro-
ductivity and grid-friendly performance, supporting seamless integration with renewable energy
sources and facilitating decarbonization efforts within the steel industry.

Comparative analysis of field data demonstrates the effectiveness of these power electronic solu-
tions in achieving reliable, efficient, and environmentally responsible steel production. Enhanced
automation and digitalization enable precise melting process control, further reducing energy us-
age and maintenance requirements, while improving safety by minimizing personnel exposure to
hazardous conditions and supporting proactive risk management.

This work underscores the role of cutting-edge digital power supply systems in advancing electric
steelmaking, aligning with industry priorities of energy efficiency, grid integration, sustainability,
and workplace safety.
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Closed-Loop Optimization for Energy Efficiency and Scrap Uti-
lization in Steelmaking at Marcegaglia Sheffield
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1 Primetals Technologies Austria

Corresponding Author: andreas.rohrhofer@primetals.com

This paper presents the deployment and benefits of a comprehensive closed-loop process optimiza-
tion system at Marcegaglia Sheffield, UK, covering Scrap Yard, Electric Arc Furnace (EAF), Argon
Oxygen Decarburization (AOD), and Ladle Furnace (LF) operations.
The paper focusses on Scrap Yard and EAF as key stages, and discusses how advanced sensor systems
in combination with closed loop control enable significant improvements in energy efficiency and
raw material utilization. By leveraging model based algorithms and dynamic process adjustments,
the system optimizes scrap mix composition and minimizes energy consumption during melting.
This paper highlights the potential of digitalization and intelligent control strategies to transform
traditional steelmaking into a more sustainable and resource-efficient process.

Speaker Country:
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Transitioning from traditional integrated steelmaking using blast furnaces to direct reduction com-
bined with electric arc furnaces is among the most promising strategies to reduce CO₂ emissions in
iron and steel production. However, the availability of raw materials required for this route, such
as high-grade iron ores, is limited. To overcome this constraint, alternative green production routes
employing a two-step process with a Smelter followed by a BOF are gaining attention. The Smelter
enables efficient melting and final reduction of low-grade DRI and allows recycling of iron oxide-rich
by-products such as dusts, slags, and mill scale. Additionally, this two-step process offers several
options to decouple ironmaking from steelmaking, enabling the energy-intensive ironmaking step
to be located in regions with competitive access to green energy.

This paper presents a detailed comparison between the one-step EAF route and the two-step Smelter–
BOF route. The analysis begins with input material flexibility: EAF offers high adaptability in charge
mixes, while the Smelter provides superior tolerance for varying ore grades and by-product recy-
cling. Metallurgical aspects and steel quality considerations are examined, including differences in
refining practices in EAF versus BOF and their implications for secondary metallurgy. By-product
management is another key differentiator: Smelter slag can be granulated for high value use in
cement production, whereas EAF and BOF slags typically require separate treatment to avoid land-
filling.

Finally, the paper compares operational expenditures, including CO₂-related costs, and capital expen-
ditures for both brownfield and greenfield installations. The findings highlight trade-offs between
raw material flexibility, process efficiency, and cost structure, providing insights into how these
routes can complement each other in achieving large-scale decarbonization of iron and steelmak-
ing.
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Slag control and refractories I / 48

Towards Better Furnace Design: Minimizing Energy Consump-
tionThrough Controlled Freeze Lining Formation
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The formation of freeze lining (FL) –a solidified slag layer that protects the furnace inner walls
and refractory linings from chemical corrosion and physical degradation –is essential for the safe,
energy-efficient, and long-term operation of high-temperaturemetallurgical reactors. Building upon
a successful prior research program, a new consortium has been established, bringing together Mon-
tanuniversität Leoben (MUL) and KU Leuven (KUL) with the industrial partners RHI-Magnesita,
Aurubis, and Primetals Technologies. This new partnership addresses fundamental and industrial
challenges associated with FL formation to accelerate the transition toward the next generation of
sustainable pyrometallurgical processes.
The previous work successfully established a physics-based Computational Fluid Dynamics (CFD)
model framework and validated it against laboratory measurements and industrial data from an elec-
tric smelting furnace and a slag fuming reactor. The simulation results demonstrated good agree-
ment with experimental data for FL thickness, heat fluxes, and global energy balance, thus providing
a solid foundation for further refinement.
The newly-established research project introduces significant new experimental capabilities at both
scales. Laboratory experiments use transparent analog systems and custom crucibles with direct
visual access for in-situ observation of FL evolution, complemented by industrial-relevant cooling
probes and high-resolution diagnostics for accurate measurements. These methods provide unprece-
dented insights into solidification kinetics, microstructure development, mobile-crystal transport,
and the coupling between flow and phase change. These are phenomena critical to FL formation
but remain insufficiently understood. At the industrial scale, new industrial-scale test campaigns in
the slag fuming furnace (process used to recover valuable metals from slags) and in the emerging
hydrogen-based electric smelting furnace (a key technology for the new carbon-neutral steel pro-
duction) will supply critical real-word data for comprehensive model validation.
The integration of advanced laboratory measurements and multi-process industrial-scale validation
will deepen the understanding of the physics governing FL formation and enable a substantial refine-
ment of the CFDmodel framework. This collaborative effort between academia and industry directly
addresses the existing knowledge gaps in slag solidification and FL dynamics. The resulting refined
model will be a powerful tool to optimize furnace design, minimize energy consumption through
controlled FL formation, and ultimately lead to tangible benefits in the respective industrial process
and accelerate the transition toward low-carbon and circular metallurgical processes.

Speaker Country:

Austria

Speaker Company/University:

Montanuniversity of Leoben

Ongoing Research in Electric Steelmaking II / 49

ATime-based Pellet Melting Approach toModel Feed Pile Forma-
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Tata Steel Netherlands (TSN) produces approximately 7 million tonnes of steel annually, which is
equivalent to the national consumption, resulting in about 12 million tonnes of CO₂ emissions per
year, which accounts for around 7% of the Dutch total. Nearly 90% of these emissions originate from
producing hot metal in blast furnaces.

To reduce emissions by 70% by 2035, TSN, under the Groeien met Groen Staal (GGS) program funded
by the Dutch government through the National Growth Fund, plans to replace its two blast furnaces
with more sustainable production routes. One potential route involves reducing iron ore pellets in a
Direct Reduction Plant (DRP) to produce Direct Reduced Iron (DRI) pellets, which is then melted in
an Electric Smelting Furnace (ESF). In the ESF, DRI pellets and additives are charged from the top,
forming a solid feed pile that penetrates the slag and hot metal layers, where heat is transferred from
electrodes to the pellets via the slag and hot metal layers, causing them to melt.

One key uncertainty in this process is the formation and behaviour of the feed pile under varying
operational conditions, which involves a balance between feeding, pellet melting, and interactions
of pellets with the slag and hot metal layers. This study investigates feed pile formation using a
coupled Discrete Element Method (DEM) and Computational Fluid Dynamics (CFD) method with a
time-based melting approach.

Two scenarios are modeled: one allowing slag penetration into the feed pile, and another excluding
it, resulting in a dry pile consisting only of pellets and gas in the pore space, with a transition zone
of a few pellet diameters to the slag and hot metal layers (Figure 1).

https://imgur.com/a/JjUkJG4
Figure 1 –Illustration of feed pile interaction with the slag layer under two conditions: (a) slag pene-
tration into the pile, where buoyancy forces (Fb,a) act upward within the pile; (b) dry pile condition,
buoyancy forces (Fh,a) act primarily at the pellet-pile interface.

A time-based melting model describes the DRI melting process in three stages: (1) shell formation,
(2) shell remelting, and (3) pellet core melting. To extend the model and incorporate more physics,
a cohesion model based on the Johnson-Kendall-Robertson (JKR) theory is implemented to account
for inter-pellet cohesive forces during melting. A preliminary parameter study is also conducted to
evaluate the influence of key variables on feed pile shape.
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A Global Multiphysics Model of Flow Mechanisms in Industrial
Scale DC Electric Arc Furnaces
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Electric arc furnaces (EAFs) play a very important role in modern steel making by offering both an
environmental and operational advantages over blast furnaces. An important gain by EAF utiliza-
tion relies in lower carbon emission, potentially a zero-carbon footprint when relying on renewable
energy sources. Moreover, EAF offers greater operational flexibility and higher energy efficiency
through precise electric heating and production of high-quality steel with minimal impurities mak-
ing it essential for sustainable and green steel production.
This study presents a comprehensive 2D axisymmetric model of an industrial-scale direct-current
electric arc furnace (DC-EAF), fully integrating the electric arc, slag layer, molten metal bath, and
refractory walls. The model simultaneously solves coupled electromagnetic, thermal, and hydrody-
namic fields across the entire furnace domain, building upon prior validated sub-models for the arc
and liquid metal regions. Simulations were conducted for DC arcs operating at 30 kA and 60 kA. Key
findings highlight the furnace’s flow dynamics, including arc characteristics, impingement effects,
magnetohydrodynamic interactions, and buoyancy-driven convection. Three primary flow mecha-
nisms are identified: (1) arc-induced shear stress driving slag radially outward at the surface; (2)
electro-vortex effects generating inward convergence beneath the arc in both slag and metal phases;
and (3) pronounced thermal buoyancy near the arc and walls, arising from steep temperature gra-
dients. Additionally, arc impingement depth into the bath exhibits strong dependence on current
intensity. The model yields valuable insights into internal EAF conditions that are experimentally
challenging to probe under extreme operational environments.
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Moving to next EAF digital furnace: first heat at Hybar with SMS’
s group X-Pact AURA
Authors: Luca Bernardis1; Massimo Giovanni Bartolomeo Lugnani1
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The paper presents the new EAF digital furnace implemented at Hybar’s new 630,000 tpy rebar mi-
cromill in Osceola, Arkansas. The X-Pact® AURA was pre tuned before delivery using advanced
development and testing methods with RTDS simulations (Real Time Digital Simulator), which al-
lowed it to be commissioned in two days only and the EAF to be rumped up in only four heats. The
X-Pact AURA family of IGBT based power modules is capable of feeding EAFs from 5 MVA up to
350 MVA. This fully modular technology provides the required efficiency, dynamic control, and flex-
ible power to meet the needs of the green steel transformation and grid code requirements. Using
this innovative technology and proprietary control algorithms, which take full advantage of power
electronic capabilities, ensures the highest power transfer and the lowest impact on grid, especially
regarding flicker limits. Hybar’s steelmaking facility operates entirely on renewable energy, made
possible by the seamless integration of a solar farm with X Pact AURA’s clean and flexible EAF
power supply. Moreover, EAF performance has been improved by the addition of fault ride through
capability, which demonstrated power supply resilience and enhanced plant availability by avoiding
EAF stoppages.
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Effect of bottom-blowing pattern on the motion behavior of HBI
at the bath surface in an EAF-typed water model
Author: Ji Hyeon Park1

Co-author: Sun-Joong KIM 2
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Technological advances in steel production have greatly contributed to industrial growth, yet the
steelmaking process still faces a critical challenge: the emission of large amounts of CO₂. Achieving
carbon neutrality and transitioning toward a sustainable steel industry require a fundamental shift
in production methods that can sustainably reduce CO₂ emissions. In this context, hydrogen-based
direct reduction, which utilizes hydrogen as a reductant to produce DRI/HBI that is subsequently
melted in an electric arc furnace (EAF), is regarded as a next-generation technology with strong
potential to drastically lower CO₂ emissions in steelmaking systems. However, the implementation
of this technology requires shifting from the conventional BF-BOF route to an EAF-based process,
accompanied by enhancements in the stirring capability of the EAF. Due to the relatively low phys-
ical stirring force of EAF, non-uniform energy transfer in the process of melting and separating
gangue within the DRI can lead to repeated local melting and solidification. As a result, the iceberg
phenomenon occurs, leaving portions of the direct reduced iron unmelted. This condition decreases
operational productivity and increases the required melting energy, thereby compromising the op-
erational stability of the EAF. Therefore, enhancing the stirring force within the EAF is essential
for stable DRI/HBI melting, and bottom blowing technology has been recognized as a representa-
tive solution. In this study, an EAF-typed water model was used to investigate the motion behavior
of density-matched surrogate DRI/HBI samples under bottom-blowing conditions. The effects of
symmetric and asymmetric pattern of gas flow rate on the motion behavior of those samples were
identified. Furthermore, the perfect mixing time was measured under various gas flow rate condi-
tions to determine the optimal operating conditions. These results suggest that controlling the gas
flow rate can improve melting efficiency by influencing the motion behavior of DRI/HBI.
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Next Generation Direct Feed MV Power Supply for Large Steel-
making EAFs
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The expansion of EAF production, alongside with the large-scale deployment of renewable energy
sources, has significant impact on network stability and local capacity. Steel producers will face
growing pressure to minimize disruptions to the electrical grid and meet ever increasing utility
requirements. To tackle these challenges a novel multilevel converter for the decoupling of EAF
operation from the medium voltage grid supply was developed, installed and commissioned in a
German steelmaking plant in Dec. 2024. This Direct Feed (DF) Power Supply enables steelmakers
to increase both, power quality and EAF performances. Key benefits demonstrated during full heat
cycle operation in the nominal power range (up to 130MW) include flicker reduction up to the factor
of ten for 10 min. values resp. eleven for 1 min. values, EAF operation with individually controlled
electrode currents, and related EAF performance benefits that will be highlighted in the EEC 2026
conference paper with the title “Direct Feed to Enhance Power Quality and EAF Performances”.
The DF modular multilevel converter (MMC) design is based on robust press-pack IGBT technology
that has been adapted to meet the special needs of electric arc furnace power supplies and can be
scaled up to a power level of 260 MW, without generating reactive power in the medium voltage
grid (power factor above 0.99 at the HV busbars without additional power compensation systems).
The latest DF converter design has a redundant control architecture and can be operated at nominal
power with n-1 submodules in each converter arm. This enables to restart the converter after a
component failure in any of the 12 converter arms and continue EAF operation without a loss in
performance, enabling to fulfill highest availability requirements for the power supply. Thanks to the
variable output voltage and frequency of the DF power supply, the control tasks for the existing EAF
transformer tap changer is significantly reduced. TheDF converter control system has demonstrated
that it can reliably control and limit the electrode currents to predefined values, which significantly
reduces the stress on the entire power supply network. Thanks to these gains in controllability,
power quality and EAF performance, five large steelmaking plants have decided to build on this
new type of MV MMC DF power supply, the largest one is an EAF with a peak nom. power of 260
MW.

Speaker Country:

France

Speaker Company/University:

GE Vernova

Automation and Digitalization in Electric Steelmaking II / 54

Refractory lining monitoring on different metallurgical vessels
(EAF, LF, RH Degasser, Induction furnaces, plugs) with Saveway

Author: Steven Reumschüssel1

1 Saveway GmbH & Co. KG

Corresponding Author: s.hofmann@saveway-germany.de

It’s not a question anymore, it’s already a fact that the transition towards CO2 reduced steelmaking
will come alongwith a great number of changes in numerous areas of the production chain. Focusing
on the melt section, one of the biggest challenges is the entry of new/different equipment to process
from scrap to casting. To cope with these, it is mandatory to use state-of-the-art technology for
controlling the process parameters alongside. One of these available technologies is focusing on the
status of the refractory lining to determine how it can withstand the new process conditions. The
monitoring can be performed in different metallurgical vessels, such as Electric Arc Furnaces, Ladle
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Furnaces, RH-Degassers, Coreless Induction Furnaces or considerably simple units like porous plugs.
In certain applications it might be required to monitor some small weak spots only, provided You
can tell where these are! Other applications obviously require a more comprehensive monitoring.
Several areas of the refractory linings will be facing an aggressive impact of the process and thus are
prone to experience a significantly quicker refractory deterioration than others do. For conducting
an efficient and reliable production it is key to determine these areas quickly and take measures and
action to eliminate these weak spots as they have a high potential to cause unexpected shutdowns of
the equipment. Furthermore, there is a potential thread to the integrity of refractory linings which is
more often neglected. This is the simple affect of moisture or water to their condition. Cooling water
leaking into the refractory lining not only causes visible damages (e.g. Explosions). The invisible
damage by compromising the mechanical and thermal properties of linings, means turning bricks
into non- refractory powder, might even be the more sinister scenario.
This paper will provide insight in Saveway’s solutions to address the problems mentioned above by
using state-of-the-art but well-established technologies to monitor melting equipment for refractory
hot spots, penetration and influences caused by dangerous cooling water leakages.
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Transition towards fossil-free iron and steel production increases the role of electric arc furnaces
(EAF), whereas the role of blast furnaces (BF) decreases. This has drawn an increasing attention
towards the valorisation of EAF slags with the target in the high value applications such as supple-
mentary cementitious materials (SCM). This is supported not only by the declining production of
the granulated blast furnace slag (GBFS) currently widely used as a SCM, but also common targets
for both cement and steel industry to reduce carbon dioxide emissions.

Due to their different chemical and mineralogical composition, structure and properties in compari-
son to GBFS, the EAF slags cannot be used as SCMs as such (Kallio et al. 2025). It is widely considered
that usage as SCM requires treatments such as modification of the composition towards lower ba-
sicity, removal of certain components (e.g. via reduction), controlled and sufficiently fast cooling as
well as a feasible way to even out the potential differences due to use of different kind of raw mate-
rials in the EAF (steel scrap, DRI reduced with either hydrogen or other reductants, Fe-containing
secondary materials such as briquetted dusts, etc.).

The properties and potential applicability of EAF slags are affected by several variables:

• Used raw materials (steel scrap, DRI) and their composition.

• Aimed basicity of modified slags.

• Amount and nature of materials used to modify the basicity (e.g. quartz, silica-containing tail-
ings).

Page 39



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

• Aimed reduction degree of reduced metals (e.g. iron), when recovering metals by reduction.

• Amount and nature of materials used as reductants (e.g. coal, biochar, aluminium, ferrosilicon).

The purpose of this study has been to supplement the experimental studies (Merenluoto 2024; Meren-
luoto et al. 2026) with thermodynamic simulations in which both equilibrium and Scheil-Gulliver
calculations were made for different slag systems with varying compositions. Although not being
able to simulate the formation of amorphous glass phase obtained with fast cooling of low basic-
ity slags, computational thermodynamics nevertheless offer a tool to quickly estimate the effect of
different slag treatments on the stabilities, amounts, compositions and solidification orders of solid
crystalline phases as well as solidus and liquidus temperatures.

Kallio, R., Cantaluppi, M., Louhisalmi, J., & Visuri, V. V. (2025). Mineralogical characteristics of fossil-
free steel slags. Minerals Engineering, 230(April), 109396. https://doi.org/10.1016/j.mineng.2025.109396

Merenluoto, A. (2024). Effects of Modification and Granulation on Properties of Dri-Based Eaf Slag
(Issue July). University of Oulu.

Merenluoto, A. et al., to be submitted 2026.
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Control of Free-CaO in Steel slag via heat treatment
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In Korea, approximately 20 million tons of slag are generated annually from ironmaking and steel-
making processes, underscoring the need for effective recycling strategies. Since CaO, a major com-
ponent of slag, reacts with CO2 to form CaCO3, the utilization of slag as a CO2 sorbent has paid
great attention.
Specifically, free-CaO (f-CaO) within the slag also participates in carbonation reactions, contribut-
ing to CO2 capture capacity. However, research on the direct application of iron and steel slags for
CO2 capture and utilization remains limited. Furthermore, the presence of f-CaO poses significant
issues, such as strength degradation due to volume expansion, when slag is utilized as a construction
material. Therefore, the removal of f-CaO is crucial not only from a CO2 capture perspective but
also for enhancing the applicability of slag in the construction industry.
In this study, a leaching–precipitation process was employed to steel slag to evaluate and optimize its
CO2 capture performance. The effects of leaching temperature, particle size, and agitation method
on the amount of captured CO2 were systematically investigated. In addition, heat treatment was
employed to induce phase transformations in the slag by varying the temperature and duration,
and the resulting changes in f-CaO content and crystalline phases were subsequently analyzed. Fur-
thermore, to investigate the correlation between the structural changes in the molten slag and the
quantitative analysis results of f-CaO, molecular dynamics (MD) simulations were employed to ex-
amine the relationship between Ca-O and other metal ions at various heat treatment temperatures.
Based on the quantified CO2 capture efficiency under various operating and thermal conditions, this
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study assesses the potential of steel slag as a high value-added resource for CO2 sequestration and
utilization.

Keywords: Free CaO, CO2, CCUS, Steel slag

Speaker Country:

Korea South

Speaker Company/University:

Inha university

Use of alternative iron sources / 57

Impact of New Iron Sources on Basic Oxygen Furnace Operations
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The global shift toward decarbonised steel production with the increasing use of low-grade iron
sources has driven interest in introducing electric smelting furnace (ESF) to process low-grade di-
rect reduced iron (DRI) and generate ESF hot metal as a replacement of the blast furnace (BF). At
the same time, the gradual scarcity of high-quality scrap has increased interest in using hydrogen
based DRI as a coolant in the BOF. While attractive from both sustainability and resource-flexibility
perspectives, the thermochemical implications of incorporating ESF hot metal and hydrogen based
DRI as alternate feeds with variation in composition, temperature, and gangue content into the BOF
are still not well quantified. A better understanding of these effects is critical for ensuring stable
operation and preserving steel quality while executing decarbonisation strategies.

Building upon previous research at Swinburne, this study evaluates how alternate feed characteris-
tics influence BOF performance through mass and energy balance (MEB) analysis and kinetic mod-
elling with focus on droplet bloating and decarburisation. A detailed MEB model of the overall pro-
cess was developed and validated against industrial data. Parametric simulations were performed
across representative ranges of carbon and silicon levels in ESF hot metal and across different types
of DRI, such as natural gas DRI and hydrogen DRI, allowing assessment of BOF process sensitivity
to alternate feed chemistry.

The results demonstrate that reduced carbon and silicon contents significantly lower the thermal re-
serve of the BOF, decreasing the available chemical heat. Consequently, scenarios with low C and Si
exhibit reduced scrap melting capacity and steel yield. Increasing the temperature of ESF hot metal
can partially compensate for the loss of thermal input. Slag generation shows a stronger dependence
on silicon, since a higher Si level produces more SiO2 in the slag and increases flux demand to main-
tain the basicity. Preliminary results show that DRI can be used as an effective cooling agent to
reduce the bath temperature mainly due to higher gangue levels or lower metalisation rate. Overall,
these trends highlight the importance of selecting appropriate amount and temperature when oper-
ating with alternate iron sources in order to maintain a stable heat balance and achieve the required
process performance.

Future work will extend the current model through dynamic modelling that includes time dependent
droplet behaviour and decarburisation kinetics. These developments aim to support optimisation of
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BOF operations when using alternate iron feeds and contribute to the broader goal of achieving
green steel production.

Speaker Country:

Australia

Speaker Company/University:

Swinburne University of Technology

New and emergent ironmaking Technologies II / 58

Heat Transfer Mechanisms in Electric Smelter Furnaces for Iron-
making
Author: Ujwal Kudaru1

Co-authors: Adrien Guiraud 2; Banty Kumar 2; Chunlin Chen 2; Geoffrey Brooks 3; Kwaku Owusu 2; M.A Rhamd-
hani 3; Shabnam Sabah 3

1 Swinburne University Of Technology
2 CSIRO
3 Swinburne University of Technology

CorrespondingAuthors: ukudaru@swin.edu.au, gbrooks@swin.edu.au, ssabah@swin.edu.au, chunlin.chen@csiro.au,
banty.kumar@csiro.au, kwaku.owusu@csiro.au, adrien.guiraud@csiro.au, arhamdhani@swin.edu.au

ABSTRACT

Key words: Electric Smelter Furnace (ESF), Joule Heating, CFD, Radiation, Convection

Steel production involves the reduction, melting, and refining of iron ore. In this processing route,
the Electric Smelter Furnace (ESF) is employed to melt the ore and produce molten iron for sub-
sequent refining. Unlike traditional blast furnaces, which rely heavily on carbon-intensive coke,
electric smelters utilize electrical energy to drive the smelting process, offering a substantial reduc-
tion in carbon emissions. Furthermore, they possess the capability to process low-grade iron ores,
a feature that is becoming increasingly vital as high-grade mineral reserves deplete globally. As a
subset of the ESF, the Open Slag Bath Furnace (OSBF) functionally represents a hybrid technology.
It combines the operational principles of the Submerged Arc Furnace (SAF), typically used for fer-
roalloys, and the high-energy capabilities of the Electric Arc Furnace (EAF) used in steelmaking. A
distinguishing feature of the OSBF is its utilization of the ‘brush arc’ mode. In this configuration,
the electric arc is partially submerged in the slag. This allows for the effective dispersion of thermal
energy directly into the molten slag bath while simultaneously minimizing radiative heat losses to
the furnace walls and roof. This study focuses specifically on the brush arc within the OSBF to char-
acterize the primary heat generation and transfer mechanisms. To investigate these phenomena, a
single-electrode Computational Fluid Dynamics (CFD) model was developed, incorporating Magne-
tohydrodynamic (MHD) principles to simulate the interaction between the electric arc and the fluid
domain. This study provides a pathway to understand heat transfer mechanisms in the smelter, en-
abling the minimization of energy losses and the mitigation of thermal damage to the furnace roof
and refractory sidewalls, ultimately ensuring a more efficient smelting operation.
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Ammonia (NH3) has emerged as a promising low-CO2 reductant for ironmaking, attracting grow-
ing interest in recent years. Unlike hydrogen, ammonia provides practical benefits for long-distance
transport and storage, including a much lower liquefaction temperature and a higher volumetric
hydrogen density that minimises losses during handling. Our previous thermodynamic evaluation
demonstrated that low-temperature NH3 reduction of iron oxides (T < 850 oC) represents a highly
promising pathway for decarbonising the ironmaking. A kinetics study at Swinburne further showed
that using 100% NH3 leads to a faster reduction rate than the 40% NH3 –Ar gas mixture, with the
strongest effect observed between 650 and 850 oC. The study showed a strong temperature depen-
dence on the kinetics, where complete reduction can be achieved in 45 minutes at 850 oC, while
reactions at 650 oC progressed more slowly. Iron and iron nitride phases were clearly present in
DRIs reduced at 750 ℃ and below, with a thicker nitride layer forming in samples reduced at 650
℃, whereas pellets reduced at 850 oC consisted only of metallic iron as the final product phase. A
previous study reported that the presence of an iron nitride layer enhanced the reoxidation resis-
tance of the pellets, offering potential benefits for passive storage, transport, and handling of DRI.
However, it is well known that nitrogen can negatively influence the steel quality, therefore control
of nitrogen inputs into the EAF is a critical consideration. Preliminary preheating experiments at
900 oC under an argon atmosphere confirmed that the iron nitride phase can be eliminated within 15
minutes. However, further investigation was conducted in this study to assess the NH3 preheating
concept in more detail, particularly because current industrial preheating systems operate at rela-
tively low temperatures (300 to 700 oC), where iron nitrides are likely to remain stable. This study
also examined the stability of NH3-DRI under prolonged exposure to ambient conditions (25 oC of
temperature and 50% of humidity) to determine its reoxidation behaviour. In addition, the mechan-
ical strength was also determined using the laboratory scale tumble tests to evaluate its ability to
withstand handling and transport. These findings will be discussed along with the implications for
subsequent transport/handling of DRI and the steel-making process.

Key words: ammonia direct reduction, ammonia ironmaking, NH3-DRI, decarbonization, ironmak-
ing
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Potential use of Bio-Coke in Electric Arc Furnace for Steel Pro-
duction
Authors: Geoffrey Brooks1; Hongwei Wu2; Surya Pratap Singh3
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The global steel industry is under pressure to reduce carbon emissions. Electric Arc Furnaces (EAF)
plays a major role in current steel production with low carbon footprints. Currently, around 30% of
global steel production is carried out using EAF.With the growing demand of lower carbon footprint
Direct Reduced Iron (DRI) process and increased amount of scrap, demand for EAF steel making is
expected to rise. Despite progress toward green steel technologies, carbon remains essential in EAF
operations for providing chemical energy, carburization of Steel, slag foaming, and oxygen control.
Conventional carbon sources such as metallurgical coke, anthracite, and pulverized coal are fossil-
derived and contribute substantially to direct CO₂ emissions. As a result, renewable carbonmaterials
such as biocoke, produced from thermo-chemically treated biomass, are gaining increasing attention
as potential substitutes. This paper evaluates the technical feasibility and process implications of us-
ing biocoke in the EAF process. The role of conventional carbon sources in EAF steelmaking is first
reviewed, that includes (a) charged carbon added with scrap or DRI for providing chemical energy
and carburization, (b) injected carbon for slag foaming and FeO reduction, and (c) carbon used as
electrodes. Typically, chemical energy supplied through carbon oxidation contributes 15 to 25% of
total EAF energy input, while effective slag foaming reduces heat loss and promotes stable arc con-
ditions. The paper also evaluates the performance of biocoke relative to conventional coke based on
its carbon content, calorific value, reactivity, ash composition, and mechanical properties. In addi-
tion, thermodynamic modelling was conducted using FactSage software to evaluate the interactions
of biocoke with molten steel and slag under representative EAF operating conditions. Finally, the
study explores the potential of biocoke for slag cleaning applications, focusing on iron recovery from
high-FeO containing slags. Together, these insights provide a scientific foundation to support the
adoption of biocoke in EAF steelmaking.
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Thermodynamics and Kinetic Modelling of Flash Reduction Iron-
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Flash reduction ironmaking is being developed as an alternative pathway for producing DRI from
iron ore fines. Producing DRI directly from fines eliminates pelletising step. Flash reduction in iron-
making was pioneered by Sohn et al. where they used co-current flow of hydrogen at a temperature
between 1200 to 1600℃ with iron ore particle size between 20 to 53 µm. Calix is developing Zero
Emission Steel Technology (ZESTY), a flash hydrogen direct reduction ironmaking process where
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iron ore powder is fed from the top and 100%H2 is introduced from the bottom. Theworking temper-
ature is between 800 to 1100 ℃ with iron ore particle size < 500 µm. The process employs a vertically
oriented reactor with indirect electrical heating, enabling hydrogen to serve solely as a reductant
rather than as fuel. The technology has carried out pilot tests with different Australian iron ores and
is planning to build a demonstration plant of 30,000-tonne-per-annum in Western Australia. The
highest metallisation level of DRI produced from ZESTY pilot test was 98%. Increasing temperature
from 900 to 1050℃ and H2/O_reduction ratio from 1.2 to 2 has a positive effect on the level of met-
allisation. Fayalite (Fe₂SiO₄) formation was observed in DRI produced from goethite/hematite ores.
Thermodynamic calculations were undertaken to investigate the formation behaviour of fayalite un-
der ZESTY operating conditions and to assess how ore chemistry and selected additives (e.g. CaO,
MgO) influence its stability. These studies support a broader investigation into the role of fayalite
in flash hydrogen reduction and its relevance to both metallisation and downstream ironmaking
processes. Results showed that adding 10 wt% of CaO to the iron ore reduces the amount of H2
required to reach 100% metallisation level (up to 47%) as CaO can capture SiO2 and preserve FeO
for hydrogen reduction. In a separate strategy, calculations predicted that adding 12.5 vol.% CH4 to
H2 increased metallisation level from 82% to 97.6%. Kinetic study of ZESTY at 950 ºC showed that
porosity of the ore and particle size played an important role to the reduction degree of all types of
ores. Reduction by 100% H2 was 3 times faster compared to 15% H2. In a separate study of first order
kinetic modelling of ZESTY showed that increasing temperature and hydrogen stoichiometric ratio
enhanced the level of metallisation. Increasing particle size lowered the metallisation level through
decreasing residence time. These findings are consistent with ZESTY pilot plant results.
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Temperature-Dependent Carburization Kinetics and Carbon de-
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The global steel industry‘s transition toward low-carbon ironmaking is driving the expanded utiliza-
tion of direct reduced iron (DRI) and hot briquetted iron (HBI). During the DRI process, carburization
occurs concurrently with iron ore reduction in gas mixtures containing CO-H2-CH4, and it is critical
for reducing the melting point of the product, thereby enhancing the energy efficiency and opera-
tional stability of subsequent steelmaking operations. Among commercial DRI processes, Energiron
and Midrex are the most widely applied. Energiron operates at carburization temperatures above
1273 K, whereas Midrex proceeds at relatively lower temperatures below 1173 K. As a result, the two
technologies show clear differences in carburization kinetics arising from variations in temperature,
pressure, and gas composition. Accordingly, systematic comparative studies are needed to optimize
process time and energy consumption.
This study investigated the carburization kinetics of pure Fe at 1073 K and 1273 K, corresponding
to typical Midrex and Energiron carburization conditions, under various CO-H2-CH4 gas composi-
tions, using thermogravimetric analysis (TGA). Carbon/Sulfur analysis and optical microscopy were
conducted to determine the carburization behavior and the extent of carbon deposition.
The results demonstrated that the influence of the carbon source on carburization is significantly
dependent on temperature. At the low temperature of 1073 K, CH₄ was negligible due to its limited
capacity for C-H bond cracking. However, at 1273 K, the surface reaction rate of CH₄ was found to
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be more than three times faster than that of CO, indicating that CH₄ is highly effective in enhancing
the overall carburization rate. Crucially, CH₄-rich, high-temperature gas compositions were found
to cause severe carbon deposition concurrent with rapid carburization kinetics. Tablet-specimen
experiments demonstrated that CH₄ conditions induced pronounced structural degradation and sig-
nificantly accelerated carbon deposition. This behavior is interpreted as a result of excessive carbon
precipitation driven by elevated carbon activity, causing internal stress and fragmentation. Further-
more, thin-foil experiments revealed that the extent of carbon deposition is strongly influenced by
the initial surface roughness and specific surface area of the Fe substrate. Therefore, while CH₄ is
favorable for achieving fast carburization kinetics at high temperature, controlling carbon precipita-
tion and soot formation is essential for ensuring the stability of CH4-based processes.
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DRI/SCRAP blending in EAF practice. Impacts on slag composi-
tion, energy consumption and furnace productivity
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The net zero emission target for steelmaking is pushing toward the adoption of breakthrough tech-
nology. The process route based on iron ore pellets direct reduction requires also a fine tuning of
the subsequent melting step in EAF. This, in turn, will require the adoption of modified operating
practices, tailored to the EAF input charge of materials.
The blending of DRI and scrap is a way to compensate for the increased energy demand required by
DRI melting. The ratio DRI/scrap will depend on the required steel quality, the plant productivity
needs, the energy demand, and the quality of input pellets. Anyhow, the adoption of hybrid EAF
practices will impact on slag composition & chemistry, because scrap reduces Si, S, P from high-P
DRI and lowers slag volume, minimizing limestone/fuel additions.
DRI contains FeO (linked to an endothermic reaction) and gangue (mainly composed by SiO₂). On
the other hand, melting requires more electricity and lime, increasing slag and heat loss. As a result,
optimal blend approaches require a deeper understanding of the occurring phenomena (e.g foaming,
refractory erosion and P removal).
The presented work is based on activities at the EAF pilot plant (7t capacity), installed in the frame of
the IPCEI HYDRA project, which offers a testing scenario for such metallurgical challenges induced
by DRI use. In particular, the work is focused on the results of pilot trials with variable amounts of
scrap/DRI blending (from 100% scrap to 100% DRI). The results analysis is supported both by ther-
modynamic codes use to describe slag modification and a proprietary EAF model.
HYDRA project “Hydrogen: innovative plants and related processes for the production of green steel
in Europe - HYDRA IT06” was awarded, authorized by the European Commission in the frame of
NextGenerationEu, and financed by the Ministry of Enterprise and Made in Italy.
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AI and Machine Learning in Process Optimization II / 64

Hybrid Metallurgical and Machine Learning Model for Tempera-
ture Prediction in DRI-Based EAF
Authors: Poomalai Paramasivam1; Narottam Behera2; Hany Hamed2
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Electric Arc Furnace (EAF) steelmaking is an energy-intensive and highly dynamic process in which
accurate bath temperature prediction is essential for stable refining, energy optimization, and min-
imizing tap-to-tap variability. This study develops a hybrid temperature prediction framework by
integrating first-principles metallurgical modeling withmachine-learning validation using historical
operational data from a DRI-based EAF. A detailed heat-balance model was constructed to capture
the major thermochemical interactions governing temperature evolution, incorporating FeO reduc-
tion kinetics, carbon dissolution from DRI, slag formation thermodynamics, electrical energy input
behavior, oxygen injection effects, and heat losses through off-gas and water-cooled panels. These
physics-based calculations provide amechanistic foundation that reflects the truemetallurgical path-
ways of a DRI-intensive furnace. To enhance predictive accuracy, the physical model was fine-tuned
throughmachine-learning correction using industrial heat datasets. The hybrid model demonstrated
strong agreement with measured temperatures, achieving high R²(0.9) values and low RMSE(12)
across validation heats, thereby confirming its reliability under varying operating conditions. The
results show that implementing this hybrid framework can reduce temperature deviations, improve
energy utilization, andminimize operator-driven corrective actions. Overall, this work demonstrates
that combining first-principles metallurgical knowledge with data-drivenmachine learning provides
a practical, scalable approach for real-time temperature prediction and supports digitalized, energy-
efficient, and sustainable EAF steelmaking.
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HIsarna –smelting reduction for a carbon neutral steel industry
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The HIsarna ironmaking process is a smelting reduction process under development at pilot scale at
Tata Steel in IJmuiden, the Netherlands. The pilot trials have reached a stage where upscaling to an
industrial scale can take place.
Over the past few years several significant upgrades were made to the pilot facility to improve opera-
tional stability and plant reliability to further explore the process window. To support the upscaling
effort focus of the most recent trials has been on maximising productivity and widening the raw
materials window. Work is also ongoing to minimise the total carbon footprint and achieve carbon
neutral hot metal production.
A series of successful trials at high productivity has demonstrated the required process stability and
energy efficiency to justify scaling up to an industrial scale plant. The current pilot plant has a name
plate annual production capacity of 65 000 tons of hot metal. A first economically viable industrial
scale facility would need to increase this with a factor 15 and be able to produce around 1 million
tonnes of hot metal per annum.
Besides stable operation and a high productivity it is also important that the process can work with
a range of raw materials. Over the past year several ore qualities, including lean ores, as well as
coals and alternative carbon sources have been successfully tested.
As the HIsarna process uses pure oxygen instead of hot blast, the process gas consists of a concen-
trated CO2 stream which is very suitable for CO2 capture. At the same time effort is ongoing to try
and fully replace fossil carbon input with sustainable fossil free alternatives.
This paper will discuss the latest results from the pilot plant trials, look at some of the criteria for up
scaling and define the carbon footprint according to the LCA method.
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Environmental Compliance and Energy Efficiency Strategies for
Electric Arc Furnace Steelmaking
Author: paul trunner1
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The global transition toward green steelmaking has accelerated the adoption of Electric Arc Fur-
naces (EAF) in both standalone and integrated steel plants. While EAF technology offers flexibility
in raw material use and supports decarbonization goals, its implementation introduces significant
environmental and operational challenges. Compliance with increasingly stringent regulations on
emissions, noise, and energy efficiency is essential for project viability and access to funding.
EAF operations generate substantial particulate matter, volatile organic compounds, and hazardous
pollutants such as SOₓ, NOₓ, dioxins, and heavy metals. Modern dedusting systems must therefore
go beyond conventional designs, incorporating tailor-made solutions for primary and secondary
off-gas streams. Advanced gas cleaning concepts include water-cooled ducts, quenching systems,
additive injection systems, and pulse jet filters, ensuring compliance with strict emission limits. Fugi-
tive emissions are mitigated through enclosures such as doghouses or elephant houses, combined
with optimized canopy suction systems supported by CFD-based design.
Noise emissions from EAF often exceed existing levels of traditional BOF converters, which causes
challenges for plants located near metropolitan areas. Solutions include acoustic insulations, strate-
gic layout planning, and structural enclosures. Doghouses not only reduce noise but also improve
safety and reduce fugitive emissions. For auxiliary systems such as ID fans and filter plants, noise
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cladding and low-speed fan designs further contribute to compliance with authority requirements.
A holistic planning of the noise mitigation concepts in the early planning phase of an EAF project
is essential.
EAF processes release large amounts of thermal energy, creating opportunities for waste heat recov-
ery. State-of-the-art systems capture off-gas heat to produce steam for on-site networks or district
heating, reducing overall energy consumption and supporting sustainability targets. Integration of
steam accumulators and hot water storage ensures stable supply despite fluctuating off-gas condi-
tions. These measures not only enhance energy efficiency but also qualify projects for green funding
initiatives.
Digital tools, including real-time emission monitoring, dynamic damper control, and optical fume
detection, optimize dedusting performance and energy use. Intelligent control algorithms enable
precise airflow management, reducing power consumption while maintaining environmental stan-
dards.
Through the integration of advanced gas cleaning technologies, comprehensive noise mitigation
measures, and waste heat recovery systems, modern EAF installations can achieve compliance with
stringent environmental and energy regulations. These measures not only minimize emissions and
optimize resource utilization but also enhance operational performance and reduce lifecycle costs.
By aligning with regulatory frameworks and sustainability targets, such projects position steel pro-
ducers to secure green funding opportunities and strengthen their competitiveness.
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Successful implementation of electric steelmaking technologies & Best practices / 67

The Electric Arc Furnace for next gen mini mill
Author: Massimiliano Daita1
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In the blooming market of mini mill plants, our latest plant at Hybar, Osceola, Arkansas, has been
starting up a 630,000 tpy rebar production since September 2025, setting new benchmarks for produc-
tivity, performance, safety and environmental emissions, while fully meeting the requirements of a
CMT mini mill. The paper presents latest EAF technologies including the X-Pact® AURA DC power
supply, Condoor®, X-Pact® Sampler, SafEBT’s equipment as well as the Spray Systems design and
their impact on Green steel production
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Industrial Symbiosis for the steel sector: opportunities, challenges and success stories / 68

Skills for Industrial Symbiosis and Energy Efficiency (Skills4EII)
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Thegreen transition of Europe’s energy-intensive industries and especially the steel industry through
hydrogen and renewable energy sources as well as through industrial circularity and symbiosis de-
mands technological readiness and systemic upskilling and reskilling. This contribution explores
workforce transformation for Europe’s energy-intensive industries, focusing on pro-active skills ad-
justment for industrial symbiosis and energy efficiency.

This presentation shows first results of the social innovation based Skills4EII and SPIRE-SAIS Skills
Alliance where the steel sector is prominently engaged. Based on outcomes of the Skills Alliance
for Industrial Symbiosis (SPIRE-SAIS) and the skills intelligence tool “Skills4Sight”of Skills4EII skills
classification, affected job profiles and game changer profile roles will be presented. This includes
outlining the most urgent cross-sectoral and sectoral skills needs and related training approaches
(via the online training platforms steelHub, SKILLS4Planet, Hub 5.0). Additionally, the results of
the Technology and Skills Radar 2025 for the steel industry are presented. Linked to the green,
digital and social transition of the steel industry (and other energy intensive industries) this ensures
future-proof skills and prepares the workforce for future challenges.

Skills4EII is a mission-oriented innovation project focusing on Industry 5.0 principles, integrat-
ing SPIRE-SAIS and ESSA project to develop a cross-sectoral platform for training and certifica-
tion,identifying evolving occupational profiles and gaps in existing education offerings.
Based on the results of ESSA and SPIRE-SAIS, supported by the Pact for Skills Large Scale Partnership
Energy Intensive Industries LSP EII, Skills4EII is exploring what skills will be needed in the future
and offers practical guidance to help energy-intensive industries and especially the steel industry to
get their workforce ready for the energy transition and adapt to new challenges.
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Valorisation of EAF dust by agglomeration and recycling back to
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Steel industry is a major contributor to the global economy but generates significant amounts of
residues. Most are valorised by internal recycling or external use. Significant amounts of carbon
and iron units cannot be recycled because the zinc content in the dust and sludge is too high for
steelmaking, yet too low and contaminated with impurities to be processed by zinc producers The
landfill is a high-impact and high-cost solution, not economically sustainable. For the recycling of
these residues in steelmaking processes, the removal of zinc is important since this element creates
various problems in steel plants. About 30% of the EAF (electric arc furnace) dust cannot be recycled
due to zinc content. The European project ZincVal (RFCS-02-2022-RPJ, 10111263) aims to develop
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technologies integrated with the steel production that enable recovery of iron, carbon and zinc from
dust and sludge and avoid landfilling. The approach of using different technological routes, at rel-
atively low starting TRL and with synergies between some of the approaches represents a signifi-
cant and credible due diligence approach to both increasing the valorisation of low zinc-containing
residues in current steelmaking practices and preparing for a significant increase in the availability
of these in future steelmaking. Based on the properties of dusts and sludges, determined via physical,
chemical and mineralogical characterization, the project will design the most sustainable recycling
routes for different residues regarding environmental impact, energy consumption and CO2 emis-
sions, as well as cost-effectiveness. The project approach for EAF dust is to test methods and design
recipes for producing agglomerates in form of briquettes for recycling back into the EAF to enrich
dust in zinc contents above the threshold set by zinc smelters. Experimental campaign conducted
on laboratory scale will be presented. The goal of this experimental campaign is to identify the
best recipe to produce briquettes that have acceptable mechanical strength and are compatible with
melting operations in the electric arc furnace.
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HåBiMet –Safe management of sustainable biocarbon for metal-
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Background
The HåBiMet projects (HåBiMet is a Swedish abbreviation for Sustainable Biocarbon for Metallurgi-
cal use) originate from a fundamental question: Why is there still no large-scale market for metallur-
gical biocarbon? Despite its potential to enable fossil-free metal production and deliver significant
climate benefits, biocarbon faces critical barriers to industrial adoption. Handling biocarbon intro-
duces safety challenges such as mold growth, self-heating, and spontaneous ignition during storage
and transport. These risks compromise material quality, occupational safety, and operational reliabil-
ity, limiting its integration into metallurgical processes. HåBiMet is a group of projects addressing
enablers and barriers for utilizing biocarbon in metallurgy from technical, social, and policy per-
spectives. This specific project focuses on safe management by reducing risks associated with mold
formation and spontaneous combustion.
Objectives
The primary objective is to develop predictive models, guidelines, and best practices for the storage,
transportation, and utilization of biocarbon in metallurgical applications. This includes generating
knowledge through laboratory experiments, numerical simulations, and industrial trials to identify
and minimize risk factors. Additional aims involve characterizing the properties and behavior of
biocarbon briquettes to optimize production methods, ensuring mechanical stability and compli-
ance with industry standards. The project also seeks to strengthen technical competence, improve
workplace safety, and establish best practices that support sustainability across the supply chain.
Furthermore, regulatory frameworks governing biocarbon storage and transport will be examined
to ensure alignment with safety and environmental requirements.
Methodology
The research integrates controlled laboratory investigations –such as climate chamber testing, mold
growth analysis, and isothermal calorimetry –with advanced computational modeling using CFD

Page 51



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

and DEM techniques. Full-scale industrial trials will validate laboratory findings and provide real-
world data for model calibration. Risk and occupational safety assessments will complement techni-
cal analyses, ensuring that outcomes translate into practical and regulatory-compliant solutions.
Expected results and impact
The project is expected to deliver quantitative data on the interactions between moisture, temper-
ature, and mold formation, as well as kinetic models describing self-heating and spontaneous igni-
tion. These results will inform the development of guidelines and best practices for safe biocarbon
handling. In addition, the project will produce recommendations for regulatory compliance and
establish a knowledge-sharing platform to facilitate industry-wide adoption. By addressing critical
safety challenges, HåBiMet will contribute to a sustainable and resilient biocarbon supply chain, sup-
porting the metallurgical sector’s transition to fossil-free production while enhancing operational
safety and efficiency.

Speaker Country:

Sweden

Speaker Company/University:

Swerim AB

Integration of Renewable Energy & Biochar Applications / 71

Modelling of Hydrogen Flame Interaction with the Scrap Beds in
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In steelmaking, burners are essential for delivering heat, particularly in Electric Arc Furnaces (EAFs)
and Reheat Furnaces (RFs). Within EAFs, despite the majority of heat being supplied through elec-
tric arcs, burners provide heat to cold spots to homogenise heat distribution, enhancing overall ther-
mal efficiency and increasing output. Traditionally, these burners rely on carbon-intensive fuels,
which exacerbate greenhouse gas emissions and contribute to environmental issues. Hydrogen has
emerged as a cleaner substitute, as its combustion yields no carbon dioxide. However, hydrogen’s
unique flame characteristics result in different heat patterns and transfer rates within the furnaces.
A thorough investigation is needed to grasp these effects and ensure safe adoption in steel produc-
tion. This research specifically examines the heat transfer dynamics of hydrogen flames versus those
from carbon-based fuels, while offering mathematical modelling approaches. Findings indicate that,
at equivalent burner output, hydrogen flames deliver superior heating in the initial minutes over
propane; yet, achieving this requires a substantially higher hydrogen flow rate, resulting in elevated
inlet pressures or velocities. Additionally, the study reveals that hydrogen flames penetrate much
deeper into the scrap beds due to their elevated speeds and extended lengths.
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Poster session / 72

FromScrap to Safety: Low-CO₂ Steels inAutomotiveApplications
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Steel production accounts for approximately 7–9% of global CO₂ emissions, making it one of themost
critical industrial sectors in the transition toward climate neutrality, a strategic objective of the Euro-
pean Union by 2050. To reduce environmental impact, many steelmakers are converting traditional
Blast Furnace–Basic Oxygen Furnace (BF–BOF) routes to more sustainable technologies such as the
Electric Arc Furnace (EAF), which is primarily based on scrap recycling and supplemented with DRI
(Direct Reduced Iron), HBI (Hot Briquetted Iron) and pig iron.
However, increasing the scrap content results in higher concentrations of tramp elements, particu-
larly copper (Cu) and tin (Sn), which can negatively affect steel performance by altering microstruc-
ture and reducing formability, weldability and fracture resistance. This challenge is especially rele-
vant for automotive applications, where safety, reliability and lightweighting requirements are ex-
tremely demanding.
In this context, the European RFCS project “Safe&Clean”, coordinated by EURECAT and involving
ten industrial and academic partners, aims to characterize low-CO₂ steel sheets produced through
innovative processing routes and compare them with equivalent grades manufactured via conven-
tional BF–BOF production. The experimental work focuses on two advanced high-strength steels
for automotive structures: DP780 (provided by Salzgitter) and H550MS (provided by SSAB). These
materials will be examined through comprehensive chemical, microstructural and mechanical char-
acterization, aswell as functional testing including crashworthiness, fatigue resistance and structural
integrity under quasi-static and dynamic loading.
To evaluate real-application behaviour, two demonstrator components will be manufactured by the
end-users: a side connector produced in DP780 (CRF) and a lower control arm produced in H550MS
(Autotech).
The expected outcomes will support the development of technical guidelines for the industrial adop-
tion of low-CO₂ steels in automotive applications, contributing to the decarbonization of European
mobility and promoting a more sustainable and circular steel value chain.
Acknowledgments: We would like to thank the partners of the Safe&Clean project for their contri-
bution
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ThermodynamicAssessment ofMetallurgical ProcessesUsingThermo-
Calc and MATLAB Integration
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Accurate prediction of thermodynamic behavior in metallurgical melting processes is essential for
optimizing industrial operations and reducing experimental costs. This work introduces a computa-
tional tool that integrates the Process Metallurgy module of Thermo-Calc with MATLAB to enable
automated, scalable evaluations of multiple process scenarios. Traditionally, performing sequential
calculations in Thermo-Calc requires manual input, which is time-consuming and limits efficiency
when exploring large parameter spaces. To overcome these limitations, the Thermo-Calc Toolbox
for MATLAB was implemented, allowing the development of a custom script capable of processing
diverse parameter sets for various thermodynamic conditions.
The initial script was designed to execute multiple calculations in sequence, significantly reducing
manual effort. Building upon this foundation, the script was further enhanced and transformed into
a MATLAB-based application featuring a graphical user interface (GUI).This application provides an
intuitive platform for configuring input parameters, initiating calculations, and visualizing results
through customizable plots. The visualization capabilities allow users to quickly interpret trends and
compare outcomes across different parameter sets, offering a clear overview of complex thermody-
namic relationships.
A key advantage of the developed tool lies in its ability to perform extensive parameter sweeps,
enabling rapid recognition of improved conditions for metallurgical processes. Additionally, the
application supports preliminary estimations under fixed conditions, which can be benchmarked
against experimental data. This functionality assists process engineers in validating theoretical pre-
dictions and refining operational strategies prior to costly experimental trials, thereby improving
efficiency and sustainability.
The integration of Thermo-Calc with MATLAB through a custom-built application demonstrates
how traditional thermodynamic assessments can be transformed into an automated, user-friendly,
and highly visual process. By combining automated computation, interactive visualization, and flex-
ible parameter management, this approach provides a robust platform for systematic evaluation of
smelting processes. Ultimately, the tool contributes to faster decision-making, reduced development
time, and enhanced process reliability in modern metallurgical operations.
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Abstract
This work introduces an innovative method for controlling the stability of direct current (DC) arcs
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in reducing argon-hydrogen atmospheres, a key enabler for hydrogen-plasma smelting reduction
(HPSR) processes aimed at decarbonizing steelmaking. By dynamically adjusting current, the system
maintains robust arc behaviour under challenging conditions, supporting both process reliability and
energy efficiency. The approach is based onmodelling, integrating insights from detailed simulations
and experimental data to optimize arc stability while minimizing hydrogen as well as energy losses
and preventing unwanted arc extinction. Experimental validation is carried out on a laboratory-scale
HPSR reactor equipped with advanced diagnostic instrumentation.

Power Supply
A high-frequency (50 kHz) pulse-width modulated (PWM) switching current regulator is employed
to power the electric arc between a solid plate or melt bath and a hollow graphite electrode. A choke
inductor smooths the current. Due to the high switching frequency, the required inductance is much
smaller compared to the classical approach of using thyristor rectifiers. The concept is demonstrated
at power levels up to 5 kW.

Operation
Amixture of argon-hydrogen gas is injected directly into the reactor through the electrode assembly.
This configuration ensures precise control of the plasma environment and promotes efficient hydro-
gen utilization during iron oxide reduction. High-speed data acquisition systems capture voltage
and current waveforms at microsecond resolution, enabling accurate characterization of transient
arc phenomena. Synchronized video imaging provides visual insights, while additional sensors mon-
itor temperature and other process variables. These measurements are used to validate simulation
models and assess controller performance across a range of operating conditions, including varia-
tions in electrode distance, power input, and gas flow rates.

Outlook
The goal is to significantly enhance arc stability in argon-hydrogen atmospheres, reducing fluctua-
tions and improving operational consistency. The integration of real-time measurements with pre-
dictive control enables adaptive optimization, ensuring efficient energy use and meeting hydrogen
utilization targets. Future work will focus on transferring the system to an existing HPSR pilot plant,
paving the way for advanced automation and digitalization in electric steelmaking. This develop-
ment represents a critical step toward sustainable steel production, combining process innovation
with environmental responsibility.
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In situ observation ofmetal-slag separation and inclusionmotion
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Hydrogen-based direct reduction is emerging as a promising strategy for steel production due to
its low CO2 emissions. In this process, the melting of direct reduced iron (DRI) and the separation
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of steel and slag occur in the electric arc furnace (EAF). However, this process is affected by the
thermophysical properties of slag, which are critical and ultimately affect both the yield and the
cleanliness of the produced steel.

This study investigated the effect of various thermophysical properties (such as basicity, viscosity,
melting point, etc.) of slag on the steel-slag separation process, utilizing different grades of DRI. The
in-situ melting behavior of DRI pellets was observed using high temperature confocal laser scan-
ning microscope (HT-CLSM). Multi-scale characterization techniques were employed to analyze the
evolution of the steel and slag at different stages of the melting process. The smelting temperatures
for low-grade and high-grade DRI should exceed 1530 ℃ and 1580 ℃, respectively, to ensure opti-
mal melting and separation efficiency. Notably, the uniform distribution of alumina within the slag
requires higher smelting temperatures to ensure proper iron-slag separation. This is due to the high
melting point of alumina, along with its strong viscosity and surface tension, which hinder the ef-
fective separation of steel and slag during smelting, eventually impacting steel purity. Furthermore,
non-metallic inclusion motion behavior at the surface of DRI melt is observed by HT-CLSM, and
the attraction of different particles are analyzed, the obtained understanding can contribute to the
gangue removal and the initial slag formation.
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Industrial Symbiosis is not a new concept in the steel sector. However, to achieve new opportunities
and new synergies, it is crucial to involve other sectors and public authorities, making them aware of
Industrial Symbiosis activities already done by the steel industry and the possible barriers hindering
synergies and cooperations.
In this context, the project entitled “Fostering Industrial Symbiosis solutions for the steel sector by
results monitoring and dissemination from national and EU funded projects coupled to definition
of cross-sectorial synergy scenarios”(Symbio-Steel –G.A. No. 101156509), which is funded by the
European Research Fund for Coal and Steel (RFCS), aims at analysing the current status, upcoming
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techniques, and developments of Industrial Symbiosis implementation, to achieve proactive cross-
sectorial cooperation and integrations.
Symbio-Steel contributes to paving the way to uptake Industrial Symbiosis solutions in the steel
sector, exploiting and spreading knowledge of the most promising and available results of symbiotic
initiatives as well as supporting synergies with other industrial sectors.
By evaluating, promoting and improving existing synergies in Industrial Symbiosis involving the
steel industry, Symbio-Steel is aligned with the Strategic Research & Innovation Agenda on decar-
bonization and resource efficiency, sustainability, and circular economy in the steel production.
Symbio-Steel will provide comprehensive guidelines facilitating the transformation of the steel sec-
tor towards low-carbon practices. To this aim, gaps between current capabilities and future needs
are being identified, fostering collaboration among industry stakeholders, and attracting and recruit-
ing young talents.
During Symbio-Steel, to monitor and assess the impact and the effectiveness of Industrial Symbiosis
initiatives involving the steel sector and other energy intensive industries, ad-hoc relevant Key Per-
formance Indicators were defined and selected. They quantitatively sized the progress of Industrial
Symbiosis activities in terms of resource efficiency, emission reduction, and cross-sectoral industrial
integration. On the other hand, a wide portfolio of technologies and technical solutions developed by
the steel industry with other relevant industrial sectors was provided, by revising the main outcomes
of relevant regional and EU funded projects. In addition, specific barriers to implementing Indus-
trial Symbiosis practices, including impacts on companies, the environment, and society, as well as
different issues affecting networks, were identified. Stakeholders were also consulted through an on-
line survey to identify their perception in terms of demands, opportunity and obstacles concerning
Industrial Symbiosis.
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A blast furnace (BF) is still the dominant process for making iron in the world. The blast furnace is
charged with coke and iron burden materials including iron ore pellets, sinter and lump ore. While
descending in the blast furnace the iron burden reduces. In order to simulate this, two different
types of gas-temperature programs have been used. Program (1) has step-wise changes with gas
composition consisting of CO, CO2, H2 and N2 whereas in experimental program (2) the changes
in gas consisting of CO, CO2, and N2 occur smoothly. Both of these experimental programs are
dynamic, and they are developed keeping blast furnace shaft conditions in mind.
In this work two different types of blast furnace pellets were predisposed to the two different gas-
temperature programs mentioned earlier. These tests were done for single pellets with a built-in
high-temperature thermogravimetric analyzer (TGA). The interest of this work lies in looking at
the changes in pellet porosity during reduction. This is done measuring the skeletal volume of the
pellet using a Micromeritics Accupyc II 1340 gas displacement pycnometer and combining this with
the envelope volume attained by manual pellet diameter measurement in nine directions using a
digital slide gauge. Since the interest lies in the pellet porosity, which needs to be measured before
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softening and melting, the chosen maximum temperature used was 1100 ℃. It was found out that the
porosity of pellet A increased in both experimental programs. The increase was higher (127%) when
program (1) was used compared to the pellet subjected to program (2) where the increase was milder
(53%). The same trend could be seen in pellet B as well even though pellet B had higher increases in
porosities, f. ex. program (2) increase was 102% compared to the grade A increase of 53%.
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Steel industry is in transition concerning heating methods due to requirement to reduce CO2 emis-
sions. Use of hydrogen as a fuel in combustion for heating makes the reheating furnace a possible
method to reduce use of fossil fuels. Furthermore, oxyfuel combustion increases efficiency of the
heating process compared to air-fuel method. The complete combustion of the fuel is ensured by
excess oxidant, providing free oxygen in the furnace atmosphere. Free oxygen content is kept low
in industrial reheating furnace to prevent excess oxidation caused material losses. After reheating
process, oxide scale formed on the steel surface is removed by water jet descaling to provide clean
surface for hot rolling process.
Oxide scale formation of two low carbon steels is investigated in isothermal tests at 1200 ℃ for 2
hours with methane-air and hydrogen-oxygen combustion atmospheres using free oxygen contents
of 1% and 6%. Both steels contained silicon, but steel A had higher amount of manganese and steel B
had higher amount of chromium and nickel. Descaling efficiency of oxidized samples is studied by
thermal shock, dipping the hot sample in water vessel straight from the furnace. Characterization
for oxidized and descaled cross-sections of samples was performed by digital microscopy and field-
emission scanning electron microscopy (FESEM).
Steel B produces less oxide scale in all studied atmospheres. Hydrogen combustion simulations pro-
ducemore oxide scale compared tomethane due to higher water vapor content, increasing oxidation.
Higher free oxygen content has increasing effect on amount of oxide scale and outer layer of oxide
scale changes from sharp shaped wüstite to levelled magnetite on the top of the wüstite layer.
Hydrogen combustion simulations decrease the amount of oxide scale detached from the sample for
both steels. Surface layer of oxide scale from methane-air with 1% O2 simulations was weak and its
fall off by small pieces, while hydrogen-oxygen with 1% O2 had stronger surface layer. Although
Steel B was less oxidized, its descalability was weaker compared to Steel A. After hydrogen-oxygen
heating with both O2 contents, descaling caused only cracking inside the oxide scale without any
part of oxide totally detached out for Steel B, while part of the oxide scale detached out from the
sample for Steel A. Thus, increase of water vapor based on hydrogen fuel and oxyfuel method, and
oxygen content of furnace atmosphere influence formed oxide scale and its strength against thermal
shock.
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The steel industry’s transition toward intelligent manufacturing requires sophisticated monitoring
systems capable of detecting operational anomalies in real-time. This study presents the develop-
ment and implementation of Artificial Intelligence-based predictive models for automated anomaly
detection in Electric Arc Furnace operations, conducted within the project entitled “Remote expert
virtual system enhancing human management capabilities that favors preservation, transfer, and
continuous evolution of knowledge for steelmaking operations”(Ref. iSteelExpert, Grant Agreement
No. 101112102) , which is co-funded by the Research Fund for Coal and Steel of the European Union.
A comprehensive dataset was collected during normal production operations at an industrial facility.
The dataset integrated heterogeneous data sources including chemical composition measurements,
operational parameters, and electrical signals. Operator-reported anomalies were systematically
annotated, with some heats exhibiting abnormal events across eight distinct categories, including
electrodes breakage, roof closing troubles, high-carbon melts, and strong furnace reactions. Sev-
eral machine learning algorithms were evaluated including Random Forest, XGBoost, Histogram
Gradient Boosting, Support Vector Machine, and AdaBoost. The experimental framework encom-
passed two complementary objectives: generic anomaly detection (identifying any abnormal heat)
and specific anomaly classification (distinguishing between different anomaly types). Extensive hy-
perparameter optimization was performed to maximize detection capability while maintaining ac-
ceptable precision. For generic anomaly detection, the models demonstrated robust performance
with balanced accuracy exceeding 80% and high detection rates. Specific anomaly classification
proved more challenging due to severe class imbalance. Strategic undersampling approaches dra-
matically improved detection rates for most anomaly types, though requiring careful consideration
of the precision-recall trade-off based on anomaly severity.
A proof-of-concept decision support system was developed, integrating genetic algorithms with
trained predictive models to suggest corrective process adjustments when anomalies are predicted.
The optimization framework balances avoiding alarms with minimizing deviation from current oper-
ating conditions while respecting physical and safety constraints. This represents a novel approach
combining near real-time ML predictions with actionable operational recommendations in Electric
Arc Furnace steelmaking. The findings demonstrate that AI-driven monitoring systems can effec-
tively detect process deviations, particularly for subtle anomalies difficult for operators to consis-
tently identify. Future development will focus on advanced techniques for imbalanced classification
to further optimize detection capability across all anomaly categories, ultimately delivering a prac-
tical and reliable monitoring solution for Electric Arc Furnace operations.
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Steelmaking facilities are significant sources of environmental noise pollution, with complex acous-
tic emissions arising from diverse operations including Electric Arc Furnace (EAF) melting, hot
rolling, scrap handling, and material transport. Effectively managing and reducing industrial noise
emissions requires identifying which specific processes and equipment mostly contribute to elevated
noise levels affecting surrounding communities. However, continuous monitoring systems deployed
in modern steel plants generate vast quantities of acoustic data that make manual analysis and clas-
sification impractical, creating an urgent need for automated solutions.
This study presents an intelligent noise monitoring system developed within the project entitled:
“Real-time acoustic sensorS and artificial Intelligence appLications for the rEduction of local eNvi-
ronmental impaCt due to noise Emissions”(SILENCE) co-funded by Research Fund for Coal and Steel
(RFCS). The system is designed to automatically identify and categorize noise sources in operational
steel plants without requiring manual labeling of acoustic events. The system utilizes strategically
positionedmicrophones across critical production zones including the hot rollingmill, EAF area, coil-
ing stations, scrapyard, and transport routes to continuously capture acoustic emissions triggered
when sound levels exceed predefined thresholds.
The core innovation lies in applying advanced unsupervised machine learning techniques to auto-
matically group similar acoustic events and identify their operational sources. The approach com-
bines Variational Autoencoders with Gaussian Mixture Models to learn characteristic acoustic sig-
natures directly from recorded sound data, represented as Mel-spectrograms that capture frequency
and temporal patterns. This methodology enables the system to discover natural groupings in com-
plex, overlapping industrial soundscapes without prior knowledge of event categories.
Comprehensive evaluation demonstrates that this deep learning framework significantly outper-
forms conventional clustering methods. The system achieves superior separation and identification
of distinct acoustic events, with quantitative metrics showing improvements compared to traditional
approaches. Testing on both industrial steel plant recordings and benchmark urban sound datasets
confirms the robustness and generalizability of the methodology.
The practical implications for steel producers are substantial. Plant operators gain automated tools
to pinpoint specific processes responsible for noise complaints, enabling targeted mitigation mea-
sures. The continuous monitoring capability supports compliance with environmental regulations
by providing objective documentation of noise sources and their temporal patterns. Furthermore,
the system’s unsupervised nature eliminates the need for extensive expert annotation, allowing rapid
deployment across different facilities and operational contexts.
This work represents a significant advancement toward sustainable steelmaking operations, provid-
ing an efficient, scalable, and automated solution for industrial noise management that balances
production efficiency with environmental responsibility and community relations.
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Development process of the EAF produciton route with new slag
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It is known that the steel industry is evolving towards production methods aiming at efficiency
improvement and reduction of the environmental impact. It follows that a transition from blast
furnace production towards the electric furnace route has been underway for some time now, and
it is therefore possible that users of this kind of steel will have to rely on new suppliers with EAF
route.
The paper describes the positive experience made by ABS (Acciaierie Bertoli Safau), EAF based steel
producer, during the development of the whole manufacturing process of steel grades historically
produced through blast furnace route, such as high silicon grade 54SiCr6 for automobile suspensions
springs and low carbon grades SG2 and SG3 for welding wire application.
The evolution of this learning path is presented, with focus on the implemented aspects either in the
primary and secondary metallurgy and in the downstream processes (i.e. scrap and raw materials,
process parameters, slag modification and control, equipment availability, production scheduling)
that proved to be fundamental for the achievement of the final product requirements (i.e. steel
chemical composition, microinclusion morphology and quantity, blooms and wire rod internal and
surface quality, mechanical properties of the wire).
The satisfactory feedback from product performances confirms the effectiveness of this development
path and opens to future improvements that can be extended also to other steel grades.
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TheLadle Furnace (LF) serves as a secondarymetallurgical process unit for adjusting the composition
and temperature of molten steel for casting. Changes and transformations in the steel industry—
such as green steel and digitalization—emphasize the need for real-time process control and enabling
measurement solutions. This work aimed to study how optical emission spectroscopy (OES) data
can be used in process control of ladle furnaces. To this end, data from industrial ladle furnaces was
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employed to analyze and quantify changes of slag composition continuously and in real time.
The results show that OES can be used to provide real-time data about the chemical composition of
slag in ladle furnaces and thus allowing timely process control. Finally, some special benefits of using
OES in steelmaking are discussed, specifically, the ability to measure the slag chemical composition
in the Ladle Furnace in real-time. OES can yield such information that is not possible or practical
to acquire using traditional methods during the process. This cultivates several important use cases
and helps operators make accurate decisions.
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In Sweden, the transition toward fossil-free metallurgy increasingly considers biocarbon produced
from sustainable biomass as a substitute for fossil coal in high-temperature processes such as elec-
tric arc furnaces (EAF), tunnel kilns (TK), and submerged arc furnaces (SAF). This study, part of the
HåBiMet –Policy Perspective project, examines how EU and Swedish policy frameworks shape the
feasibility and competitiveness of metallurgical biocarbon deployment.
The analysis combines desk research with stakeholder workshops and interviews, mapping climate
and energy policies (EU ETS, ETS2, CBAM), biomass governance (RED III, LULUCF, EUDR), and envi-
ronmental regulations (IED 2.0, Miljöbalken i.e. the Swedish Environmental Code). Findings indicate
that while there are economic incentives for substituting fossil carbon, such as by zero-rating bio-
genic CO2 emissions under the ETS and pricing direct emissions of imported iron and steel products
under CBAM –other frameworks introduce constraints. RED III’s cascading use principle prioritizes
wood for material applications over energy, potentially limiting access to forestry residues critical
for biocarbon production. IMO transport safety rules and REACH compliance add logistical complex-
ity, while the absence of harmonized standards for metallurgical biocarbon creates uncertainty for
procurement and quality assurance. Furthermore, biocarbon expands the intertwining of the metal
industry with sectors such as forestry, agriculture and energy, contributing to further complexity.
From an industrial perspective, technical feasibility is established: biocarbon can replace fossil reduc-
tants in blast furnace (BF) injection, EAF carburization, and SAF operations. However, cost remains
a major barrier –biocarbon is up to four times more expensive than fossil carbon carriers. Policy-
driven carbon pricing partially offsets this gap; for example, ETS allowance prices (€70–75/t CO₂)
significantly increase the effective cost of fossil coke. Yet, permitting under IED 2.0 and Miljöbalken
may raise CAPEX/OPEX for pyrolysis plants, requiring strategic planning and early engagement
with regulators.
The study concludes that metallurgical biocarbon will play a transitional role alongside hydrogen-
based DRI and CCUS. Although, the surrounding policy landscape is characterized by a lack of clear
standards and uncertainty regarding how imminent EU legislation will affect costs tied to different
parts of the value chain. To accelerate adoption, industry needs predictable policy signals, clear sus-
tainability criteria, and standards for metallurgical biocarbon quality that are recognized at the EU
level. These would advantageously be pursued in collaboration with stakeholders from other sectors
to mitigate future conflicts of interest.
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Ladle Furnace Slag (LFS) remains one of the least valorised metallurgical by-products in the Euro-
pean steel sector due to its unfavorable mineralogical structure generated by slow air cooling. This
conventional Best Available Technique (BAT) produces γ-dicalcium silicate, leading to high dusting
rates, significant water consumption, and limited external reuse. To address this bottleneck, Tenova
has engineered and patented (EP4100551A1) a forced-air dry granulation technology that thermally
stabilizes LFS into a hydraulically active β-C₂S-rich granulate, enabling its use in construction mate-
rials. Within the EU project Slag2Build, Tenova’s role focuses on the design, scale-up, and industrial
integration of this technology into a full-scale demonstrator at the Stomana steel plant.
The purpose of this work is to demonstrate that Tenova’s granulation process can achieve TRL8
industrial operation, reaching a continuous throughput and providing a stable, quality-controlled
granulated product suitable for downstream applications (plasters, mortars, hydraulic binders).
The technical framework is based on high-momentum forced-air impingement, where a controlled
air jet intersects the liquid LFS stream during pouring. Rapid quenching suppresses γ-C₂S formation
and preserves β-C₂S, while simultaneously eliminating water use, reducing sulphur-rich fumes, and
preventing dust formation. The system integrates thermos-fluid dynamic design principles, slag rhe-
ology modeling, heat-transfer analysis, mechanical design, and process control algorithms to ensure
consistent granule morphology and temperature regimes.
Themethodology for the basic and detailed engineering of the key components of the dry-granulation
system requires an extensive programme of computational modelling. The present work reported
the results from CFD simulations are employed to characterise the multi-phase interaction between
the pressurised air jets and the molten slag stream, to analyse the associated thermal gradients and
solidification kinetics, and to predict particle residence times and resulting granulometry. The nu-
merical models developed by Tenova are subsequently validated through experimental campaigns
conducted at the pilot-scale granulation facility installed at RINA-CSM (Rome), where controlled tri-
als on representative ladle furnace slag enable direct comparison between simulated and observed
granulation behaviour. Full slag characterization before and after the granulation pilot test is per-
formed.

This research is conducted within the framework of the Slag2Build project (RFCS –GA 101193261)”
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In order to improve the sustainability of scrap-based steelmaking and making this route less de-
pendent on fossil carbon markets, the replacement of anthracite and fossil foaming carbon with
alternative carbon bearing materials is a promising solution. Different materials can be considered
for this purpose, such as biomass, biochar, plastics and tires. All these materials are generally by-
products or wastes of other sectors. Therefore, their use represents an implementation of the indus-
trial symbiosis concept and allows electric steelmaking to further increase its contribution to the
implementation of circular economy in the steel sector. However, the feasibility of the usage of
these alternative carbon bearing materials depends on their availability and on their features and
effects on the process. Therefore, analyses, simulation with dedicated EAF flowsheet model, and in-
dustrial trials have been performed during the Horizon Europe project entitled “Gradual Integration
of Renewable non-fossil energy sources and modular heating technologies in EAF for progressive
CO2 decrease”(GreenHeatEAF –G.A. No. 101092328)”. Availability of alternative carbon sources
has been explored, simulations on the effects on process and products have been performed and
industrial trials have been carried out to explore foaming effects and safety aspects. Generally, to-
gether with significant reduction of fossil CO2 emissions, no significant negative effects have been
observed with the simulated alternative carbon-bearing materials. However, industrial trials carried
out without changes of standard injection systems showed limits for some of them in terms of safety
and slag foaming.
Further simulations have been also carried out in process integration contexts to extend the avail-
ability of suitable alternative carbon sources. In particular, biomass upgrading is explored by inves-
tigating the possibility of recovering part of the electric steelworks available waste heat for this kind
of processes. To this aim, EAF flowsheet model has been coupled with two flowsheet models related
to biomass pyrolysis and torrefaction.
The contribution focuses on the main results of the listed investigations and provides main barriers
and facilitators that can pave the way to these multiple industrial symbiosis solutions.
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Experimental Assessment of Granulated EAF Slag for blasting op-
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The decarbonization of the steel industry is accelerating the transition toward production routes
such as direct reduced iron (DRI), hot briquetted iron (HBI), hydrogen plasma smelting reduction
(HPSR), and electric smelting technologies. As a consequence, the volume and typology of elec-
tric arc furnace (EAF) slags generated across the steelmaking chain are expected to increase signifi-
cantly. Identifying high-value reuse pathways for these by-products is therefore essential to support
circular-material strategies and reduce the environmental burden associated with primary raw ma-
terial consumption. This study investigates the technical feasibility of employing granulated EAF
slag as a substitute for blast sand in mechanical descaling operations for steel products.
A systematic characterization of 3 granulated EAF slag samples was conducted to establish their
mechanical and physical suitability for abrasive blasting. The evaluation encompassed hardness,
crushability, stiffness, bulk density, granulometric distribution, and morphological features obtained
through optical and scanning electron microscopy. These properties were benchmarked against in-
dustrial sand commonly used in descaling processes. Based on this screening, a preliminary slag
formulation exhibiting the most favorable hardness–fracture resistance balance is selected for ex-
perimental validation.
Blasting trials were performed using a controlled air-jet apparatus designed to propel abrasive parti-
cles onto carbon-steel plates of two grades representative of hot-rolled product surfaces. Test condi-
tions varied in abrasive composition (sand, slag, and slag–sand blends), particle size classes, carrier
air flow rate, and initial scale layer thickness. The thermal response of the metallic substrate during
blasting was also monitored to assess potential process-induced heating. Post-treatment surfaces
were examined using scanning electron microscopy (SEM), profilometry, and comparative image
analysis to quantify scale removal efficiency, surface roughness evolution, and morphology of the
residual oxide layer.
This research is conducted within the framework of the InSGeP project (RFCS –GA 101112665)
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Recycling, circular economyand reduction of environmental impact in steelmaking I / 89

Industrial evaluation of biogenic secondary carbon carriers in
electric arc furnace steelmaking: the BioReSTEEL approach
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The decarbonisation of Electric Arc Furnace (EAF) steelmaking requires the progressive substitu-
tion of fossil-based carbon with renewable, biogenic alternatives able to guarantee adequate melting
performance, slag foaming behaviour, and process stability. The RFCS project BioReSteel addresses
this challenge by developing and validating new biogenic Secondary Carbon Carriers (SCCs), with
a specific focus on their industrial implementation in EAF operations.
In this context, to assess the technical feasibility and performance of innovative biochar-based bri-
quettes, characterisation of the materials and experimental campaign have been accomplished. The
briquettes were engineered using a 70:30 biochar-to-polymer ratio. In these briquettes the biochar
provides renewable carbon for slag foaming and energy input, whereas the polymer is both the
biding agent and the component that supports the foam during the melting phase. These effects
contribute to the slag stabilisation and improve the thermal protection of the electrodes. In addi-
tion, the polymer has a fundamental deoxidizer role since it can release carbon and reductant gases
during the pyrolysis at high temperature. In effect, carbon and gases react with the oxides present
in the slag, such as FeO and MnO, favoring their reduction and increasing the metallic yield, with
advantages in term of energetic efficiency and sustainability of the process.
A multi-scale experimental plan has been established.
1. Laboratory-scale tests included physical-chemical and thermogravimetric analysis, reduction be-
haviour, melting tests in controlled atmospheres, and preliminary assessment of foaming potential.
2. Pilot-scale experiments carried out to simulate injection/melting dynamics more closely and to
refine briquette formulations and feeding strategies.
3. Industrial EAF trials at ORI Martin facilities that validated the optimised materials under real
operating conditions, evaluating their impact on:
• slag foaming effectiveness and stability,
• electrical energy consumption and arc stability,
• carbon yield and off-gas behaviour,
• operational robustness and repeatability.
This integrated approach provided a comprehensive assessment of biogenic SCCs as practical sub-
stitutes for fossil coal in industrial EAF operations. The outcomes supported the roadmap for large-
scale deployment of renewable carbon materials in electric steelmaking, contributing to the EU’s
strategic objectives for climate neutrality and circular economy.
These activities have been carried out in the frame of Research Fund for Coal and Steel within the
RFCS project n. 101112383: “Valorization of wet biomass residues for sustainable steel production
with efficient nutrient recycling –BioReSteel”.
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Hot Heel estimation: How system dynamics can be used for mul-
tiple purposes
Author: Yves Van Ingelgem1
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The present work will show a technique for assessing the amount of hot heel or liquid heel using
robust hardware. Additionally: the same data stream used for assessing the Hot Heel, can be used
for looking at the integrity of a part of the EAF itself.

Many people still operate by the principle: 1 sensor to track 1 problem or 1 property. This sometimes
needs to be adhered to strictly, but often one can do much more using the same data stream. Also:
most people have a tendency to try and measure the property they are interested in. Very often this
comes with challenges, such as high temperature, or irradiation, as encountered often in the steel
industry.
The present paper provides an illustration of both principles.
The main topic is using accelerometer data for assessing the amount of hot heel in an electric arc
furnace, relying on liquid dynamics inside the vessel after tilting movement. This offers the operator
a tool to further optimize the energy consumption of the EAF.
Secondary to that the same data stream is used to track the integrity of the rocking movement and
the components involved as well as the stability of the overall system. This allows the teams to see
structural issues coming much ahead of time, and thus prevent larger damage (and costly repairs),
or even sudden stops of the EAF.
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Coupling innovative sensors, process modelling and data analy-
sis for the improvement of EAF performances and sustainability
of steel production for Acciaierie di Calvisano
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The necessity to improve the EAF process performances and its sustainability are becoming more
and more relevant id last years for several reasons.
In fact the increase of steel production rates through EAF instead of BF enlarging the application of
EAF to further steel grades and the necessity to apply the EAF process also with lower quality scraps
both increase the impact of EAF technology development in terms of Industrial results (productivity,
metallic yield, costs) and of environmental Impacts (energy/materials efficiency and CO2 emissions)
at EU level.
Furthermore the evidence that the reduction of CO2 emissions by EAF is affected strongly by re-
duction of energy consumption and by increasing of metallic yield, the opportunities offered by the
flexibility of EAF process management that enable the possibility to apply new control rules evalu-
ating in real time their benefits, the availability of new technologies and new materials for additions
in EAF enable the necessity to take into account new chemical scenarios and new management pro-
cedures for process improvements.
With this scope to support the process management it has been realized a great effort to enable the
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application of new devices and new sensors to make available new measurement principles to cover
part of the missing data during the process.
In parallel in last decades several steps have been realized in terms of process modelling and calcula-
tion capabilities in order to have a better representation in off-line mode (predictive modelling) and
in on-line mode (real time digital twin) in order to have a technological monitoring of the unknown
and not measurable parameters as temperatures, compositions, quantities of steel and slags during
the process to complete the whole representations of the process supporting the technologists and
operators.
Acciaierie di Calvisano has realized the coupling of these items, modelling and sensors developments,
in order to improve capabilities of process management and thanks to this it have been developed
specific new control rules devoted to represent specific technological phenomena to be controlled
as key aspects to reach the goal of process improvement.
These aactivities of Acciaierie di Calvisano are described as realized also in R&D projects as Mul-
tisensEAF and islag with the support of R&D partners and thanks to the increase of internal skills
about capability of process modelling and control.
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Next-GenerationWorkforceTraining for ElectricArc Furnace Steel-
making
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Abstract:
The growing digitalization of Electric Arc Furnace (EAF) steelmaking demands a workforce capa-
ble of operating increasingly complex and highly automated plants. Traditional training methods
—shadowing, manuals, and classroom-based onboarding—are no longer sufficient to ensure con-
sistent operational performance, safety, and rapid adaptation to new technologies. Within the EU
iSteel-Expert project, we are developing an integrated, AI-enhanced training ecosystem aimed at
accelerating the learning curve of new operators, reducing human error, and supporting continuous
upskilling.
The proposed ecosystem combines three complementary components:
(1) NotebookLM-style knowledge environments, structured around validated technical documents,
safety rules, and plant-specific best practices. These systems enable trainees to query complex in-
formation using natural language, facilitating rapid acquisition of process knowledge and reducing
dependency on tacit or undocumented expertise.
(2) Cognitive agents based on the CLEAR architecture, designed to emulate expert operator reason-
ing, attention management and decision-making under stress or uncertainty. These agents serve as
“virtual mentors”capable of demonstrating correct action sequences, highlighting risks, and explain-
ing the rationale behind operational choices.
(3) A domain-specific training chatbot, deployed as an always-available conversational assistant for
new employees. The system provides step-by-step support for operational procedures, contextual
explanations for alarms and process deviations, and interactive quizzes to reinforce learning.
The training architecture is been designed to integrate seamlesslywith existing simulators and digital
twins developed elsewhere in the project, providing a cognitive layer oriented toward human learn-
ing rather than process modelling. Early evaluations indicate the potential to reduce onboarding
time, decrease procedural errors in simulated scenarios, and improve retention of complex opera-
tional concepts compared with conventional methods.
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In addition to supporting new operators, the proposal enables continuous development for expe-
rienced personnel through scenario-based training, “what-if”exercises guided by cognitive agents,
and automated feedback based on decision sequences. The approach also enhances safety by rein-
forcing correct responses to abnormal or hazardous operating conditions.
This contribution presents how AI-driven tools, cognitive modelling and structured knowledge plat-
forms can modernize workforce development in EAF steelmaking, addressing a critical need identi-
fied by industry stakeholders and aligning with the strategic objectives of EEC-EMECR 2026.
Preferred Topics:
7 –Safety and Workforce Development
1 –Technological Advancements (AI, cognitive architectures)
2 –Process Optimization (human-factor-driven variability reduction)
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Green steel requires massive investments into new decarbonized production technology and green
energy supply, yet renewables are cheapest to produce in remote locations far from established steel
production sites. Is it thus more sensible to relocate the energy intensive iron production step near
renewable energy, or should investments aim at bringing green energy efficiently to the existing
sites, such as with green ammonia (NH3)? A full value chain analysis is conducted to answer this
question, accounting for process losses, yield losses, and other impactful details, which may not be
obvious to the naked eye in an oversimplified first assessment.
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New approaches for CO2 emissions reduction and process per-
formances improvement in EAF thanks to application of deep
process modelling and control to scrap melting and slag foam-
ing
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The technologies related to EAF steelmaking have continuous developments aiming the improve-
ment of the process performances and of the environmental impact mainly through the reduction of
energy consumption, the increase of productivity, the increase of metallic yield and promoting the
reduction of CO2 emissions.
These improvements pass strongly by improved capability to monitor and control the scrap melting
evolution and thanks to capability to evaluate the effect of new injected materials in terms of slag
foaming but these aspects are not evident with the typical system available on -site.
In particular to monitor both aspects it is necessary to understand the evolution of the whole pro-
cess and reacting volume in terms of components, energies involved, undesired effects on the plant.
For this reason all informations available have to be collected in a whole view and representation in
order to derive the evidences of phenomena behavior and suggesting control action related to them.
For this reason Feralpi Siderurgica has strongly worked in the development of these aspects with
internal skill also with its own EAF on-line dynamic process modelling approach in order to make
evident the status of the process in each moment and to be able to better understand the technolog-
ical results of the management actions.
These are the preconditions for the subsequent improvement of the control rules to be applied.
In last years also thanks to the R&D projects activities Feralpi has realized several steps in the differ-
ent sites related to the applications of mathematical modelling for EAF processes prediction, process
modelling of steel treatment in LF enabling also steel temperature management and scrap melting
rate predictions.
Further steps of this development included the real time prediction model in EAF, the application of
alert functions for abnormal energies distribution or chemical injections as related to correctness of
steel temperatures as support to production management.
The applications realized in different R&D projects are reported including the coupling with plants
and sensors development necessary to support the process control.
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Dynamic Modeling and Optimization of Electric Arc Furnace Op-
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Electric Arc Furnace (EAF) steelmaking is increasingly central to modern steel production due to its
ability to operate with low-carbon feedstocks and flexible charging strategies, yet its behaviour is
far from steady-state. Energy input, oxygen lancing, carbon for slag foaming, flux additions, contin-
uous slag removal and semi-continuous charging interact throughout the heat, making the process
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highly dynamic. Conventional KPIs capture these variables individually, but they do not explain
how changes in one input propagate through temperature, FeO formation, basicity development or
tap-to-tap performance. This work focuses on bridging that gap through the development of a dy-
namic, data-supported model that links furnace inputs to thermal and slag-phase outcomes using
real industrial evidence.
The objective of this work is to understand how oxygen and carbon injection, flux additions, and en-
ergy input from electrical arcs and chemical reactions influence temperature development and slag
behaviour during the heat. To achieve this, 100 consecutive heats from a semi-continuous EAF were
analysed. The dataset includes electrical and chemical energy input, carbon and oxygen injection
rates, charge and flux additions, as well as measured temperature readings through the heat. Slag
samples provide FeO, P2O5 and CaO-SiO2 data for benchmarking the model against industrial be-
haviour. Temperature evolution is modelled using mass and energy balance principles, accounting
for electrical heat input, chemical reactions and heat losses. A parallel slag-reaction module tracks
FeO formation and basicity change as a function of time-varying oxygen and flux practice.
Preliminary results show that the model captures overall temperature progression with reasonable
agreement to plant measurements, and input-output correlations indicate that oxygen and carbon
practice influence slag chemistry and thermal rise. CaO and FeO trends follow expected dephos-
phorisation behaviour, and variations in slag removal during the heat are reflected more accurately
when linked to CO generation signals rather than assumed to be constant. These relationships form
the basis for identifying where operational decisions have the strongest downstream impact, with-
out yet claiming full predictive optimisation.
This work contributes a physically grounded modelling approach that clarifies how furnace prac-
tice drives slag evolution and temperature response in semi-continuous EAF operation. The results
establish the modelling foundation upon which future optimisation, control logic and simulation
studies can be developed as more heats and slag data become available.
Keywords: Electric Arc Furnace, dynamic modelling, oxygen efficiency, slag chemistry, energy op-
timization, semi‑continuous operation, industrial validation.
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Ironmaking and steelmaking decarbonization involves significant transformations in existing pro-
duction processes, and electric-based melting units are acquiring even more importance. Both Elec-
tric Arc Furnace (EAF) and Electric Smelting Furnace (ESF) are indeed considered at the bases of
future steel and hot metal production, respectively. EAF is a well-known technology deeply used in
scrap-based steelmaking and that, in future, will be included in novel integrated steelmaking route
coupled with shaft furnaces for iron direct reduction. ESF is a technology used also in other metal-
lurgical sectors, while it is now receiving ever increasing attention also in the steelmaking field.
Since the availability and quality of raw materials (e.g. scraps) is affected by emerging countries and
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markets, Direct Reduced Iron (DRI) and Hot Briquetted Iron (HBI) are expected to be exploited more
in both processes. DRI and HBI availability and quality will be affected by the pellet, strongly linked
to the raw material quality, and gas mixture used in related production. Besides process changes
and adaptations requirements, to achieve product specifications and sustainable processes, also slag
modifications have to be explored for ensuring one of the pillars of ironmaking and steelmaking: its
role in circular economy thanks to its main byproduct (i.e. the slags).
The contribution focuses on scenarios investigations carried out with two flowsheet models (i.e. for
EAF and ESF) and during the European project entitled “Investigations of Slags from Next Gener-
ation Steel Making Processes”(Ref. InSGeP), Grant Agreement No. 101112665. The EAF flowsheet
model is a part of a complex stationary model covering the whole scrap-based electric steelmaking.
It was firstly developed for making energy and environmental impact evaluations, was then adapted
to carry out different types of investigations, and it was validated for different steelworks and steel
families. The ESF stationary model has been recently developed based on literature results. It con-
siders ESF in a modular way by reproducing main ESF phenomena and reactions. Different zones
are considered to this aim, namely charge zone, top ESF zone, bottom ESF zone and discharge zone.
Simulations have been performed via the mentioned models under certain product and process spec-
ifications. They allowed exploring, among other aspects, the amount and chemical composition of
slags produced with different iron bearing materials fed alone or in mixture. The results show inter-
esting behaviors. The effect severity reflects the quality of used material, and process adaptations
are sometimes required to make the slags suitable for correct industrial operations.
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Decarbonizing steelmaking is one of the greatest challenges of the steel industry. Electrifying steel
production—particularly through the deployment of Electric Arc Furnaces (EAF)—is a pivotal step
in reducing CO₂ emissions. In the coming years, the installed base of high-power EAF is expected
to expand significantly, notably as replacements for traditional blast furnaces. This rapid growth
brings major challenges in terms of energy consumption, productivity, and operational expenditure
(OPEX) to maintain or improve current performance levels. Because an EAF represents a large,
highly dynamic electrical load, its expansion places additional stress on electrical networks. This sit-
uation is further amplified by themassive integration of renewable energy sources, whose variability
increases the complexity of maintaining grid stability. As a result, ensuring both power quality and
high EAF performance is becoming increasingly challenging.
To address these challenges, GE Vernova has developed an innovative solution: the Direct Feed sys-
tem. This technology enables a strong decoupling between the EAF and the grid and enables precise,
and provides precise, highly stable electrode-current regulation. The description of the technology
and the last innovation is presented in a separate EEC 2026 conference paper titled “Next Genera-
tion Direct Feed MV Power Supply for Large Steelmaking EAFs”. This paper focuses on Direct Feed
impact on both power quality and EAF performance. Results obtained from simulations and on-
site measurements will be presented. Key outcomes—including significant improvements in flicker
reduction and overall EAF operational performance—will be highlighted.
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Make the slag, and the steel makes itself. This expression underlines a central idea in electric arc
furnace (EAF) steelmaking: slag is a key part of the process, even if it is not part of the product.
“Good”slag influences energy consumption, refining quality, and overall process stability. However,
recent findings strengthen the impression that today’s slag analysis methods often do not match the
importance of slag itself.

Most steel plants analyse slag as pressed pellets using X-ray fluorescence (XRF). While this method
works well for many laboratory samples, it has clear limitations when applied to granular, non-
homogeneous slag. XRF also has known analytical challenges for light elements such as Si, Mg, and
Al. These weaknesses become visible when different laboratories analyse the same material.

A recent round-robin test with granular slag samples revealed substantial differences between labo-
ratories, especially for key oxides. For example, one laboratory reported 39.8% Al₂O₃, while another
measured 35.8% Al₂O₃ (outliers already removed) for the same sample. This raises an important
question: How can a slag engineer make reliable process decisions when analytical results vary this
much? The round-robin results show clearly that the default method is not always precise enough for
robust process control—especially when decisions based on these results can easily cost thousands
of euros per heat and millions per year.

A promising alternative is rapid slag analysis using Laser OES. This technology requires no complex
sample preparation and provides fast, precise measurements. In the round-robin tests, the accuracy
of Laser OES was comparable to fused-bead XRF results, while delivering data much faster. This
allows operators to obtain near real-time feedback and make precise, timely adjustments to slag
practice.

This presentation will show the performance limits of today’s common slag analysis approach,
present modern alternatives, and discuss the possible impacts on EAF process control. With bet-
ter analytical tools, the idea that “make the slag, and the steel makes itself”becomes increasingly
achievable.

Speaker Country:

Germany

Speaker Company/University:

QuantoLux Innovation GmbH
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Slag control and refractories II / 99

Modern in-situ Slag adjustment for EAF, BOF, LF, and VD Steel-
making
Author: Alexander Schlemminger1

Co-author: Andreas Kunz 2

1 QuantoLux GmbH
2 QuantoLux

Corresponding Authors: alexander.schlemminger@quantolux.de, andreas.kunz@quantolux.de

Slag is a critical factor in all major steelmaking routes, including EAF, BOF, LF, and VD processes.
It affects refining efficiency, energy consumption, refractory life, and overall process stability. Tra-
ditionally, slag chemistry is measured using pressed pellets and X-ray fluorescence (XRF). While
widely used, this method has some limitations: sample preparation takes time, heterogeneous or
granular slag is difficult to analyse accurately, and light elements such as Si, Mg, and Al are chal-
lenging to measure reliably. These issues can slow down decision-making in the melt shop and
create uncertainties in process control.

Amodern alternative is in-situ slag analysis using Laser Optical Emission Spectroscopy (Laser OES or
LIBS). This method provides rapid, precise, and preparation-free measurements of slag composition,
including major and light oxides. By giving near real-time chemical data, LIBS allows operators to
monitor slag continuously and make fast, informed process adjustments.

This presentation shows case studies from steel plants using EAF, BOF, LF, and VD steelmaking.
The examples demonstrate how rapid slag analysis enables proactive interventions, improves refin-
ing performance, optimizes energy use, and reduces refractory wear. Customers also report better
control of alloying additions and faster responses to process changes.

The results show that modern, rapid slag analytics improve measurement precision and support
operational decision-making, leading to economic and process benefits. These case studies highlight
that advanced in-situ slag analysis is not just a technological improvement—it is a practical tool for
faster, more precise, and cost-effective steelmaking.

Speaker Country:

Germany

Speaker Company/University:

QuantoLux Innovation GmbH

Energy Efficiency and Consumption Reduction / 100

Driving efficiency in stainless steel production: Demonstrated
impact of electromagnetic stirring on a 65-ton AC electric arc fur-
nace at Walsin Lihwa
Authors: Larry Lai1; lidong Teng2

Co-authors: Chunhao Chen 1; Kasper Kaczmarek 3; Tony Chu 4

1 Walsin Lihwa Corporation
2 ABB Metallurgy, ABB AB
3 ABB Corporate Technology Center, ABB Sp. z o. o.

Page 74



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

4 ABB AB in Taiwan

CorrespondingAuthors: larry_lai@walsin.com, kasper.kaczmarek@pl.abb.com, chunhao_chen@walsin.com, tony.chu@tw.abb.com,
lidong.teng@se.abb.com

The steel industry is under continued pressure to enhance efficiency to satisfy financial and sustain-
ability goals. In stainless steel production, higher alloying costs and more complex process control
requirements create additional challenges. At Walsin Lihwa’s Yenshui plant, two persistent issues -
non-uniform bath temperature distribution and bottom skull formation - were limiting melting ef-
ficiency and increasing energy consumption for their 65-ton electric arc furnace (EAF). To address
these challenges, electromagnetic stirring (EMS, ArcSave®) technology was implemented in 2025
and evaluated through hot commissioning and performance testing. EMS improved thermal ho-
mogeneity and melt flow, reducing electric energy consumption by 2.5–3.5% for standard stainless
steels, with additional savings for high-alloy grades. Electrode consumption decreased by 5.6% and
gunning refractory usage on the slag-line area was reduced by 45%, owing to improved heat dis-
tribution and minimized cold spots. Oxygen demand was lowered by approximately 100 Nm³ per
heat, while scrap yield increased by 1–2%. All contractual performance guarantees were met, con-
firming EMS as an effective metallurgical solution for process optimization and sustainability. The
paper also presents EMS system tailor-made design, installation challenges, and control strategies,
supported by electromagnetic field simulations using Dassault Opera® and CFDmodeling in ANSYS
Fluent®. The stirring velocity and energy within the melt are illustrated in Figure 1. These simula-
tions guided the optimization of stirring profiles, demonstrating EMS’s capability to accelerate scrap
and ferroalloy melting, enhance metallic yield, and improve productivity in stainless steel smelting.
The EMS system features an automated whole bath stirring profile, intelligently adjusting stirring
direction and velocity to match the requirements of each EAF process step, very low maintenance
and reliable operations.

Speaker Country:

Sweden

Speaker Company/University:

Walsin Lihwa Corporation

Scrap management and quality improvement / 101

EngineeringRapidAutomotiveMaterials Sustainability (e-RAMS):
Upstream conditioning of ELV scrap for high-quality steelmak-
ing
Author: Masoud Ahmadinia1

Co-authors: Darbaz Khasraw 1; Matthew Hutchinson 1; Ahmed Khafaga 2; Shone George 1; Stephen Spooner
1

1 Coventry University
2 CU Coventry

CorrespondingAuthors: hutchinsom@uni.coventry.ac.uk, ae1869@coventry.ac.uk, ae1518@coventry.ac.uk, ae4132@coventry.ac.uk,
ad1495@coventry.ac.uk, ae4045@coventry.ac.uk

Steel decarbonisation is accelerating an infrastructural shift from Basic Oxygen Furnaces to scrap-
based Electric Arc Furnace steelmaking. This shift places far greater reliance on post-consumer scrap
streams, particularly end-of-life vehicles (ELVs), which supply 1.5-2 Mt of scrap annually in the UK
and 8-9 Mt across Europe. Blending high-grade automotive steels with mixed co-materials can result
in residual concentrations beyond specification thresholds, forcing downgrading into lower-value
products and eroding material efficiency and decarbonisation potential.
While copper remains the dominant tramp element in ELV scrap, less attention has been given to
nickel and tin despite their distinct accumulation behaviour in high-scrap EAF systems. Neither
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element is removed by standard pre-processing, so even modest concentrations persist through mul-
tiple recycling cycles. Small additions of tin can trigger hot shortness and intergranular cracking,
while unintended nickel pick-up alters hardenability and transformation behaviour in low-carbon
strip grades.
The e-RAMS project evaluates whether upstream removal of Ni- and Sn-bearing components can
viably improve ELV scrap quality before shredding. Laboratory sampling and XRF screening across
multiple makes and models identified a consistent set of contributors: exhaust sections, door-striker
plates, turbocharger housings and related parts typically contained 7-13% Ni, while electrical fuse
prongs and soldered connectors contained 40-42% Sn. These findings guided intervention trials at
two Authorised Treatment Facilities (ATFs), where targeted component removal was applied to 20
vehicles per site to capture variation in business models, layouts, tooling and workforce practices.
A business-as-usual batch of 20 ELVswas also processed. All 60 vehicles were subsequently shredded
at an industrial partner, producing three scrap streams that underwent assay melting and composi-
tion analysis. Based on these data, system-level modelling was carried out to examine cumulative
Ni and Sn aggregation in ferrous scrap under a bounded UK scenario in which similar dismantling
interventions are widely adopted. The modelling indicates that targeted removal of a limited fam-
ily of Ni/Sn-bearing components could materially slow the long-term build-up of these residuals in
EAF-based steels and extend the viable window for high-recycled-content automotive grades before
specification limits are reached.
Overall, the results show that one to two hours of additional dismantling time per ELV, focused on
a small family of high-impact components, can deliver meaningful improvements in melt chemistry
with limited operational disruption. By linking dismantling practices with furnace-level metallurgy
and long-term residual management, the study aligns with EEC 2026 and EMECR 2026 priorities on
scrap quality, alloy control, circularity and resource-efficient steelmaking.

Speaker Country:

United Kingdom

Speaker Company/University:

Coventry University

Automation and Digitalization in Electric Steelmaking II / 102

Sensor and digital twin solutions developed in DiGreeS project
for improvement of scrap-based EAF steelmaking
Author: Bernd Kleimt1

Co-authors: Bernard Ennis 2; Bernd Wolter 3; Birgit Palm 4; Florian Egger 5; Frenk van den Berg 2; Gerd Weides 6;
Kinshuk Srivastava 7; Klemens Winkler 5; Matthias Heinrich 3; Stefan Groenheide 8

1 VDEh-Betriebsforschungsinstitut GmbH
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3 Fraunhofer IZFP
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Corresponding Authors: bernd.kleimt@bfi.de, birgit.palm@bfi.de

On the path toward low-carbon steelmaking and increased circularity, the Electric Arc Furnace (EAF)
will be pivotal for European steelmakers. Within the EU-funded Horizon Europe project “Demon-
stration of Digital twins for a Green Steel value chain (DiGreeS)”an integrated digitalisation ap-
proach is being developed across the steel value chain to leverage process data and human expe-
rience for seamless industrial integration. DiGreeS aims to deliver a user-friendly digital platform
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for networked production, built on novel and soft sensors and related process models to support
efficient feedstock verification and real-time control in EAF steelmaking. Artificial intelligence (AI)
techniques will be fully exploited to optimise industrial data usage.
The presentation highlights concepts and first results from two DiGreeS use cases focused on scrap-
based EAF steelmaking.
The first use case targets Heavy Melting Scrap (HMS) verification using camera images and surface
chemical analysis (LIBS) to provide bulk analysis of HMS truckloads with emphasis on copper and
sulphur content. Sensor data will be used to train an AI model to classify the HMS pieces and assign
a “representativeness indicator“to pieces of each class. This approach aims to minimise unexpected
impurity levels in scrap input and improve the crude steel quality. The presentation will cover sen-
sor selection, adaption, calibration, software development and first laboratory trial results.
The second use case addresses real-time EAF control focussing on assessment of foamy slag quality,
and built on that, control and optimisation of carbon and oxygen input for increased energy effi-
ciency. Sensors such as acoustic emission and structure-borne vibration sensors as well as an in-situ
off-gas measurement system will be installed at the Saarstahl Ascoval furnace. Their data, together
with the arc current harmonics analysis and slag balance calculations, will feed an AI model for
comprehensive foamy slag quality assessment, which will be embedded in an existing dynamic EAF
process model for enhanced on-line process monitoring and control. The presentation will report
on the sensor and process model configuration and first results of their implementation at Ascoval’
s EAF.

Speaker Country:

Germany

Speaker Company/University:

VDEh-Betriebsforschungsinsitiut

Innovations in EAF Technology I / 103

Energy-Optimized, Emissions-ReducingTechnologies for EAF Steel-
making

Author: HAMZAH ALSHAWARGHI1

Co-authors: Davide Razzari 1; Joachim von Schéele 1; Pascal Kwaschny 1

1 Linde

CorrespondingAuthors: davide.razzari@linde.com, joachim.von.scheele@linde.com, pascal.kwaschny@linde.com,
hamzah.alshawarghi@linde.com

Linde’s CoJet® gas-injection technology, introduced in 1996 and now installed in over 175 EAFs, has
become the industry standard for chemical energy input. To further decarbonize EAF operations and
improve process efficiency, Linde has developed three hydrogen-ready systems: the 3-in-1 Injector,
the Fluidic Burner, and the OPTIVIEW® flue-gas monitoring system.

OPTIVIEW®provides continuous, image-based flue-gas analysis, enabling real-time post-combustion
control and reduced energy losses. The 3-in-1 Injector integrates oxygen lancing, carbon injection,
and burner mode in a single sidewall unit. Its supersonic oxygen jet fluidizes and accelerates carbon
for highly efficient delivery to the bath and slag–steel interface, improving slag foaming, refining,
and carbon-use efficiency. It also enables injection of DRI fines or lime, supporting the industry
shift toward DRI-based, low-carbon ironmaking. The Fluidic Burner uses fluidic oscillation to dy-
namically move the flame and melt more scrap, especially near the slag door or EBT.

As part of the GreenHeatEAF Consortium, Linde played a key role in on-site trials at SWERIM. The
trials demonstrated that Linde CoJet burners can achieve good results with hydrogen as fuel com-
pared to natural gas, even with different feedstocks such as DRI, scrap, or similar materials.

Page 77



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

This paper summarizes these technologies and their demonstrated performance in enabling lower-
carbon, hydrogen-ready EAF steelmaking.

Speaker Country:

Canada

Speaker Company/University:

Linde

Safety and Training I / 104

Improving Safety in Steelmaking Operations through Advanced
Computer Vision andMachine Learning within the iSteel-Expert
Project
Author: Giovanni Bavestrelli1

Co-authors: Marco Vannucci 2; Renato Girelli 3; Valentina Colla 4

1 Tenova
2 Scuola Superiore Sant’Anna, TeCIP Institute
3 Tenova S.p.A.
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CorrespondingAuthors: giovanni.bavestrelli@tenova.com, valentina.colla@santannapisa.it, marco.vannucci@santannapisa.it,
renato.girelli@tenova.com

The iSteel-Expert project pioneers an advanced computer vision and machine learning framework
for monitoring and analysis of Electric Arc Furnace (EAF) operations within steel plants. Co funded
with the European Research Fund for Coal and Steel (RFCS) G.A. 101112102, the project’s core mis-
sion is to develop a remote expert virtual system that enhances operator situational awareness, pre-
serves expert knowledge, and fosters improved safety and process efficiency in 24/7 industrial envi-
ronments.

This presentation focuses on the deployment and performance of several AI-powered visionmodules
designed to monitor critical aspects of the melting phase:

1. Human presence detection
Leveraging deep-learning object detection architectures, the system identifies personnel presence
in high-risk zones around the EAF. This ensures that operators are aware of human location
relative to hazardous operations, reinforcing safety protocols and minimizing accident risk.

2. Electrode smoke detection
A deep-learning model analyzes images to detect early signs of fumes emissions around the elec-
trodes and roof. Building on pretrained convolutional neural networks via transfer learning, this
module extracts visual cues to flag potential occurrences of dangerous reactions.

3. Slag door state detection
By analyzing camera feeds near the slag door, the system classifieswhether the door is obstructed.
This capability supports automated tracking of slag-removal timing and alerts operators to abnor-
mal or unsafe states.

4. Electrode movement speed estimation
Applying optical flow and frame-to-frame correlation, the system determines the position of the
electrode and its up-and-down velocity. Movement monitoring provides critical insights into
process control and identifies potential mechanical or control system degradation.
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5. Electrode-tip shape monitoring
Leveraging convolutional neural network-based segmentation, the system models and periodi-
cally assesses the electrode’s tip geometry. Detecting anomalies or wear extends electrode life,
minimizes unplanned downtime, and informs maintenance planning.

These modules form part of iSteel-Expert vision system which integrates cutting-edge AI techniques
to reinforce safety, optimize process efficiency, and enhances knowledge preservation in steelmaking
operations.

Initial deployment within the industrial EAF environment in Pittini Siderpotenza demonstrate reli-
able detection performance and alerting capability, supporting improved process transparency and
operator decision-making. Moreover, the results highlight the potential for broader application of
computer vision in the metallurgical domain and underscore the value of multidisciplinary collabo-
ration in Industry 4.0 transformations.

Future work will focus on large-scale validation of KPIs, refinement of AI modules, and training
system assessments.

Speaker Country:

Italy

Speaker Company/University:

Tenova

Renewable gases and CO2 mitigation in steel industry I / 105

CircularCarbon andElectrifiedHeat: Carbonneutral Syngas heated
by Paul Wurth Tempra to reduce Blast Furnace CO₂ Emissions

Author: Cristiano Castagnola1

Co-authors: Alessandro Olcese 1; Lorenzo Micheletti 1; Marco Venturini 1

1 SMS Group

CorrespondingAuthors: marco.venturini@sms-group.com, cristiano.castagnola@sms-group.com, alessandro.olcese@sms-
group.com, lorenzo.micheletti@sms-group.com

Decarbonizing existing Blast Furnaces is a critical challenge for integrated steel plants aiming for
climate neutrality. This paper introduces a technological pathway that uses thermal dry reforming
of coke plant by-products and Paul Wurth Tempra for electric gas heating in a top gas recycling
Blast Furnace scheme.
SMS group has developed the OXYTAR technology, which converts the hydrocarbons contained in
the coke oven gas (COG) and coke oven plant by-products (tar, coke fines) into high-quality reducing
gas through thermal dry reforming at temperatures up to 1400℃. Pilot campaigns at an industrial
coke oven plant validated the technology at TRL6, achieving syngas compositions suitable for effec-
tive use in the Blast Furnace process. The direct injection in the Blast Furnace Shaft of this syngas
once mixed with other available steelmaking gases, transforms waste streams into valuable feed-
stock, supporting circularity and lowering Scope 1 CO₂ emissions from Blast Furnaces in retrofit
configurations.
To maximize efficiency and eliminate fossil fuel combustion in hot stoves, SMS group has developed
the Paul Wurth Tempra system for electric heating of syngas to temperatures exceeding 1100℃.This
electrification step, which can be powered by renewable electricity, ensures precise thermal control,
high energy efficiency (>97%), and compatibility with hydrogen-rich blends when integrated with
Top Gas Recycling Blast Furnace (TGR) with CO₂ removal.
These combined technologies enable an opex friendly staged decarbonization: starting with a 30%
CO₂ emission reduction by utilizing internal available streams in integrated steel plants and reaching
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up to 70% with the incorporation of hydrogen in the top gas recycling loop, according to ISO 14404
CO₂ emission calculation standards.
Tempra system, combined with existing hot stoves, offers a unique solution for leveraging the vari-
able cost of renewable electricity throughout the day in a Thermal Energy Storage configuration.
This minimizes the cost of electrical power, which is typically a concern in areas where existing
blast furnaces operate.
The proposed solution provides a scalable and staged retrofit strategy for existing blast furnaces,
minimizing CAPEX while aligning with emerging green steel standards. Beyond CO₂ emission re-
duction, the concept enhances energy efficiency, valorizes by-products, and offers a flexible platform
for future integration with hydrogen and carbon capture/utilization (CCU).
This paper will detail the process fundamentals, energy balances, and implementation scenarios,
demonstrating how OXYTAR and Tempra can accelerate the transition toward low-carbon ironmak-
ing without compromising productivity and providing the best OPEX and CAPEX when natural gas
is not available.

Speaker Country:

Italy

Speaker Company/University:

SMS group, Italy

Innovations in EAF Technology I / 106

FESCON SYSTEM: TRANSFORMING STEEL TO GREEN
Author: Dogan ERTAS1

1 gemkom makina

Corresponding Author: dertas@gemkom.com.tr

In the steel production process, the Scrap Preheating Technique, which heats scrap to approximately
700℃ through Electric Arc Furnace melting, enables a significant reduction in electrical energy con-
sumption and, consequently, an increase in furnace efficiency. ”Furnace Energy Saving & Contin-
uous Charging (FESCON) System’’developed by GEMKOM, is a patented technology that brings
significant transformation to steel production processes through its “environmentally friendly”and
“high-efficiency production”, making it superior to existing systems. Adopted by pioneering com-
pany like KARDEMIR HADDECILIK, this innovative system integrates advanced methods for scrap
preheating, resulting in substantial improvements in emission reduction, productivity enhancement,
and energy efficiency. The successes achieved by KARDEMIR HADDECILIK with the FESCON sys-
tem highlight the importance of leading initiatives towards environmentally friendly steel produc-
tion. Key design features of the FESCON system include efficient scrap preheating, reduced dust
emissions, increased process stability, and optimized energy consumption. The achievements of
Kar-Demir with the FESCON system also inspire other companies in the sector to take further
steps towards environmentally friendly steel production, emphasizing the significant transforma-
tion brought about by innovative, sustainability-focused solutions in the industry. Among all the
advantages, one feature is giving the operational flexibility that FESCON is the only system on the
market where you can continue operation by taking FESCON system to parking position where all
other pre-heating technologies on the market is not giving such flexibility since they are strictly
combined with EAF.

Speaker Country:

Turkey

Speaker Company/University:

GEMKOM MAKINA
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Automation and Digitalization in Electric Steelmaking II / 107

Scrap-Aware Adaptive Process Control for Electric Arc Furnaces

Authors: Christian Rust1; Thomas Steinwiedder1

1 INTECO melting and casting technologies

Corresponding Authors: christian.rust@inteco.at, thomas.steinwiedder@inteco.at

This presentation introduces a scrap-aware adaptive electrode and process control concept for Elec-
tric Arc Furnaces (EAFs). The system performs an in-situ scrap classification based on process-
integrated signals to identify scrap stratification, density distribution and expectedmelting behavior.
These indicators drive an adaptive control layer that continuously adjusts transformer tap position,
reactor step, and phase-specific current setpoints representing arc length. Control characteristics
are automatically switched according to prevailing scrap conditions, improving arc stability across
bore-down, melting, and refining phases. A simplified melting model estimates remaining scrap
height and supports optimized burner coordination. Plant trials show improved arc stability, energy
efficiency, and reduced melting time, particularly for heterogeneous scrap mixes.

Speaker Country:

Austria

Speaker Company/University:
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Future Directions and Emerging Technologies / 108

Energy and CO₂ Reduction in Steel Reheating and Hot Rolling
through Intelligent Furnace Control and Delay-Aware Process In-
tegration

Author: Gulvir Singh1

1 Guru Nanak Dev Engineering College, Ludhiana

Corresponding Author: gulvir75@gmail.com

Steel hot rolling is a critical downstream process in steel production and remains highly energy-
intensive due to reheating furnace losses, unplanned mill delays, and insufficient coordination be-
tween furnace operation and rolling schedules. While significant progress has been achieved in im-
proving energy efficiency and decarbonization in primary steelmaking, downstream processes such
as reheating and hot rolling still present substantial opportunities for reducing fuel consumption
and associated CO₂ emissions.

This work presents an intelligent process integration framework aimed at improving energy and
material efficiency in steel reheating furnaces supplying blooms to a hot bar rolling mill. The pro-
posed approach integrates real-time thermal monitoring, delay-aware furnace control, and rolling
process constraints to minimize unnecessary overheating and idle fuel consumption during mill
interruptions. Unlike conventional furnace operation strategies that maintain fixed temperature set-
points regardless of rolling conditions, the developed control methodology dynamically adjusts fuel
input and furnace operating parameters based on predicted rolling delays and discharge require-
ments.
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A digital process model representing furnace heat transfer, bloom thermal evolution, and rolling
time–temperature constraints is employed to quantify energy losses under conventional and intel-
ligent operating strategies. The model enables real-time estimation of bloom surface and core tem-
peratures, allowing the furnace to operate closer to optimal thermal limits without compromising
rolling quality or productivity. Special emphasis is placed on managing energy losses during short-
and medium-duration rolling delays, which are commonly encountered in industrial rolling mills
and contribute significantly to excess fuel usage and CO₂ emissions.

The proposed framework was implemented and evaluated on an industrial pusher-type reheating
furnace with a production capacity of 25 t/h supplying a hot bar rolling mill. Comparative analysis
between conventional furnace operation and intelligent delay-aware control demonstrates a mea-
surable reduction in specific fuel consumption and corresponding CO₂ emissions, while maintaining
required rolling temperatures and dimensional quality of the rolled bars. The results confirm that
intelligent integration of reheating and rolling operations can play a significant role in achieving
energy efficiency and decarbonization targets in the steel industry.

The study highlights the importance of extending digitalization and intelligent control strategies
beyond primary steelmaking to downstream processing stages. The proposed approach supports
sustainable steel production by improving energy utilization, reducing emissions, and enhancing
operational flexibility, in alignment with the objectives of EMECR 2026.

Speaker Country:

India
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Automation and Digitalization in Electric Steelmaking III / 109

CFD modeling of supersonic jet impingement on molten bath
during electric arc furnace refining
Author: Jacob Schulman1
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1 Purdue University Northwest
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Electric arc furnaces (EAFs) have become a key steelmaking technology in recent years. Today,
more than 70% of steel produced in the United States comes from EAFs, which can reduce carbon
emissions by up to 55–60% compared with the traditional blast furnace–basic oxygen furnace route.
This makes EAFs a critical pathway for decarbonizing the steel industry. Despite these advantages,
further improvements in refining efficiency and process understanding are essential to meet increas-
ingly stringent sustainability and productivity goals. During the refining stage of EAF operation,
supersonic oxygen injection is employed to enhance molten steel stirring, control steel composi-
tion, and promote slag foaming, which shields the electric arc and improves thermal efficiency. The
behavior of these supersonic jets governs cavity formation, momentum transfer, and bath circula-
tion, all of which influence refining performance. However, these jet–bath interactions occur under
extreme thermal and chemical conditions, making direct experimental measurements inside indus-
trial furnaces extremely difficult. Computational fluid dynamics (CFD) has therefore become an
indispensable tool for studying complex phenomena such as supersonic injection in actual EAFs.
Modeling supersonic injection in EAFs poses significant challenges, including compressible turbu-
lent flow, free-surface deformation, multiphase interactions among gas, molten steel, and slag, and
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highly transient behavior. These complexities demand advanced numerical methods, careful mesh
design, and robust solution strategies to maintain stability and accuracy. In this study, an advanced
CFD framework based on the volume-of-fluid (VOF) formulation is developed to examine coherent
jets injecting oxygen at different Mach numbers during the refining stage. The simulations are based
on the geometry and operating conditions of an actual industrial furnace. To balance computational
cost with realistic representation, the model focuses on a section of the furnace rather than the full
geometry. Jet angle and position, as well as stand-off distances are selected according to typical in-
dustrial practice to ensure relevance. Simulations are used to evaluate coherent jet performance at
Mach 1 andMach 2, providing insights into their effects on cavity dynamics andmolten steel mixing.
The findings contribute to a deeper understanding of supersonic injection behavior and support the
development of industry-relevant guidelines for refining-stage optimization.

Speaker Country:

United States

Speaker Company/University:

Purdue University Northwest

Slag control and refractories I / 110

Process improvements by real-time on site analysis of metallur-
gical processes
Author: Martin Sprunk1

Co-authors: Christian Bohling 1; Jens-Uwe Günther 1

1 SECOPTA analytics GmbH

Corresponding Author: martin.sprunk@secopta.de

Currently, the European steel industry is undergoing a transformation, driven by two major forces.
Firstly, to stay competitive in difficult market situations, new ways to improve processes, reduce
losses and increase resource efficiency have to be developed. Secondly, economic and regulatory
forces drive a transition of the steel industry towards production processes with lower carbon emis-
sions.

One result is the transformation from the established BF+BOF process to electrical steelmaking with
DRI/HBI and scrap as the primary iron sources.
With DRI come two major challenges. One the one hand using DRI changes slag compositions
compared to the blast-furnace slag, changing steelmaking, but also valorization-possibilities of the
slag. On the other hand, DRI is much different from pig-iron as it is not fully reduced and also carries
high amounts of gangue material and different contents of carbon.

SECOPTA can show, that by using the LIBS-technology and fast, real time onsite analysis steel
production via the DRI-EAF route can be controlled more efficiently. This tight process control
enable producers to increase yield and reduce energy consumption and waste of resources.

Speaker Country:

Germany

Speaker Company/University:

SECOPTA analytics GmbH
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Safety and Training I / 111

Reducing Power-Off TimesThrough Maintenance, Training, and
Standardization
Authors: Daniel KakasNone; Felix FirsbachNone; Tabea Decker1

1 Badisch Stahl-Engineering

Corresponding Author: tabea.decker@bse-kehl.de

Power-off time (POFF) is a key driver in electric arc furnace (EAF) steelmaking for productivity, en-
ergy efficiency, operation costs, and CO₂ performance.
Consequently, Badische focuses on the human and organizational dimension of POFF reduction.
Top equipment can only bring financial benefits when it is operated and maintained well in the long
run. Improving maintenance strategies, investing in workforce capabilities, and increasing the level
of operational standardization became the main drivers. The objective is to move from reactive,
failure-driven maintenance toward well-prepared, predictable execution during power-off phases.
Examples at Badische’s steel plant in Kehl, Germany and other consultancy customers of Badische
are presented in this paper.
Clear task ownership, improved coordination between operation and maintenance, standardized
procedures and consistent communication routines reduced variability and dependency on individ-
ual experience. Strengthening workforce capability and alignment enabled faster and more reliable
maintenance execution without major capital investment.
The experience confirms that sustainable POFF reduction is largely determined by the human factor
once technical limits are reached. Meaningful improvements in furnace availability, energy effi-
ciency, cost reduction and CO₂ performance can be achieved by focusing on people, organization,
and disciplined standardization rather than additional equipment upgrades.

Speaker Country:

Germany

Speaker Company/University:

Badische Stahl-Engineering GmbH

Recycling, circular economyand reduction of environmental impact in steelmaking II / 112

FromFossil Dependence to EnergyResilience: Biosyngas for Low-
Carbon Steelmaking
Author: Thomas Bräck1

Co-author: Kristoffer Lorentsson 1

1 Meva Energy

Corresponding Authors: thomas.brack@mevaenergy.com, kristoffer.lorentsson@mevaenergy.com

The steel industry faces increasing pressure to decarbonize while maintaining reliability, cost com-
petitiveness, and product quality. While electrification and hydrogen play important long-term
roles, many steel plants still depend on high-temperature thermal processes where fossil natural
gas remains dominant. This creates an urgent need for scalable, renewable alternatives that can be
deployed within existing infrastructure.

This presentation introduces biosyngas as a practical and industrially proven solution for reducing
fossil fuel use in steel production. Produced on-site from renewable biomass residues, biosyngas can
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directly replace natural gas in high-temperature applications such as reheating furnaces, annealing
lines, ladle preheating, and other thermal processes critical to steelmaking.

Meva Energy’s gasification technology enables continuous, stable biosyngas production tailored to
industrial requirements. The talk will cover how biosyngas integrates with conventional steel plant
operations, including burner compatibility, control systems, and safety considerations. Special focus
will be placed on operational reliability, fuel flexibility, and how steel producers can decarbonize
without compromising uptime or product quality.

Real-world project examples and performance data will illustrate achievable CO₂ reductions, typ-
ical substitution rates of fossil gas, and the role of locally available biomass in strengthening en-
ergy security. The presentation will also address key decision factors for steel producers, including
CAPEX/OPEX trade-offs, regulatory drivers, and pathways toward net-zero strategies that combine
immediate emissions reductions with long-term transformation.

By sharing concrete lessons learned from industrial deployments, this session aims to move the
discussion from future concepts to actionable solutions—showing how biosyngas can serve as a
bridge technology enabling the steel industry to decarbonize today, using proven technology and
existing assets.

Speaker Country:

Sweden

Speaker Company/University:

Meva Energy

Recycling, circular economyand reduction of environmental impact in steelmaking I / 113

From Concept to Continuous Improvement –Stahlwerk Thürin-
gen as a Lighthouse for RHI Magnesita’s 4PRO Business Model

Author: Florian Kek1

Co-authors: Uwe Stummhöfer-Jähnichen 1; Michael Freiler 1; Patrick Stahl 2; Daniele Giunta 1; Florent Audia
1

1 RHI Magnesita
2 MIRECO

CorrespondingAuthors: florian.kek@rhimagnesita.com, uwe.stummhoefer-jaehnichen@rhimagnesita.com, michael.freiler@rhimagnesita.com,
patrick.stahl@mireco.com, florent.audia@rhimagnesita.com, daniele.giunta@rhimagnesita.com

StahlwerkThüringen (SWT) represents one of themost advanced real-world implementations of RHI
Magnesita’s 4PRO business model, demonstrating how the pillars Performance, Partnership, Peo-
ple, and Planet converge to drive continuous improvement and deliver measurable metallurgical,
environmental, and economic value.

This success is rooted in a 30-year partnership, during which RHI Magnesita progressively estab-
lished a commercial, fully digitalized Full Line Service (FLS) at SWT. Through professional refrac-
tory management, continuous monitoring, and structured maintenance concepts, specific refractory
wear and total refractory costs in the EAF were reduced by approximately 50%. Further efficiency
gains were achieved through closed casting practices, the introduction of tundish slide gate sys-
tems, and a shift toward monolithic lining concepts, significantly reducing refractory service-related
OPEX.
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Following these strong past achievements, the cooperation continues toward circular metallurgical
additives and advanced slag engineering, provided by MIRECO, the joint venture of RHI Magnesita
and HORN & Co.

The introduction of Circular Metallurgical Additives (CMA) and data-driven slag engineering, em-
bedded in MIRECO’s CERO Waste philosophy, established a holistic sustainability approach. This
concept is transferable to regions where MIRECO operates, supported by local recycling and pro-
cessing infrastructure. Through the incorporation of Refrattari Trezzi in the Milan region serves as
one example of how such solutions can be enabled locally.

From a Performance perspective, replacing conventional EAF and ladle additives with CMA gener-
ated six-digit annual Total Cost of Ownership savings, complemented by additional six-digit savings
through optimized slag practice and reduced manganese alloy consumption. Overall, SWT unlocked
a value creation potential of approximately €1 million per year. Additional benefits include reduced
refractory wear through the complete elimination of CaF₂ and shorter desulphurisation times en-
abling productivity gains.

ThePartnership pillar is reflected in decades of trust-based collaboration and strong cross-functional
integration. Direct on-site coordination by experienced technicians remains a key success factor.

From a People perspective, a Slag Engineering and Circular Additives Specialist supported imple-
mentation across all shifts, while teams from RHIM, MIRECO, and SWT—spanning Sales, Technical
Marketing, R&D, Recycling, and Operations—ensured rapid adoption and stable execution.

From a Planet perspective, CMA substitution delivers CO₂ savings of approximately 11 kg per tonne
of steel. Additional benefits include landfill avoidance, improved operator health, and groundwater
protection.

This case demonstrates how 4PRO creates multi-level added value and is transferable to other re-
gions. In particular, refractory recycling provides a proven pathway toward circular, high-performance
steelmaking wherever MIRECO infrastructure is available.

Speaker Country:

Austria

Speaker Company/University:

RHI Magnesita

Poster session / 114

3D measurement assisted bottleneck reduction in stainless steel
production
Author: Gregor Arth1

Co-authors: Matthias Höck 1; Sumit Sundaram 1

1 RHIMAGNESITA

CorrespondingAuthors: sumit.sundaram@rhimagnesita.com, matthias.hoeck@rhimagnesita.com, gregor.arth@rhimagnesita.com

Increasing steel weight per heat is a recurrent theme at many steelmakers to increase the produc-
tivity of the plant. This is generally limited by the volume of the various aggregates, EAF, Transfer
ladle, AOD and casting ladle. The steel shells are fixed and cannot be modified easily. There is only
the potential to reduce the size and shapes of the used refractory material. To avoid a negative im-
pact on the lifetime and safety, a 3D measurement of the wear after usage can help to optimize the
zoning of the refractory concept. RHIMAGNESITA has developed a new measurement system to
support steelplants with this challenge. The new system is small and flexible, therefore it can be
quickly moved and used in all areas. The paper describes several applications in different aggregates
with focus on the volume enhancement of the AOD.
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Innovations in EAF Technology II / 115

BSE-EAF –Future-proof Melting. Automated System for safe, re-
liable & efficient operation
Author: Ralf Schweikle1

Co-authors: Andrea Pezza 1; Jens Apfel 1

1 Badische Stahl-Engineering GmbH

CorrespondingAuthors: ralf.schweikle@bse-kehl.de, andrea.pezza@bse-kehl.de, jens.apfel@bse-kehl.de

Badische Stahl-Engineering GmbH (BSE) is one of the world leading engineering & consulting com-
panies belonging to the RSE-Group (Reinforcing Steel Europe B.V.) with its own steel plant Badische
Stahlwerke GmbH (BSW) both located in Kehl/Germany
Based on over 40 years of engineering, and even longer operational, experience & competence in
the field of EAF-technology, BSE developed and provides its own unique EAF design and process
technologies.
Key features and characteristics of the BSE-EAF are:
• Overall robust and reliable design of EAF-sections
• Well sized hydraulic system for safe and fast EAF motions
• Space saving gantry design
• Precise calculation and simulation of electrical power input system
• Reliable and efficient chemical energy system
• Customized shell dimensioning for given charge materials
• Modular equipment for quick change and safe maintenance
Beside all operational aspects of the design, also reliability andmaintainability of the system sections
are reflected in the design.
Currently BSE focused on developments to enable more and more automated and safe operation of
EAFs. Key technologies in these field are:
• Safe-cooled roof by using spray-cooling
• Smart leakage detection for closed circuit cooling systems
• Safe-EBT with TapHoleManipulator and EBT-Sandman
• DoorMan for automatic sill cleaning and closed door operation
• Automated Sampling & Temperature measuring systemwith automatic cartridge changing byMul-
tiRob
• Visual EAF-shell inspection by HD and HD-infrared cameras
The paper will show the technological backround of the mentioned features and characteristics. Fur-
thermore realized installations will be shown for better explanation and a outlook of the current
development activities will be given.

Speaker Country:

Germany

Speaker Company/University:

Badische Stahl-Engieering GmbH
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Ladle metallurgy and slag control / 116

The Evolution of Tundish Working Lining Mass as the Example
of Sustainability and Eco design of refractory masses
Author: Íñigo Xabier García Zubiri1

Co-authors: Ane Ibáñez 2; Olaia Beaumont 2

1 Magnesitas Navarras, S.A (TERRESIS MAGNA)
2 Terresis Magna

CorrespondingAuthors: ane.ibanez@terresis.com, olaia.beaumont@terresis.com, inigo.garcia@terresis.com

The aim of this self-setting monolithic refractory mass was to be the example of the easy and clean
tundish work lining performance for a steel plant. This contribution will present the history and the
evolution of this tundish working refractory product in the Steelmaking world during this recent
years. The development of Coldmag in Europe and America had its origin in 2007 and 2010 respec-
tively, by a close cooperation with Celsa France and Arcelor Mittal (AM Olaberria in Spain and AM
Acindar in Argentina), with a first paper and congress contribution in the IAS international Meeting
in Argentina in 2011. The different requirements of the different steel producers forced and allowed
Magna to introduce interesting modifications in the current tundish performance This paper shows
the evolution and adaptation of the Coldmag self-setting tundish working lining enhancing the sus-
tainability and the environmentally-friendly materials design.
This self-setting material basically consists in a dead burned magnesite in an adequate grain size
distribution and special system of liquids binders added to shape the mass. The monolithic shape is
achieved at room temperature, over a cold or a warm safety lining condition. The characterization
includes X-ray diffraction and fluorescence analysis, thermogravimetric, mechanical resistance and
thermal conductivity determination, considering the different developments introducing in the last
years for fulfilling the worldwide customers requirements.
Including a continuous mixer machine, the application of this material is much easier and cleaner:
no dust or vapors are produced. Health and safety conditions are improved using this system. The
additives involved as well as the improvements regarding the row materials used, probably makes
Coldmag self-setting material the most environmentally-friendly known way for tundish.
The energy and time efficiency, as well as the steel cleanliness, is noticeable enhanced using Cold-
mag. As a self-hardening material it does not need to be heated for its application.
Actually,Working together with our customers collaborators, this development allows us to close the
circle of the sustainability by recovering and processing the refractory residues after the deskulling
of the tundish.

Keywords: Self-setting; Environmentally-friendly, TundishWorking refractory lining; Circular Econ-
omy

Speaker Country:
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Magnesitas Navarras, S.A

Process Control andQuality Improvement / 117

Implementation of Novel Tracing Techniques to Control Steel
Cleanness in CO2‑Neutral Steelmaking
Author: Kathrin Thiele1
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CorrespondingAuthors: julian.cejka@unileoben.ac.at, kathrin.thiele@unileoben.ac.at, susanne.michelic@unileoben.ac.at,
daniel.ernst@unileoben.ac.at

The European steel industry is urged to achieve CO₂‑free production by 2050, as the iron and steel
industry is a major contributor to global anthropogenic CO2 emissions and thus to global warming.
The transformation of steelmaking will require established processes, such as the Electric Arc Fur-
nace (EAF), and novel technologies, including Hydrogen Plasma Smelting Reduction (HPSR) and the
Electric Smelting Furnace (ESF), to achieve crude steel production with near-zero direct CO2 emis-
sions. Ongoing research mainly focuses on primary metallurgy, aiming to optimize the reduction
process and increase the scrap rates. However, the quality of crude steel and the resulting require-
ments for subsequent secondary metallurgy have not yet been sufficiently quantified.
To ensure equal or even higher steel qualities under these evolving conditions, the application of
tracing techniques is required to address causes by identifying the origin and understanding the
formation of non-metallic inclusions (NMIs). Two innovative tracing approaches are the rare earth
element (REE) fingerprint and the isotopic spiking with enriched stable isotopes. Both methods have
different objectives in inclusion metallurgy. The use of the REE fingerprint technique enables the
determination of the origin of NMIs without the addition of an external tracer by only measuring
the natural concentration of REEs in auxiliaries and NMIs. Regarding the second approach, enriched
stable isotopes are added to one component in the steel-slag-refractory system. By modifying the
isotopic ratio of one potential source, it is possible to study occurring interactions without influenc-
ing the properties of the resulting NMIs.
These two tracing techniques enable the investigation of the impact of increased scrap rates and
lower scrap quality on steel cleanness which is linked to higher tramp element content in steels. By
now, the influence of the different tramp elements on steel properties such as steel cleannes is not
fully known by today. Furthermore, these tracing approaches can also be applied to study the effects
of modified input material mixes, alternative auxiliaries and alloying elements on secondary metal-
lurgy. Accordingly, this study highlights the impact of tramp elements and underscores the impor-
tance and operational principles of these tracing methods for reliable cleanness assessment.

Speaker Country:

Austria

Speaker Company/University:

Technical University of Leoben

Innovations in EAF Technology II / 118

Digital Regulator-Based Control Strategies for Electric Arc Fur-
nace
Author: Michel Wurlitzer1

Co-author: Mohammad Safi 1

1 ArcelorMittal Hamburg GmbH

Corresponding Authors: mohammad.safi@arcelormittal.com, michel.wurlitzer@arcelormittal.com

At the ArcelorMittal Hamburg facility, steel production has long relied on electric arc furnaces (EAF),
a process widely recognized for its resource efficiency and decarbonization potential. To further en-
hance operational performance, General Electric implemented a DirectFeed system, replacing the
conventional static VAR compensator (SVC). This advanced high-voltage power conversion technol-
ogy introduces a paradigm shift in furnace control by enabling continuous and decoupled regulation
of voltage and current, thereby allowing dynamic adaptation to varying operating conditions and
precise management of the thermal equilibrium within the EAF.

Page 89



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

Beyond its documented benefits for grid stability, the system’s novel control mechanisms deliver
operational advantages. Ultra-fast response times facilitate dedicated arc length and power control,
which can be leveraged to optimize energy efficiency, minimize refractory wear, and reduce the for-
mation of leakages. Furthermore, the ability to tailor electrical parameters to distinct melting phases
mitigates arc instability and improves process responsiveness, establishing a robust foundation for
advanced, data-driven furnace operation.

Speaker Country:

Germany

Speaker Company/University:

ArcelorMittal Hamburg GmbH

Scrap management and quality improvement / 119

Conclusions ofCAESARHEUproject - CirculArity Enhancements
by low quality Scrap Analysis and Refinement
Author: Jean-Christophe Pierret1

Co-authors: Antoine Llau 2; Borja De La Peña 3; Clara Delgado 4; David Garcia 4; Dirk Verbeken 5; Frank van
de Winkel 6; François Guerin 7; Greta Minelgaite 8; Harsh Priyadarshi 9; Iker Basterretxea 10; Itziar Marquez 8; Jon
Reyes Rodriguez 3; Lucia Unamunzaga 4; Philippe Russo 9; Stéphane Sanchez 11; Ward Melis 12
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Scrap plays a crucial role in steelmaking in order to enhance processes sustainability, as it reduces
the reliance on virgin raw materials and supports the circular economy, while lowering CO₂ emis-
sions and energy demand. However, current trends in the EU scrap market show a slight decline in
pre-consumer scrap streams (E2, E6, E8, turnings, etc.) and a short- and long-term increase in post-
consumer scrap availability (E1, E3, HMS⋯), driven by the growth in steel consumption over the
past decades. Nowaday, these so-called “low-quality”scrap streams do not meet the requirements of
several applications, which limits their use in steel production, particularly for flat products.
To expand steel scrap recycling capacity and improve energy efficiency, while maintaining EU com-
petitiveness and securing supplies in terms of raw materials, energy, and climate impact, innovative
technologies must be deployed to clean, upgrade, and valorize scrap before it enters steelmaking fur-
naces. Over a four-year period, the CAESAR project brought together steel producers, technology
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providers, and research institutions to validate, at full industrial scale, integrated technologies for
scrap upgrading, sorting, and characterization. The project’s objective is to enable the local use of
low-quality scrap streams in Europe while ensuring high product quality and creating valorization
pathways for all recovered non-ferrous fractions, moving toward a zero-waste steel industry.
Close to the end of the project, several interesting results have been obtained on key topics:
• Mapping of the EU scrap market and characterization of exported low-quality grades –in particular
with respect to locally consumed ones
• Selecting, testing and integrating the best available technologies to upgrade, sort and characterize
lower-quality scrap
• Exploring advanced scrap cleaning and on-line characterization technologies
• Valorization of non-ferrous by-products generated by the upscaling steps and Life Cycle Assess-
ment of the scrap upgrading compared to classical process
• Industrial scale validation of the technologies

The research leading to these results has been performed within the CAESAR project and received fund-
ing from the European Community’s Horizon 2020 Programme under grant agreement n° 101058520.

Speaker Country:

Belgium

Speaker Company/University:

Centre for Research in Metallurgy (CRM)

Process Control andQuality Improvement / 120

Influence of copper and tin on the oxidic cleanness and investi-
gation of the agglomeration tendency of non-metallic inclusions
in a medium-carbon steel
Authors: Julian Cejka1; Nikolaus Preisser2; Isabell Gruber2; Kathrin Thiele1; Susanne Michelic1
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The European Green Deal and its consequences represent a disruptive change in steelmaking as the
iron and steel industry contributes up to 7 % of total European greenhouse gas emissions. The goal
to reach CO2-neutrality until 2050 requires a variety of new technologies such as direct reduction
using hydrogen. Since the availability of both facilities as well as green hydrogen will not be suffi-
cient, more established processes such as remelting of steel scraps in Electric Arc Furnaces (EAFs)
are required as well. Therefore, it is essential to increase the recycling rate of steel which means that
also lower quality secondary resources must be used which contain higher tramp element contents.
These elements impact steels in various ways by, for example, affecting phase transformations or
leading to hot shortness.
The research on tramp elements in steel until now hasmainly focused on hot shortness or scaling dur-
ing continuous casting and hot working while knowledge on interactions between tramp elements
and non-metallic inclusions (NMIs) is still limited. The presence of copper and tin lowers the surface
tension of steel melts. The authors have shown that this leads to an increase in nucleation of NMIs
and changes wetting behavior, in turn affecting separation of NMIs into the slag as well as clogging.
The first part of this study considers the effect of tramp elements on the agglomeration behavior of
NMIs which is also influenced by surface tension and wetting behavior. Therefore, the movement of
NMIs on the interface between steel and argon is tracked using High-Temperature Confocal Scan-
ning Laser Microscopy (HT-CSLM). The attraction forces are calculated using the acceleration and
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the calculated mass depending on the chemistry analyzed by Scanning Electron Microscopy with
Energy Dispersive Spectroscopy (SEM/EDS).
Furthermore, the behavior of NMIs on steel/slag interfaces is analyzed. for which a newly invented
set-up for the observations of the interface through a liquid slag in the HT-CSLM is used. Therefore,
larger synthetic spheres made of zirconia, silica, and alumina are added to the steel resembling dif-
ferent NMIs. These larger NMIs can be tracked even through the slag layer enabling the observation
of agglomeration and repulsion as well as dissolution of NMIs when in contact with both steel and
slag. The comparison of NMI movement in steels with and without tramp elements will provide
valuable insights to retain or even improve the cleanness of steels made by remelting of low-quality
scrap in EAFs.

Speaker Country:
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Technical University of Leoben

Scrap management and quality improvement / 121

Image-Based Steel ScrapMixture Recognition Using Deep Neural
Networks

Authors: Andrea BertoglioNone; Giovanni MissoNone; Nicola SegnaliNone; Omid FatemiNone

CorrespondingAuthors: andrea.bertoglio@regestaitalia.it, omid.fatemi@regestaitalia.it, nicola.segnali@regestaitalia.it,
giovanni.misso@regestaitalia.it

Steel scrap recognition plays a crucial role in energy consumption optimization in the electric arc
furnace (EAF) steel production process. Scrap picking for basket loading is traditionally in charge
of the operator, who operates based on the expected charge mix. This process is prone to human
operator errors. Scrap loads typically consist of heterogeneous mixtures of metal waste with diverse
shapes and sizes, often comprising multiple scrap classes within a single batch. Thus, the scrap mix-
ture recognition can be defined as estimating the contribution of scrap classes present in the load.
In this article, we propose a data-driven method for steel scrap recognition based on convolutional
neural networks. We utilized ResNet50 architecture due to its excellent performance in image recog-
nition tasks. To adapt the model to predict mixture proportions instead of one-hot class labels, the
network is modified by replacing the original classification head with a trainable output layer and
applying a softmax normalization. The model is trained using Kullback-Leibler (KL) loss function
that directly compares predicted and annotated scrap class distributions. The dataset consists of
approximately 46000 industrial images, annotated with soft labels representing mixture proportions
and spans 21 scrap classes. The classes are a customer extension of standard European steel scrap
specification EU-27. Training and evaluation are conducted taking into account the class imbalance.
The model predictions, then, along with EAF operators’ knowledge are processed with generative
ai to suggest optimal furnace parameters and highlight potential issues between scrap mixture and
furnace parameters.
Model performance is primarily evaluated using distribution-based metrics aligned with soft-label
formulation of the problem. In particular, macro-averaged and weighted mean absolute error (MAE)
are used to quantify deviations between predicted and ground-truthmixture proportions. The trained
model achieves a macro-averaged MAE of 2.04% and a weighted MAE of 3.97%, indicating that pre-
dicted mixture compositions deviate from ground truth by only a few percentage points on average.
Per-class error analysis shows that higher prediction errors are mainly associated with underrepre-
sented classes.
These results demonstrate that convolutional neural networks are a viable solution for steel scrap
mixture recognition in real industrial environments. Futureworkwill focus on expanding the dataset
beyond 100000 images, improving performance for low support classes, and exploring more expres-
sive model architectures to further enhance accuracy.

Speaker Country:
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Automation and Digitalization in Electric Steelmaking II / 122

VISIOMAG: Advanced Technology for Safe and Efficient Refrac-
tory Monitoring in the Steel Industry

Author: Joseba RodriguezNone

Corresponding Author: joseba.rodriguez@terresis.com

The steel manufacturing industry faces increasingly demanding technological challenges, particu-
larly regarding the safety, efficiency, and reliability of maintenance processes. One of the most
critical issues is monitoring the condition of refractory linings in furnaces, ladles, and converters
without exposing operators to risk or interrupting production. In response to this need, MAGNA—
leveraging its extensive experience in robotic gunning for electric arc furnaces (EAF) and refractory
repair—has developed VISIOMAG, a groundbreaking 3D scanning system that redefines how refrac-
tory health is assessed.
VISIOMAG is a wraparound system installed around the object to be measured, enabling a precise
3D reconstruction in just 15 seconds. Its compact, autonomous design eliminates the need for aux-
iliary machinery or risky proximity to high-temperature zones. Measurements can be completed in
only 6 seconds, without halting steel production, representing a major advancement in operational
safety and industrial efficiency.
A key advantage of VISIOMAG is its ability to function reliably under extreme conditions, such as
smoke, intense heat, and radiation, without compromising measurement accuracy. The system deliv-
ers real-time, dependable data that supports strategic decision-making regarding refractory lifespan
and helps prevent structural failures, perforations, and costly downtime.
Designed with usability in mind, VISIOMAG features an intuitive interface that allows any operator
—regardless of experience—to interpret results and act quickly. It also includes an automated repair
recommendation module, specifying the type of product and exact location for application, stream-
lining interventions and improving repair quality.
Currently, VISIOMAG is operational in two industrial plants. One of them has fully integrated the
system into its production workflow, using its data to guide both maintenance planning and repair
execution. This implementation has led to significant improvements in operational efficiency, per-
sonnel safety, and refractory durability.
With VISIOMAG, MAGNA delivers a cutting-edge solution tailored to the real needs of the steel
sector, combining innovation, safety, and performance in a system that sets a new standard for
refractory monitoring.
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Successful implementation of electric steelmaking technologies & Best practices / 123

VIDEOMAG: high duty video technology applied to supervision
of guning application in an EAF
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In the steelmaking industry, safety and precision during refractorymaintenance are critical. MAGNA,
with extensive experience in robotic gunning for Electric Arc Furnaces (EAF), has identified a key op-
erational challenge: gunning is typically performed manually by an operator using a remote control,
positioned near the furnace with direct visual contact. This exposes personnel to intense environ-
mental stress and potential hazards such as heat, radiation, and refractory debris.
To address this, MAGNA has developed VIDEOMAG, an advanced video-based supervision system
designed to enable fully remote gunning operations. The system integrates a high-resolution camera
mounted on the gunning robot’s head, transmitting real-time video to a monitor located in the EAF
control room. This allows the operator to perform the entire gunning process from a safe distance,
eliminating exposure to dangerous furnace conditions.
VIDEOMAG offers unmatched visual access to the furnace interior, with full 360º movement of the
gunning head and superior image quality compared to direct observation from the furnace platform.
The system is engineered to operate reliably in harsh environments, including high temperatures,
smoke, and dust, ensuring consistent performance during refractory maintenance.
A key innovation of VIDEOMAG is its dual-camera capability: alongside the live video feed, it in-
corporates a thermal imaging camera that simultaneously captures temperature data. This enables
operators to assess refractory conditions in real time and identify hot spots or areas requiring urgent
attention. The system also supports inspection tasks, allowing detailed visual and thermal analysis
of specific furnace zones at any time.
All operations are recorded, providing valuable footage for post-process review, quality assurance,
and early detection of issues such as water leaks or refractory degradation. This enhances traceabil-
ity and supports continuous improvement in maintenance strategies.
VIDEOMAG is currently in use at four industrial sites, where it has proven its value by significantly
improving repair times, enhancing operator safety, and enabling early detection of leaks in cooling
panels, helping prevent serious accidents. These results confirm VIDEOMAG as a transformative
solution for EAF maintenance.
By removing the operator from hazardous zones and providing enhanced visual and thermal feed-
back, VIDEOMAG enables faster, safer, and more effective gunning applications—setting a new
standard for remote refractory supervision in steel production.
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Co-combustion characteristics of PCI coal and alternative carbona-
ceous fuel for blast furnace operation

Author: Jongho Kim1
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This study experimentally analyzed the combustion characteristics of Biocarbon and Carbon Black
as potential substitutes for PCI coal in the blast furnace process. Thermogravimetric analysis was em-
ployed to determine the basic combustion properties of each sample, while drop tube furnace and
laminar flow reactor were used to evaluate combustion performance and visualize single-particle
behavior. Based on these results, the limit injection rate for each fuel was derived. Four types of Bio-
carbon (BC300, BC400, BC500, BC800, classified by carbonization temperature), two types of Carbon
Black (CB-I with high purity and CB-II with higher ash content), and one PCI coal as a reference. All
Biocarbon samples exhibited higher reactivity than PCI coal, with reactivity decreasing as carboniza-
tion temperature increased. In contrast, both Carbon Black samples showed lower reactivity than
PCI coal. DTF single-particle combustion tests indicated that BC500 and BC800 had the best com-
bustion performance, while CB-I performed the worst. In co-firing experiments, BC400 and BC500
showed improved combustion from a 5% co-firing ratio, whereas CB-I exhibited reduced combustion
performance with increasing co-firing ratio. LFR visualization revealed that BC300 produced a flame
cloud typical of biomass combustion, while other Biocarbon samples exhibited fragmentation simi-
lar to coal, promoting combustion. CB-I and CB-II, with nano-sized particles, formed bulkier char
particles due to strong electrostatic attraction. CB-II also showed extended combustion length due
to its high ash content. In co-firing cases, all Biocarbon samples except BC300 exhibited increased
combustion length, while Carbon Black samples showed reduced combustion length at 3% co-firing
ratio, followed by an increase from 5%. To determine the limit injection rate for PCI application,
three factors were considered: (1) combustibility, (2) heating value (HHV), and (3) ash content. The
combustibility-based limit injection rate was found to be more restrictive than those based on HHV
or ash content, indicating that combustibility is a critical factor in determining the feasible injec-
tion rate for alternative fuels in BF PCI operations. These findings provide essential insights into
the operational feasibility of Biocarbon and Carbon Black as PCI coal substitutes, highlighting the
importance of combustion performance evaluation in setting injection limits.
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Research for Redesigning the Steel Scrap System
Author: Zushu Li1
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The steel industry, which accounts for 7% of global anthropogenic CO2 emissions, is undergoing a
major transition to reduce its carbon footprint, with several technologies being developed, trialled
and commercialised at different scales, including scrap-based electric arc furnace (EAF), hydrogen di-
rect reduced iron (HDRI)-EAF, hydrogen direct reduced iron (HDRI)-electric smelting furnace (ESF)-
basic oxygen furnace (BOF), and iron ore electrolysis routes. All these new technologies have the
potential to reduce CO2 emissions from 1.8~2.4 tonnes per tonne steel in the BF-BOF route to as
low as 0.1 tonne CO2 per tonne steel if renewable energy is used. The scrap-based EAF route is par-
ticularly attractive because of its several advantages such as its proven capability at industry scale
and the increasing scrap availability. World Steel Association estimates that the global end-of-life
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steel availability will reach about 600 Mt in 2030 and 900 Mt in 2050. In the UK the annual scrap
generation is over 11 Mt, exceeding its crude steel production of about 5.5 Mt per year.

The role of scrap in steel manufacturing has been evolving from serving primarily as a coolant
in the BF-BOF route to becoming the main metallic raw materials in the (scrap-based) EAF route
for producing certain high-quality steels that are traditionally made via the BF-BOF route. The
scrap system, from generation and processing to quality assurance (including specifications) and
efficient usage in steelmaking, must be redesigned to align with the evolving steel manufacturing
landscape.

This talk will present a wide range of research activities undertaken by the authors to support the
redesigning of the steel scrap system. Scrap standards and specifications are first examined in light
of the evolving steelmaking technologies with recommended changes. Adopting circular economy
principles during scrap generation and processing can substantially improve the scrap quality and
value. One example to demonstrate is the automated disassembly of the end-of-life e-machines
(compared to the current practice of shredding), enabling effective recovery of steels, aluminium
and critical minerals and avoidance of contamination to scraps. Considering the urgent need of
qualitymonitoring tools for the heterogeneous scrap, we developed a faster, smarter andmore robust
computer vision system, powered by a unique machine unlearning framework, for specific object
identification and scrap quality assurance. The optimised scrap usage in steelmaking, in combination
with OBMs (ore based metallics), is modelled considering steel chemistry, cost and environmental
impacts.
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FundamentalUnderstanding ofModifiedElectricArc Furnace Slag
for the Production of Electric Cement
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Electric Arc Furnace (EAF) steelmaking, because of its flexibility, high energy efficiency and low
emissions, plays a critical role in decarbonising the steel industry. EAF slag is a CaO-SiO2-FeO-
MgO-Al2O3 system, comprising 30~60% CaO, 15~25% SiO2, 2~10% Al2O3, 2~15% MgO, and 10~30%
FeO, depending on different raw materials used and varying EAF operating conditions. Majority of
EAF slag is used as an alternative to rock fragments in various construction applications. The use of
EAF slag to produce supplementary cementitious materials (SCMs) has also been extensively studied
by reducing its FeO content through various methods, however, it is still challenging.

To better utilise the EAF slag, a novel technology to directly produce Portland cement clinker in EAF
steelmaking (i.e. electric cement) has been explored by adjusting the EAF steelmaking operating
conditions. This new technology can produce low-carbon footprint cement clinker, supporting the
decarbonisation of the cement industry, another hard-to-abate sector. This paper reports the funda-
mental understanding of modified EAF slags for producing electric cement through thermodynamic
simulation, in-situ observation of high-temperature behaviours, and advanced characterisation of
the modified EAF slags.
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Understanding the formation conditions and mechanisms of tricalcium silicate (C3S - 3CaO∙SiO2)
phase in EAF slag is the key to enabling its utilisaiton for cement production because C3S is the
principal hydration phase in Portland cement clinker. It was found that the C3S content in EAF
slag exhibits a notable increase with increasing slag basicity and reaction time. The C3S formation
mechanism in EAF slag is different from that in conventional Portland cement clinker production. It
depends on the local conditions in the slag. In the lime-rich region it primarily takes place through
the direct formation, i.e. 3CaO(s) + SiO2(l) = 3CaO·SiO2(s), controlled by the diffusion of SiO44− in
liquid phase, while in the dicalcium silicate (C2S) rich region, C3S formation primarily occurs via
the indirect formation: 2CaO·SiO2(s) + CaO(l) = 3CaO·SiO2(s), with the reaction being controlled
by the diffusion of Ca2+ in the liquid slag. Cooling regime could play an important role in C3S
formation. Rapid cooling from 1600 ℃ to room temperature at a cooling rate of -1500 K/min ℃ led
to the formation of a large quantity of dicalcium silicate (C2S) and a calcium ferrite (CF) based slag
with a small amount of C3S. Increasing the holding time at high temperatures facilitates the C3S
crystal nucleation and growth, thereby increasing the C3S content in modified EAF slag.
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Establishment and joint utilization of static and dynamic models
for Baosteel electric arc furnaces

Authors: bohan tian1; zaoping chen1

1 baosteel

Corresponding Author: tbh_steel@163.com

Establishingmathematical models to predict the production status and process parameters of electric
arc furnaces (EAFs) for guiding actual production holds significant importance. Based on the princi-
ples of mass and energy balance, this study developed a steelmakingmodel for ECS EAF.Through cal-
culations with this model, parameters such as post-combustion energy utilization efficiency, oxygen
utilization rate, and air inhalation ratio were obtained. These parameters were further incorporated
into a dynamic model, which is established based on energy utilization efficiency and metallurgical
reaction principles. A targeted comparative analysis was conducted to examine the effects of differ-
ent processes on various steelmaking indicators of the EAF and to identify optimization directions.
In the future, to optimize the steelmaking indicators of the EAF, it is necessary to further enhance
the coordination of the oxygen-carbon injection, power supply, scrap feeding rate and strengthen
post-combustion in the foamy slag.

Speaker Country:

China

Speaker Company/University:

Baosteel

Recycling, circular economyand reduction of environmental impact in steelmaking II / 128

Page 97



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

Performance analysis and substitution potential of biomass char-
coal as foaming agent for EAF
Authors: Yingtie XU1; Guangwei wang2

1 Baoshan Iron and Steel Co., Ltd.
2 University of Science and Technology Beijing

Corresponding Author: xuyingtie@baosteel.com

Foamed slag technology is the core process of ultra-high-power electric furnace steelmaking, which
is crucial for enhancing thermal efficiency, protecting furnace lining and optimizing molten steel
quality. This paper takes biomass charcoal as the research object, systematically analyzes its per-
formance and influencing factors as a blowing agent, and compares it with traditional fossil-based
blowing agents (coke, graphite, anthracite). Waste wood block charcoal, corn stover charcoal, waste
bamboo charcoal and industrial wood charcoal were used in the experiment, combined with chemi-
cally formulated electric furnace slag, and their foaming ability was evaluated by high-temperature
foaming experiments with comprehensive foaming index (K). The results showed that the waste
wood charcoal showed the best overall performance due to its high fixed carbon content and low
ash content; the corn stover charcoal significantly reduced the viscosity of the slag due to its high ash
content and high alkali metal content, resulting in the worst foaming area and duration; the waste
bamboo charcoal, although with the highest fixed carbon content, had a high potassium content in
the ash content that exacerbated the deterioration of the foam stability, and had a second best overall
performance than that of the waste wood charcoal. Compared with fossil blowing agents, graphite
showed the highest maximum foaming area and comprehensive index, but industrial wood charcoal
showed substitution potential by virtue of its longer foaming time and low-carbon environmental
protection characteristics. The study further revealed the synergistic effects of slag alkalinity, vis-
cosity and surface tension on foaming performance, indicating that alkali metals (e.g., K, Na) in the
ash fraction of biomass char reduced the viscosity by disrupting the silica-oxygen network, but an
excessive amount shortened the foam life. This study provides a theoretical basis for the large-scale
application of biomass char in electric furnace steelmaking, which is in line with the development
needs of green metallurgy under the “dual-carbon”strategy.
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Temperature predictionmodel in an electric arc furnace based on
data-driven
Author: Maoqiang Gu1
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Accurate prediction ofmolten steel temperature in electric arc furnaces plays a crucial role in optimiz-
ing steelmaking processes. However, the EAF smelting process is characterized by strong nonlinear-
ity, complex multivariable coupling, and significant uncertainty, which pose substantial challenges
to conventional mechanism-based temperature models.
To address these challenges, a data-driven temperature prediction model in an electric arc furnace is

Page 98



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

proposed. A comprehensive dataset collected from an operating EAF is first preprocessed to remove
noise and outliers. Key process variables affecting temperature evolution are identified through cor-
relation analysis and feature selection techniques, including scrap amount, pig iron amount, lime
amount, oxygen consumption, total power consumption, melting duration. These variables are used
as inputs of temperature prediction models.
Several machine learning algorithms, including artificial neural networks, support vector regres-
sion, and ensemble learning methods, are developed and systematically compared to evaluate their
prediction performance. The models are trained and validated using actual plant data, and their ef-
fectiveness is quantitatively assessed using standard statistical metrics such as mean absolute error,
root mean square error, and the hit rate.
The results demonstrate that the data-driven models can effectively learn the complex mapping be-
tween process parameters and molten steel temperature, achieving higher prediction accuracy. The
proposed approach offers a feasible and scalable solution for intelligent temperature management
in electric arc furnace steelmaking and provides a valuable reference for the development of smart
manufacturing in the steel industry.
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Achieving net zero ironmaking demands a fundamental shift away from conventional blast furnace
routes, which remain among the largest industrial sources of CO₂ emissions due to their dependence
on fossil fuels and limited integration of hydrogen. The Hy4Smelt industrial demonstration project
addresses this challenge by combining hydrogen based fine ore reduction using the HYFOR® pro-
cess with an electrically powered Smelter, enabling the production of potential net-zero hot metal
avoiding carbon intensive up-stream processes.
Hy4Smelt builds on extensive development of both HYFOR® fluidized bed reduction and Smelter
technology. The process eliminates the need for agglomeration and can treat (ultra )fine iron ores
of all available qualities and mineralogies. This flexibility is increasingly critical as global ore grades
decline and options for beneficiation and agglomeration become more constrained. The integrated
Smelter efficiently processes lower grade direct reduced iron (DRI) with higher gangue levels, ensur-
ing stable melting performance across a broad feedstock range.
An industrial demonstration plant is currently being implemented by a consortium comprising
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Primetals Technologies, voestalpine, and Rio Tinto. Located at voestalpine’s Linz site, the facility in-
tegrates HYFOR® fluidized bed technology producing up to 2.6 tons per hour of DRI with a Smelter
designed for up to 2.4 t/h of green hot metal output. Fully powered by renewable electricity and sup-
ported by on site green hydrogen production via a PEM electrolyser, the plant aims to deliver hot
metal and slag comparable in quality to blast furnace products while eliminating carbon intensive
process steps. Continuous, near industrial scale operation will allow comprehensive validation of
process performance, operability, and product quality.
This contribution presents the technological concept and current project status. Key topics include
preheating strategies for (ultra )fine ores, reduction behavior within the HYFOR® reactors, and DRI
fines handling, including HBI briquetting and alternative feeding methods into the Smelter. Focus
areas at the Smelter include melting of fine and briquetted carbon-free DRI/HBI, management of
varying metallization degrees, final iron oxide reduction in the slag phase, and hot metal carburiza-
tion through secondary carbon sources. Additional attention is given to the utilization of the Smelter
slag as a secondary cementitious material, highlighting the project’s emphasis on circularity and re-
source efficiency.
The Hy4Smelt project is positioned to significantly reduce CO₂ emissions while establishing a new
technological benchmark for sustainable ironmaking. Beyond its environmental impact, the demon-
stration plant will serve as an advanced digital showcase, a replicable blueprint for future climate
neutral steel production facilities worldwide.
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In flat steel production, hot-rolled steel surfaces are subjected to acid pickling to remove surface
oxide layers. During pickling, the iron concentration in the acid increases over time, and the spent
acid is treated and recycled through an acid regeneration process. As a by-product of this process,
iron oxide particles composed primarily of hematite and magnetite with an average particle size of
approximately 1 mm are generated. However, these by-products are generally utilized in low-value
applications despite their high iron content and pigment potential.
This work focuses on converting these iron oxide by-products into nano-sized red iron oxide (α-
Fe2O3) pigment, contributing to waste valorization and circular material utilization. A two-step
synthesis route was employed, in which ferrous chloride was first obtained via an acid leaching pro-
cess, followed by controlled oxidation and calcination at temperatures between 500 and 800 ℃ to
synthesize nano-sized α-Fe₂O₃.
The influence of calcination temperature on phase formation and particle size was investigated.
Hematite formation was confirmed by XRD, while SEM–EDS and particle size analysis were em-
ployed to assess microstructural and compositional features. The results demonstrate the feasi-
bility of producing nano-sized α-Fe₂O₃ pigment from steel industry waste through a scalable and
environmentally sustainable process. This approach offers a sustainable pathway for the valoriza-
tion of steel industry by-products, promoting circular material utilization and minimising industrial
waste.
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All-Electric Plasma Torches as a Replacement for Industrial Gas
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In the course of industrial decarbonization, the substitution of gas burners in industrial furnace sys-
tems is becoming increasingly important. All-electric plasma torches offer a viable alternative for
retrofitting existing systems. These can be implemented without requiring a complete system over-
haul.
Both electrode and electrodeless plasma systems are used. Electrodeless systems operate virtually
wear-free and are therefore ideally suited for extended maintenance-free operation.
The system developed by XERION is based on plasma generation in an inductively coupled high-
frequency electromagnetic field. This incorporates XERION’s extensive experience in high-temperature
furnace construction and its comprehensive expertise in inductive heating processes.
Results and experiences from a 65 kW experimental unit, built in-house and operated under variable
conditions for several months, are reported. Part of the experimental unit is a gas-tight chamber
directly flanged to the plasma torch. This allows for excellent analysis of the heat transfer from the
torch to a furnace chamber. The behavior under various plasma gases and furnace atmospheres, such
as argon, air, and hydrogen, is also tested. The use of hydrogen as the plasma gas is of particular
interest because the reducing effect is significantly increased by ionization.
Key factors for the industrial application of these plasma torches are the achievable efficiency and
the necessary long-term stability.
Furthermore, a 150 kW XERION plasma system is described, which will be operated on a rotary kiln
as part of an international research project.
The outlook presents the possibilities for increasing the power output up to the megawatt range
and the combination with various industrial furnaces. The use of novel silicon carbide-based power
electronics components enables the cost-effective implementation of high-voltage, high-frequency
circuits required to power the inductors.
The future application as direct firing of rotary kilns in the temperature range above 1,100℃ appears
particularly promising.
These all-electric plasma torches can also be used as a replacement for auxiliary burners, such as
those used in Electric Arc Furnaces. This allows such systems to be operated 100% electrically, elim-
inating the need for natural gas.
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Optimized Scheduling for Electric Steelmaking: Integrating EAF,
Secondary Metallurgy, Casting and Rolling for Throughput and
Energy Efficiency
Author: Michael Peintinger1
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In the electric steelmaking industry, short-term production planning often remains siloed, with pro-
cess areas like the Electric Arc Furnace (EAF) melt shop, secondary metallurgy, and casting machine
scheduled in isolation. This operational separation creates significant internal friction, manifesting
as waiting times, inconsistent thermal profiles, and excessive energy consumption whenever inter-
process synchronization falters.
We present a modern approach utilizing digital scheduling systems to unify these interdependent
operations. We introduce a single, integrated process model built around a Mixed-Integer Linear
Programming (MILP) core, which is further refined by a robust set of rule-based logic derived from
expert operator knowledge and real-time plant data. This system generates a coordinated, executable
production plan that ensures all steps from scrap charging to final casting are perfectly aligned.
An additional key capability is dynamic, reactive rescheduling. When unforeseen operational events
occur, such as EAF delays, ladle transit variations, or caster disruptions, the system immediately
performs a localized re-optimization. Unlike legacy systems that require a full plan rebuild, this
approach adjusts only the necessary sequence sections, maintaining overall schedule stability and
minimizing disruption to downstream processes.
Results from recent implementations across leading European and American flat-product electric
mills illustrate substantial performance gains. These quantifiable improvements translate directly
into maximized throughput, reduced operational costs, and higher on-time delivery reliability.
Ultimately, this integrated digital scheduling framework serves as a core pillar for operational ex-
cellence in modern electric steelmaking. By linking complex planning logic with plant KPIs and
process automation, it empowers planners to evaluate performance scenarios in real-time, driving
continuous improvement and accelerating the industry’s digital transformation journey.
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Ecological assessment of the use of hydrochar in EAF operation
based on an LCA approach
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Electric arc furnaces (EAFs) rely on carbonaceous materials (e.g., anthracite, coke breeze, or syn-
thetic graphite) for slag foaming, oxygen refining, and energy efficiency. Replacing fossil-derived
carbon with hydrochar, produced via hydrothermal carbonization (HTC) of biogenic residues, could
lower the environmental footprint of steelmaking. Yet the net benefit depends strongly on feedstock
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origin, process energy, and operational substitution rates. This study presents an ecological assess-
ment of hydrochar use in EAF operation based on a life cycle assessment (LCA) framework.
The goal is to quantify potential environmental impacts and identify key drivers and trade-offs when
hydrochar substitutes conventional fossil carbon in EAF practice. The LCA follows ISO 14040/14044
principles, applying a functional unit of “1 tonne of liquid steel produced in an EAF”and comparing
a baseline fossil-carbon scenario with multiple hydrochar integration scenarios. Impact categories
include climate change, particulate matter formation, acidification, eutrophication, resource use, and
water-related indicators.
Results indicate that hydrochar can meaningfully reduce fossil carbon demand and associated green-
house gas emissions, particularly when produced from residue streams with low upstream burdens
and when HTC/drying energy is supplied by low-carbon sources or recovered heat. However, ben-
efits may be offset by higher processing energy, increased ash handling, and potential trade-offs in
acidification/eutrophication depending on feedstock cultivation and nutrient emissions. Hotspots
typically include energy for dewatering/drying and the electricity mix, making decarbonized en-
ergy supply and process integration critical. The study provides guidance on environmentally robust
hydrochar supply chains and operational conditions under which hydrochar contributes to lower-
impact EAF steelmaking.
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Secured EAF performance through process discipline—including
constraints of raw material and experience
Author: Hannes Beile1
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Electric Arc Furnace (EAF) steelmaking plays a central role in the transition toward low-carbon and
resource-efficient steel production. Increasing energy costs, environmental regulations and needed
raw material flexibility demand continuous improvements in energy efficiency and process perfor-
mance. The operating personnel in steelmaking plants getting younger, more than 10 years in the
same profession has become rare. Building and maintaining deep-experienced staff as well as a high-
est level of safety is difficult.
This paper outlines key strategies for reducing electrical energy and material consumption in EAF
operations through advanced process control, supportive smart-tools, and real-time data utilization.
The integration of smart add-ones around the EAF combined with dynamic furnace control systems,
including electrode regulation, foaming-slag control, and optimized oxygen and carbon injection,
enables more stable process conditions, increased safety and lower downtimes. Raw material flexi-
bility in EAF steelmaking is becoming increasingly important as the availability of high-quality scrap
declines and competition for scrap intensifies which makes the entire situation even more difficult.
The need to work with ore-based iron units is driven by quality requirements and the demand for
cleaner steel. As a result, advanced process control and adaptive operating strategies are essential
to maintain productivity, energy efficiency, and final steel quality under more variable raw material
conditions.
Well-proven and reliable solutions for EAF process optimization from scrap yard until tapping are
presented in this paper.
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EAF monitoring Solution By HERAEUS Electro-Nite
Author: philippe balland1

1 Heraeus Electro Nite France

Corresponding Author: philippe.balland@heraeus.com

Dear Scientific committee,

As the global market leader in monitoring and measurement solutions for steelmaking processes,
Heraeus Electro-Nite is dedicated to advancing the industry through innovation. Our commitment
to research and development enables us to deliver disruptive technologies that enhance efficiency,
quality, and sustainability in steel production.

In recent years, we have proactively developed and implemented two emerging systems and inte-
grated field equipment solutions for the Electric Arc Furnace (EAF) environment at several leading
steelmakers worldwide: Chameleon/CoreTemp and Falcon. We would like to take this opportu-
nity to introduce these solutions, designed to significantly improve existing process control sys-
tems.

By adopting these technologies, EAF steelmakers can significantly enhance operational safety
through proactive automation, including fully automated, manless liquid metal temperature and ox-
idation (aO) measurements. Combined, these systems deliver a more comprehensive and valuable
analysis of key parameters such as effective energy efficiency, energy transfer potential, bath homo-
geneity, and oxidation levels.

Recent installations have demonstrated strong interest from users, as these solutions deliver real-
time bath status information. This capability has been directly linked to optimized tap-to-tap times,
reduced energy consumption, improved power-on efficiency, greater process stability, and a po-
tential reduction in CO₂ emissions—all while delivering a measurable improvement in operator
safety.

Chameleon/CoreTemp are both designed to remotely measure liquid steel temperature during melt-
ing and refining phases. Its main feature is the ability to monitor temperature evolution by im-
mersing a high-speed, specialized optical fiber into the melt through a horizontal or vertical cooling
panel.

Falcon is developed to remotely monitor free Oxygen (aO) in liquid steel. The system launches a ded-
icated sensor at high speed through the EAF side panel (carbon injector or specific injector). This
measurement is done remotely and can be taken during arcing at every liquid phase of operation. It
helps to monitor in the early phase of melting the effective oxidation level.
This ensures fully safe operation (no personnel at steel), improved timing efficiency (no special mea-
suring conditions required), and valuable data on aO behavior (early FeO monitoring and oxidation
levels).

Together, either Chameleon or CoreTemp with Falcon, these systems provide strong and valuable
comparative information on potential energy variations, energy transfer, and homogeneity issues
related to scrap, weight, and bath level fluctuations.
.

Sincerely yours

Philippe BALLAND
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A System and Best Practice to Reduce Electrode Pin Breaks
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During EAF steel making, an electrode joint break is a highly disruptive event with significant im-
plications to productivity and safety. It is well known, the quality of the electrode build practice is
paramount to the integrity of the joint and will greatly reduce the probability of a pin break.
A poorly assembled joint has a very high risk of triggering a pin break, because it places practically
all the mechanical stress on the pin. While it may seem simple to assemble a joint with a threaded
pin and socket, there are a number of variables to control and several areas where it can go wrong.
What is needed for the steel maker is a reliable method of achieving high quality electrode builds
very consistently day-to-day. In this paper, we describe a system for quantifying the quality of elec-
trode builds as well as best practices for the steel maker for achieving consistent electrode builds.
We will show the difference between a good and a poor build, with several real-life examples. We
will also illustrate how the implementation of a system and best practices reduces pin breaks and
improves the consistency of operations.
When properly assembled, an electrode joint will have the necessary integrity to withstand EAF
conditions and provide the best chance for optimal productivity and safety.
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Computer Vision-Based Copper Detection for Electric Arc Fur-
nace ScrapQuality Enhancement
Authors: Alice Petrucciani1; Marco Vannucci1; Arslan Siddique1; Marco Ometto2; Mauro Meneghin2; Costanzo
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The ongoing digital revolution across industrial sectors has positioned Deep Learning and Computer
Vision as pivotal technologies for transforming conventional operations, particularly in waste man-
agement and material recycling. This transformation holds significant implications for Electric Arc
Furnace steel production, where scrap metal serves as the principal feedstock. The efficiency and en-
vironmental performance of Electric Arc Furnace operations heavily depend on the characteristics
of incoming scrap materials. Accurate categorization and assessment of various scrap grades are
essential for enhancing furnace operations, reducing ecological footprint, and advancing Circular
Economy objectives.
A critical bottleneck exists in enhancing lower-quality scrap streams through the detection and re-
moval of contaminants, particularly copper, a process that currently depends on subjective manual
evaluation and operator expertise.
This research describes the creation and assessment of an automated Deep Learning system for cop-
per identification in ferrous scrap materials. The investigation forms part of the project entitled
“Purity Improvement of Scrap Metal” (PURESCRAP, Grant Agreement 101092168), which is funded
by the European Union through the Horizon Europe programme and is focused on maximizing the
utilization of inferior scrap categories through implementation of advanced technological solutions
for contaminant reduction.
A custom image dataset was assembled from photographs captured during on-site testing phases
at scrap processing facilities. All images underwent meticulous manual annotation to mark copper
presence and spatial coordinates, establishing the reference data required for training and validating
the detection models. The research involved implementing and comparing two cutting-edge object
detection frameworks to determine their effectiveness in this application.
The deployment of such automated detection systems addresses multiple operational challenges si-
multaneously. By replacing human visual inspection with machine learning algorithms, the ap-
proach offers consistent, rapid, and scalable contaminant identification. This technological advance-
ment supports the steel industry’s transition toward more sustainable practices by enabling bet-
ter utilization of secondary raw materials that would otherwise be considered unsuitable for high-
quality steel production. The outcomes contribute to both economic efficiency and environmental
responsibility in steel manufacturing, demonstrating how artificial intelligence can facilitate indus-
trial sustainability goals while maintaining production standards and reducing dependency on virgin
materials.
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Operating experienceswith SprayCooledEAF conversion at SDI Columbia City
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In 2016, SDI’s Structural and Rail Division (SRD) in Columbia City, Indiana initiated a strategic up-
grade to its electric arc furnace (EAF) operation. The facility transitioned from pressurized tubular
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water-cooled panels to a modern spray-cooled upper shell system. This enhancement aimed to ad-
dress safety concerns, improve thermal performance, and lower maintenance demands. Over time,
complementary technologies such as a spray-cooled roof, elbow, copper burner box, and the SYS-
TEMS Spray Safe Humidity Sensor were also introduced. This paper details the technical, economic,
and operational benefits realized from these innovations.
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TheBioReSteel project, funded by the European Union’s Research Fund for Coal and Steel (EU RFCS),
has successfully carried out a pilot-scale electric arc furnace (EAF) campaign at Swerim in Decem-
ber 2025, aiming to validate the use of biomass-derived carbon materials as partial substitutes for
fossil carbon in electric steelmaking. The campaign evaluated a range of hydrochar-based materials,
including pristine and pyrolyzed hydrochar in pellet form, fine fractions, and hydrochar-iron oxide
agglomerates, produced from low-grade wet biomass residues.

The pilot trials were designed to assess hydrochar performance under realistic EAF operating con-
ditions and across key process stages, including melting, feeding, and refining. The materials were
tested for multiple metallurgical functions relevant to EAF operation, such as carburization of the
steel melt, reduction reactions, and slag foaming behavior, and were benchmarked against conven-
tional fossil carbon materials. The experimental program generated a comprehensive dataset on
process stability, material behavior, and operational compatibility.

Hydrochar production and upgrading were developed within an integrated value-chain approach,
combining biomass valorization, quality optimization through controlled pyrolysis and phosphorus
reduction, and adaptation to existing EAF charging and injection practices. Particular emphasis was
placed on ensuring that the renewable carbon carriers could be applied without major modifications
to current industrial equipment or operating procedures.

The results from the pilot campaign demonstrate the technical feasibility of hydrochar as a renewable
carbon carrier in EAF steelmaking, showing stable process performance and promising functionality
across the investigated applications. The outcomes provide a robust basis for the ongoing and forth-
coming industrial-scale trials within the BioReSteel project and contribute to the development of
low-carbon and circular solutions for electric steel production. This work supports the broader tran-
sition of the European steel industry toward reduced fossil carbon dependency, improved resource
efficiency, and lower CO₂ emissions.
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Thermal and reaction analysis of iron ore agglomerates under hy-
drogen atmosphere
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Hydrogen ironmaking is considered a promising technology for achieving carbon neutrality in the
steelmaking industry. Hydrogen reduction is an endothermic reaction, whereas the conventional
CO reduction is exothermic. Therefore, the heat supply to the reaction site is an important issue.
Macroscopically, heat is transferred by the hot reducing gas flow, and thermal-fluid analysis is a
useful tool for designing the heat-supply process. On the other hand, the reduction reactions of
iron oxide take place inside the particles of iron ore agglomerates because the agglomerates are
usually porous. The accompanying heat transfer process also proceeds within a particle. Therefore,
the simultaneous thermal and reactive behavior of the iron ore agglomerate is quite important as
the fundamental information for the thermal design of the hydrogen ironmaking process. In this
study, a mathematical model for the thermal and reaction analysis of hydrogen reduction of iron
ore agglomerates was developed, and the thermal characteristics were discussed compared to the
conventional CO reduction.
The mathematical model consists of the diffusion equation with a reaction term for the gaseous
species within the iron ore agglomerate particle, the local reaction rate equations for the iron oxides,
and the heat conduction equation. These equations were integrated using the gas concentration
and gas temperature adjacent to the particle surface as boundary conditions. Then, the transient
distributions of gas composition, solid composition and temperature can be obtained.
Under the CO reduction conditions, the iron oxide reduction proceeds by forming a reaction front,
in other words, the reaction occurs within a thin region. Additionally, each reduction step holds its
reaction front. Contrarily, the hydrogen reduction shows a broad reaction region, and multiple steps
of the reduction reactions take place simultaneously at the same location. The particle temperature
is affected by the reducing gas. Under the conditions allowing heat exchange between the particles
and the surrounding gas, CO reduction exhibits a behavior in which the particle temperature initially
rises due to the exothermic heat of reaction and then drops to the ambient temperature due to heat
release to the surrounding gas. In contrast, H2 reduction exhibits the particle temperature drops and
then recovers by receiving heat from the surroundings. A temperature difference also forms within
a particle.
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Biochar application for sustainable ironmakingusing electric smelt-
ing furnace
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In order to help reduce the emissions from the global steel industry, many operators are looking to
adopt the Electric Smelting Furnace (ESF), and utilising biocarbon as a substitute for fossil carbon to
produce pig iron. The ESF can be operated using renewable electricity, and has the capability to treat
low grade iron ore, making the ESF favoured in areas where low grade iron ore is abundant. In this
study, an ESF process was modelled using Aspen Plus to understand the effect of biochar with vary-
ing chemical compositions on the smelting processes and product yield. When biochar with higher
fixed carbon (86-92 wt%) was used in the ESF, hot metal production increased by 1.3-1.6 % compared
to the biochar with lower fixed carbon (50 wt%), with molten iron in the hot metal ranging between
97.2-97.4%. Total hot metal of 847.5 kg and 849.6 kg were projected to be obtained from smelting
1000 kg of direct reduced iron with about 92 kg of the biochar with fixed carbon contents of 86%
and 92%, respectively. More offgas (61.8 kg), mainly composed of CO, was generated from the lower
fixed carbon scenario, compared to 34.5-41 kg of the offgas from the higher fixed carbon scenarios.
Other components of biochar, such as oxygen and hydrogen, contributed to the higher offgas of
the lower fixed carbon scenario. Although decomposition of the low carbon biochar required less
energy, initiating the reactions in the furnace with dissolved carbon required higher energy. When
the modelling results using biochar were compared to the furnace operation using fossil carbon, the
fraction of molten iron in the hot metal remined unchanged, while offgas production decreased from
41 kg to 24.8 kg. The furnace was operated at 1600 ℃, which consumed about 728 kWh electricity
for producing 1 tonne of hot metal (HM). Emissions from the use of 2024 Australian grid electricity
with 45% coal, 17.2% natural gas, 1.7% oil, 36.1% renewables were estimated to be 417.9 kg CO2 eq/t
HM, which could be reduced to 11.8 kg CO2 eq/t HM by using wind electricity.
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Iron Ore Smelting System Using a Sustainable Coal-Based Direct
Reduction and CO₂ Sequestration
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This study presents an innovative system developed within the AdriatiCO2 Project for the direct
reduction of iron ore via a smelting process. The system substitutes conventional coking coal with
sustainable carbon sources and/or biochar—a renewable reducing agent produced from biomass py-
rolysis—and integrates efficient CO₂ capture to minimize the carbon footprint of steelmaking.
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In the designed high-temperature reactor, the reducing agents act as both a reductant and an energy
supplier. Its high reactivity and low impurities facilitate efficient iron oxide reduction while mini-
mizing the slag formation. The resulting CO₂ emissions are captured using post-combustion seques-
tration techniques, such as amine scrubbing or mineral carbonation, to ensure near-zero emissions.
Preliminary assessments indicate this approach could reduce CO₂ emissions by up to 80% compared
to traditional blast furnace methods. Furthermore, the use of biochar derived from agricultural or
forestry waste supports circular economy principles by valorizing biomass residues. The AdriatiCO2
Project will optimize reactor design, biochar properties, and CO₂ sequestration efficiency to enable
industrial scalability. This system represents a viable transitional pathway toward greener steel pro-
duction, aligning with global decarbonization goals while maintaining cost-effectiveness and mate-
rial performance.
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A Hybrid Physical–Machine Learning Framework for Real-Time
Bath Oxygen and Carbon Soft Sensing in DRI-Based Electric Arc
Furnaces
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Reliable real-time knowledge of bath oxygen and carbon is a long-standing challenge in DRI-based
Electric Arc Furnace (EAF) operation, directly impacting energy efficiency, decarburization control,
and endpoint stability. This paper presents a novel hybrid physics-guided machine learning frame-
work for continuous bath oxygen and carbon prediction, explicitly coupling metallurgical first prin-
ciples with high-frequency operational data. The physical layer embeds oxygen and carbon mass
balances, decarburization kinetics, carbon–oxygen equilibrium, and bath thermal evolution. A key
innovation is the integration of time-series stack emission data—including CO, CO₂, O₂ concentra-
tions and post-combustion rate—as dynamic indicators of in-furnace reaction intensity and oxygen
utilization. Multiple machine-learning algorithms (Gaussian Process Regression, Artificial Neural
Networks, and Long Short-Term Memory networks) were developed and benchmarked within the
hybrid architecture. The selected model achieved R² values exceeding 0.9 for both oxygen and car-
bon across varying operating regimes, outperforming standalone physical and purely data-driven
approaches. The proposed framework establishes a robust soft-sensing foundation for digital twin
deployment, advanced EAF process control, and real-time energy optimization in industrial DRI-EAF
steelmaking.
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Refractory recycling has emerged as a key strategy in reducing the environmental impact of the steel
and cement industries, where spent refractories often pose significant disposal challenges due to the
presence of hazardous components such as bauxite, copper, magnesite, and chrome-bearing materi-
als1,2. In line with its sustainability roadmap, RHI Magnesita is actively pursuing circular economy
solutions to lower the carbon footprint of refractory products. Recycling not only conserves critical
raw materials but also offers substantial CO₂ savings—up to 60% for mixed refractory linings and
nearly 90% for unshaped products—compared to primary raw materials3.
This study presents a practical example of integrating recycled material into production: the partial
substitution (50%) of standard raw material with High Zirconia Fused Cast (HZFC) material in the
SEN slag band formulation. The modified product, containing approximately 10% recycled content,
was trialed at the Bonnybridge plant. Material integrity and microtextural stability were preserved,
with physical specifications comparable to those of the standard product produced using virgin raw
materials. Subsequently, trials conducted using components produced with the recycled formulation
confirmed consistent performance under industrial operating conditions, validating the feasibility
of high-quality refractory recycling in practice.
This work underlines the strategic importance of recycling in refractories, not only from an environ-
mental perspective but also for securing long-term raw material supply.

References
1. L.Horckmans, P. Nielsen, P. Dierckx, A.Ducastel, Recycling of refractory bricks used in basic steel-
making: A review Resources, Conseravation & Recycling 140(2019) 297-304.
2. J.Madias, A review on recycling refractories for the Iron and Steel Industry, AISTech 2018 Pro-
ceedings.
3. M.Moraes, A.Leitner, G.Nogueira, B.Zocratto, S.Heid and J.Mühlhäußer, Technical Challenges for
Refractory Recycling and Innovative Processing Solutions, Bulleting 2023 pp33-38.
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Biochar utilization in DRI-based EAF steelmaking
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Utilizing biochar in electric arc furnace (EAF) steelmaking has become a crucial step towards reduc-
ing fossil CO2 emissions. The present research examines the interaction between V2O5 and TiO2-
containing EAF slag and pinebark-derived biochars, which were pyrolyzed at two different temper-
atures (600 ℃ and 800 ℃). Optical dilatometry (OD) and thermogravimetry (TG) studies, supported
by X-ray diffraction (XRD) and scanning electron microscopy with energy-dispersive spectroscopy
(SEM-EDS) characterization techniques, are utilized to elucidate the interaction. OD and TG were
conducted by heating the carbonaceous material slag module at a rate of at least 10 K/min to 1500
℃ in an inert atmosphere, followed by a 30-minute hold. This research focuses on understanding
the following aspects of the interaction between the slag and the biochar: (1) the effect of pyrolysis
temperature, (2) the effect of biochar structure, and (3) the impact of slag B2 basicity, FeO, V2O5,
and TiO2 on the interaction. The preliminary results indicate that (1) the interaction between slag
biochar and FeO is enhanced with an increase in slag FeO concentration and reduction in slag B2
basicity, and (2) vanadium is involved in solid solution formation with iron metallic droplets.

Speaker Country:

Sweden

Speaker Company/University:

Luleå University of Technology

Ongoing Research in Electric Steelmaking I / 147
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TheElectric Smelting Furnace (ESF) process represents a promising route for sustainable ironmaking
by enabling the production of hot metal and slag suitable for steel and cement industries. A criti-
cal requirement for steel plant integration is achieving hot metal with a minimum carbon content
of 3.0–3.5 wt% and controlled silicon levels (~0.4 wt%), while simultaneously producing marketable
slag with low iron oxide content (<2 wt%). However, the mechanisms governing carburisation and
melting in ESF remain insufficiently understood, particularly at relevant scales.
To address this, a series of pilot-scale melting trials were conducted at SINTEF, Norway between
April 2022 and January 2024. The initial trial demonstrated the feasibility of melting 415 kg HBI
with anthracite and fluxes, yielding hot metal with 2.4 wt% C and 0.1 wt% Si, but highlighted chal-
lenges in sampling and temperature control. Subsequent trials focused on increasing carbon input
and improving operational practices. The second trial achieved 3.5 wt% C but resulted in elevated
silicon (0.9 wt%) and slag contamination due to iron entrainment. The third trial introduced carbon-
bearing DRI pellets, achieving consistently high carbon levels (~4.1 wt%) and acceptable silicon (~0.5
wt%), suggesting that internal carbon in DRI significantly enhances carburisation efficiency com-
pared to external carbon sources. Nevertheless, slag iron oxide variability remained a concern, with
values ranging from 1 to 21 wt%.
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Complementary hydrogen-based reduction trials were performed to assess the suitability of TSN BF
pellets with higher gangue content for ESFmelting. In a rotary kilnmetallisation degree of 85.0%was
achieved under varying H₂ flow rates and durations, revealing limitations in reactor performance
and declining H₂ utilisation at higher metallisation degrees. The partially reduced pellets from these
trials were subsequently employed in a fourth melting trial in the SINTEF SAF furnace, which suc-
cessfully demonstrated melting and carburisation under ESF conditions.
These investigations provide critical insights into the carburisation mechanism, the role of feedstock
properties, and operational parameters influencing hot metal and slag quality in ESF. The findings
underscore the importance of carbon distribution within the charge, slag-metal interactions, and
reduction efficiency for scaling up ESF technology. Future work will focus on optimising slag chem-
istry and refining melting and carburisation strategies to meet industrial specifications.
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Scrap characteristics significantly influence the performance of the melting process in the Electric
Arc Furnace (EAF). Along with other charged materials, scrap accounts for significant production
costs. Hence, marginal process improvements can yield significant economic gains. However, the
inherent heterogeneity of charged materials and the lack of elemental composition data on scrap
properties currently act as primary constraints on scrap-mix optimization. To address this, theMul-
tiSensEAF project was initiated with model-based scrap characterization as a core objective, lever-
aging both existing operational data and modern off-the-shelf sensors.

This study develops a comprehensive scrap characterization model using a multi-modal data ap-
proach. The primary data sources include high-fidelity operational and scrap-mix records provided
by Georgsmarienhütte (GMH) GmbH. These datasets are integrated with Optical Emission Spec-
troscopy (OES) sensor data delivered by the LUXMET system installed at the GMH facility. To
process this high-dimensional dataset, rigorous data exploration and feature engineering were con-
ducted to identify the most influential scrap properties and their relationship to key operational pa-
rameters. Subsequently, various machine learning architectures, including multivariate regression,
artificial neural networks, and random forests, were implemented to realize a robust statistical char-
acterization model. A significant innovation in this research is the exploration of auto-adaptation
for model parameters. By utilizing historical process data in conjunction with OES-based sensor
data, the model can dynamically adjust its own parameters.

In conclusion, this study demonstrates the enhanced capabilities of integrated multi-sensor systems
in developing predictive models for scrap characterization. The findings provide furnace operators
with critical real-time insights into expected meltdown behavior, reducing uncertainty during the

Page 113



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

meltdown phase. Furthermore, the results indicate how estimated scrap properties can be utilized
for advanced process control and the continuous monitoring of scrap quality, marking a significant
step in the digitalization of EAF steelmaking.
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Minimum conversion cost of alloyed steel production in the electric arc furnace require optimum
mixing of the molten metal during melting and refining. Improved heat transfer accelerates the melt-
ing of larger scrap pieces for time and energy savings. Homogeneous distribution of alloy elements
and carbon in the melt decreases the unwanted oxidation of alloys, e.g. Chromium for better metal
yield and slag characteristics.
Inert gas stirring is an established method for improving process control, energy efficiency, metal
yield, melting time, and metallurgical performance in EAF steelmaking areas such as oxygen control
and dephosphorisation. To support these benefits and meet the increasing demands of larger EAFs
in integrated steel plants, the portfolio of purging plugs has been expanded to meet the higher flow
rates. The improvements in EAF process efficiency and metallurgy achieved with inert gas stirring
are presented in industrial case studies.
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Slag rheology is one of the important parameters in Electric Arc Furnace (EAF) steelmaking, as it
significantly impacts process stability, energy efficiency, and the degradation of refractory materi-
als, with its behavior strongly determined by the composition of the slag. The aim of this research is
to understand the influence of Al₂O₃ on the structure and properties of EAF slag, thereby facilitating
the transition towards hydrogen-based Direct Reduced Iron (DRI) and EAF steelmaking route. A slag
system comprising CaO–SiO₂–MgO–Al₂O₃–FetO , characterized by a basicity ratio (CaO/SiO₂) of 2
and containing 30 wt% FeO, was formulated based on literature survey and thermodynamic analyses,
in that way reflecting typical conditions of EAF steel slag. The content of Al₂O₃ was varied within
the range of 5 to 12.5 wt%, while the saturation level of MgO (~5.8 wt%) and the melting temperatures
were established through phase diagram analysis and equilibrium calculations. Synthetic slag sam-
ples were synthesized from reagent-grade oxides powder. The mixture was melted in a Tammann
furnace at temperature ranging from 1517-1600 ℃, which elevated by 100 ℃ above the calculated
melting point of each composition, followed by a holding period of 60 minutes to ensure uniformity
prior to quenching via water-granulation. The quenched slag samples underwent characterization
through X-ray Diffraction (XRD), Raman spectroscopy, Scanning Electron Microscopy with Energy
Dispersive Spectroscopy (SEM-EDS), and high temperature rheometer. The XRD analysis indicated
that all examined samples displayed semi-amorphous characteristics alongside crystalline phases of
MgO, α′-Ca₂SiO₄, and spinel. The Raman spectra evidenced prominent vibrational bands associated
with Fe-O band within the slag matrix, with less Si-O band due to high basicity ratio. The com-
bined XRD and Raman analyses provide a structural basis for correlating phase assemblage with
high-temperature rheological behavior, which will be evaluated in subsequent viscosity measure-
ments.
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More dynamic carbon injection: a novel approach for slag foam-
ing control in EAF steelmaking with continuous charge feeding

Author: Stefano Morsut1

Co-authors: Aldo Lepore 1; Amr Tarek Helmy 2

1 More Srl
2 Al Ezz Dekheila Steel Company (EZDK)

Corresponding Authors: smorsut@more-oxy.com, alepore@more-oxy.com, amtarek@ezzsteel.com.eg

Direct Reduced Iron (DRI) is increasingly utilised as an alternative metallic charge in electric arc fur-
nace (EAF) steelmaking for flat product manufacturing, due to stringent quality standards required
for these steel grades. It is also being adopted in long product production, where scrap availability
is often a bottleneck.
DRI quality fluctuations require continuous adjustments to the melting process. Currently, manual
control largely remains the norm for the EAF process in most continuously fed production units.
Contrary to common belief, flat bath operation is more difficult to automate than batch process.
It requires skilled personnel and prevents the possibility of applying a fully reproducible standard
melting profile. Here is where most of the state-of-the-art schedulers are failing.
DRI is fed at a high rate. The energy required for melting is largely determined by the quality of the
feedstock, particularly factors such as total iron, metallization, gangue, and carbon content. Physical
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properties of the iron ore pellets, such as grain size distribution and the proportion of fines, signifi-
cantly impact EAF performance beyond the reduction process itself.
Variations in these properties directly affect both energy consumption and furnace productivity.
Even small changes in energy requirements can significantly impact melting behaviour, potentially
causing unmolten material to accumulate and disrupting process management—occasionally result-
ing in unexpected reactions or equipment failures.
How to help operators to anticipate and contain those variances, adapting the process variables?
How to standardize operations reducing the standard deviation of the key process indicators?
This paper describes how MORE technology and process expertise can improve operations. A con-
troller works collaboratively with operators to optimise process efficiency, dynamically adjusting
chemical package set points to automatically regulate foaming slag arc coverage and maximise en-
ergy input efficiency.
A process supervisor agent detects drifts and adjusts variables automatically when possible, reduc-
ing the need for continuous manual intervention by the operator. The operator assistant agent offers
targeted suggestions, supporting the operator’s role in deciding the melting strategy.
The application to their EAF in a long-term cooperation with EZDK flat division will be described,
analysing the achieved results and improvements.

Speaker Country:
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Recent research, planned equipment upgrades and future work
at the pilot EAF at RWTH Aachen University
Author: Thomas Echterhof1
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Several European steelmakers currently plan to transform integrated steel mills based on the BF-BOF
route towards the DRI/HBI-EAF/ESF routes of steelmaking. This planned transformation goes hand
in hand with the need to optimise the new process routes in order to produce the same high-quality
products on these different and, for the steelworks concerned, new process routes.

The optimization of the EAF process in general is furthermore driven by increasing demands on
sustainability and efficiency of the melting process. Alternative fuels, input materials like DRI or
recycled materials as well as comprehensive process monitoring and control strategies are aiming to
minimize the ecological footprint and increasing the circularity of EAF steelmaking. On the other
hand, due to the extreme environment within the EAF, continuous measurement is quite difficult or
even impossible for many relevant process parameters.

The application of pilot-scale testing can provide valuable inside through amore controlled or simply
cheaper investigation of new equipment concepts, input materials or operating strategies. The 250
kg pilot-scale EAF at RWTH Aachen University was previously for example applied to investigate
the use of biomass and agglomerated steelmaking residues in EAF steelmaking. Recently, the furnace
was employed to test the substitution of natural gas by hydrogen in downscaled EAF burners with
a main focus on hydrogen pickup of the steel melt.
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To address the needs of future research work regarding the sustainable production of iron and steel,
the furnace in the near future will be upgraded to improve general availability but also to add new
equipment for continuous feeding of materials into the furnace during operation and improved sam-
ple taking. Furthermore, the furnace infrastructure like water cooling circuits and off gas treatment
will be updated and improved as well as equiped with additional measurement points.

The uprades of the pilot EAF will open new possibilities for future research at RWTH Aachen Uni-
versity. It will be possible to investigate not only the scrap-based EAF steelmaking like before but
also DRI/HBI-based steelmaking with continuous feeding of material. Furthermore, the furnace then
can also be operated in a smelter/OSBF mode and will be equiped to handle reducing atmosphere
and the related off gases which might also occur during carburisation trials when melting hydrogen
reduced DRI/HBI either in EAF or OSBF mode.

Speaker Country:

Germany

Speaker Company/University:

RWTH Aachen University
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Techno-Economic Assessment of H₂-DRI and NG-DRI-CCS Pro-
cesses for Low-Emission Iron Production
Author: Sara Guazzi1

Co-authors: Paolo Colbertaldo 2; Marco Ficili 2; Stefano Campanari 2; Roberto Scaccabarozzi 3; Maurizio Spinelli
3; Matteo Carmelo Romano 2

1 Department of Energy, Politecnico di Milano, via Lambruschini 4A, 20156 Milan, Italy
2 Politecnico di Milano
3 Laboratorio Energia & Ambiente Piacenza

Corresponding Author: sara.guazzi@polimi.it

Thedecarbonization of the iron and steel industry, responsible for approximately 7% of global energy-
related CO2 emissions, represents a critical challenge due to its high energy demand and the intrinsic
characteristics of the processes, making it strongly dependent on fossil fuels. Hydrogen-based di-
rect reduced iron (H2-DRI) has gained increasing attention and is currently considered one of the
most promising options for zero-emission iron production. Natural gas-based DRI plants equipped
with carbon capture and storage (NG-DRI-CCS) also represent a competitive option, especially in
areas with nascent CO2 infrastructure or limited access to renewable energy sources. The parallel
development of CCS clusters and the continuous decline in renewable energy costs suggest that both
pathways could play a complementary role in ironmaking decarbonization. This work provides a
techno-economic assessment of low-emission DRI configurations based on CCS, electrification, and
hydrogen.

The analysis is based on Aspen Plus® process simulations for a plant capacity of 2 MtDRI/y to derive
mass, energy, and CO2 balances. The reference case is the Energiron Zero Reformer (ZR) process.
In addition to the conventional configuration employing a combustion-based process gas heater,
electrification of the gas heater is considered. Three CO2 capture options: (i) selective capture of
the CO2 stream from the reducing gas recycle, (ii) full capture, which also includes post-combustion
capture from the gas heater flue gas, and (iii) pre-combustion capture via water-gas shift reactor and
CO2 removal. Two hydrogen-based cases are considered, which rely either on high-temperature
electrolysis (HTE), with a Solid Oxide Electrolysis Cell (SOEC) system thermally integrated within
the plant, or low-temperature electrolysis (LTE).
Techno-economic assumptions include a 25-year lifetime, an 8% discount rate, and cost assumptions
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consistent with the recent literature. A sensitivity analysis explores how variations in energy costs
may impact the optimal configuration.

Results indicate a cost of CO2 avoidance of 70-150 €/tCO2 for CCS configurations, largely dependent
on the cost of natural gas and of CO2 transport and storage. The cost of CO2 avoidance for H2-DRI
ranges from 270 to 560 €/tCO2 in the HTE case and from 470 to 890 €/tCO2 in the LTE case, for
electricity prices between 60 and 100 €/MWh. An analysis of the economically optimal configuration
as a function of energy prices shows that NG-based solutions equipped with CCS remain preferable
across a wide range of conditions, while hydrogen-based options become competitive only when the
electricity-to-natural-gas price ratio falls below approximately 0.75, or for premiummarkets.

Speaker Country:

Italy

Speaker Company/University:

Politecnico d Milano
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EAF - Trials with Scrap and solid iron in a 6 tonnes pilot fur-
nace
Authors: Andrew W.A. SmithNone; Bapin Rout1; Dimitra PapamantellouNone; Saikat ChatterjeeNone; Tony Parkin-
sonNone

1 Tata Steel IJmuiden

Corresponding Authors: b.rout@tatasteeleurope.com, dimitra.papamantellou@tatasteeleurope.com

Tata Steel Netherlands (TSN), aims to reduce the CO2 emission by 40% and enhance circularity by
increasing the scrap usage to 30% by 2030. These targets will be achieved by replacement of one
blast furnace with an Electric Arc Furnace (EAF) which utilise Direct reduced iron (DRI) and scrap as
charge material.Increasing scrap usage in EAF steelmaking is essential for enhancing circularity and
reducing CO₂ emissions. However, recycling scrap introduces tramp and residual elements (TREs)
such as Cr, Cu, Mo, Ni, Mn, P, S, andN,which pose challenges formaintaining steel quality. Therefore
the type and proportion of input charge materials are crucial in controlling the TREs in the future
EAF operation.

This study investigates the distribution of TREs among steel, slag, and fume dust during Electric
Arc Furnace (EAF) processing, based on trials conducted in a 6-tonne pilot EAF at the Materials
Processing Institute. It also compares the effect of using solid pig iron sourced fromBlast furnace (BF)
and Hisarna process as part of the charge material on refining performance and foaming behaviour
in the EAF.

Two melts were performed with solid iron (either sourced from BF or Hisarna process) and clean
scrap to assess refining with different starting carbon levels, tramp element dilution, and slag be-
havior. Results highlight the influence of initial melt chemistry and operating conditions—such as
carbon content, oxygen blowing, and slag basicity—on refining reactions (de-C, de-P, de-S, de-N) and
slag evolution. High carbon levels in the melt promoted nitrogen removal via CO bubble formation,
while low silicon and manganese were critical for effective decarburization. Further the behaviour
of nitrogen refining and its relation with decarburisation and surface active elements like sulphur
concentration has been analysed through a simplified kinetic model.

Phosphorus removal was observed to be limited by low slag basicity and FeO content. The lower
C content and the higher oxygen levels, in the steel, were observed to contribute to the removal
of S. Tramp elements largely remained in the steel, besides Cr that partially oxidized to the slag
phase. Slag composition varied significantly with oxygen blowing, affecting FeO and P₂O₅ levels
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and foaming behavior. These findings provide insights into optimizing future EAF operations for
improved control of TREs and refining efficiency.

Speaker Country:

Netherlands

Speaker Company/University:

Tata Steel Europe
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Mitigation of Copper Redeposition in Acid Pickling of EAF Flat
Steels through Bath Chemistry Control
Authors: Nurten Başak Dülger1; Esra IşıkNone

1 PhD

Corresponding Authors: nbdurger@borcelik.com, esisik@borcelik.com

One of the major challenges in scrap-based steel production is the retention of residual elements
within the steel matrix, among which copper (Cu) is particularly critical. The inability to remove
copper during steelmaking not only degrades mechanical and surface properties, but also causes
significant operational problems in downstream processing stages.
Following hot rolling, oxide scale formed on the steel surface is removed by (HCl) acid pickling. Dur-
ing the pickling of flat steel coils produced via the electric arc furnace (EAF) route, copper present in
the steel may dissolve into the acid solution. As copper accumulates in the pickling bath, it can subse-
quently redeposit onto the steel surface, leading to copper-plated surface layers. This phenomenon
adversely affects surface quality and represents a serious concern for subsequent processes such as
coating and forming.
In this study, the influence of Cu, Fe²⁺, Fe³⁺ ion concentrations and inhibitor content in the acid
pickling bath on copper deposition behavior was systematically investigated. Pickling baths with
varying concentrations of Cu, Fe²⁺, Fe³⁺ and inhibitor were prepared. C67 grade high-carbon steel
was selected as the substrate material in order to clearly observe copper deposition tendencies.
During the experiments, Cu and total Fe were quantified by ICP analysis, while Fe²⁺ concentrations
were determined by chemical titration and Fe³⁺ levels were calculated by difference. The redox po-
tential of the acid bath was measured by the open circuit potential (OCP) method using a platinum
working electrode and an Ag/AgCl reference electrode with a Gamry electrochemical measurement
system. In addition, the effect of copper deposition on surface characteristics was evaluated through
contact angle measurements to assess changes in wettability.
The results showed that copper deposition on steel surfaces is strongly governed by the redox state of
the pickling bath, particularly the Fe³⁺/Fe²⁺ ratio and overall redox potential. Higher Cu ion concen-
trations and more oxidizing bath conditions promoted copper redeposition, whereas appropriate in-
hibitor additions significantly suppressed this behavior. Copper-plated surfaces exhibited noticeable
changes in wettability, indicating potential negative impacts on downstream coating and forming
operations. These findings emphasize the importance of effective pickling bath chemistry control to
mitigate copper-related surface defects in scrap-based flat steel production.

Speaker Country:

Turkey
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Ongoing Research in Electric Steelmaking I / 156

Sustainable steelmaking route for mitigation of CO2 emissions:
Transition from blast furnace (BF) to electric smelting furnace
(ESF)
Author: JOOHYUN PARK1

1 Hanyang University

Corresponding Author: basicity@hanyang.ac.kr

It has been known that approx. 7% emissions of CO2 arises from the steel industry sector. Hence,
many steel companies are trying to develop the electric arc furnace (EAF) and/or electric smelting
furnace (ESF) steelmaking processes instead of blast furnace (BF) and basic oxygen furnace (BOF)
integrated routes by employing high amounts of hydrogen gas direct-reduced iron (H2-DRI) to mit-
igate CO2 emissions. The high-grade iron ores (Fe>68%) are economically used in EAF, whereas
low-grade iron ores (Fe<65%) are targeted to be used in ESF. The integrated steel mills have focused
on the ESF process by keeping conventional BOF to produce high-end quality products. The H2-
DRI will be charged in ESF in conjunction with fluxes and carbon sources, producing hot metal.
Using solid carbon alone as a reductant, FeO reduction proceeded through three distinct stages:
incubation, steady state, and degradation, forming a characteristic sigmoidal curve. The carbon re-
quirement for complete FeO reduction and at least 3wt% carbon in hot metal (HM) was calculated
as 66 kg-carbon/ton-HM. Introducing a hot heel with dissolved carbon accelerated FeO reduction,
lowering the FeO concentration to approximately 3wt% in the slag and producing hot metal with
2.8wt% C. Also, it was confirmed that Si transfer from slag to molten iron under ESF conditions oc-
curs through the SiO2 reduction reaction, which produces SiO gas at the slag/metal interface, and
the Si pick-up reaction, in which the SiO gas reacts with carbon in the molten iron. We performed
a kinetic analysis to evaluate how temperature, slag basicity, and sulfur content in hot metal influ-
ence the SiO2 reduction and Si pick-up rates at the slag/metal interface. The current study provides
fundamental data for optimizing slag design to achieve rapid FeO reduction, carburization as well
as silicon control in ESF.
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Quantification andMitigation of Direct CO2 Emissions EAF Steel-
making
Authors: Aaron Strelbisky1; Majid Zamani1; Michael Strelbisky1

1 Tallman Technologies Inc.

Corresponding Author: astrelbisky@tallmantechnologies.ca

Electric Arc Furnace (EAF) steelmaking generates CO₂ emissions from both direct process-related
sources and indirect electricity consumption. While indirect emissions associated with grid electric-
ity dominate overall emissions, direct process emissions—primarily from carbon additions used for
slag foaming and refining—remain a significant and addressable source.

This paper will quantify direct CO₂ emissions from EAF steelmaking in Europe and evaluate practical
strategies to reduce or eliminate these emissions through improved process control and alternative
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operating practices. The potential impact of these strategies includes substantial reductions in car-
bon consumption and associated CO₂ emissions, representing significant economic value for the
European steel industry through reduced material usage and carbon compliance costs.

Speaker Country:

Canada
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Kinetic Study and Mechanism of SiO2 Reduction and Si Pick-up
Reactions under Electric Smelting Furnace Conditions
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The hydrogen reduction iron- and steelmaking route is attracting global attention as an eco-friendly
process for reducing carbon dioxide (CO2) emissions. It produces hot metal by melting hydrogen-
based direct-reduced iron (H2-DRI) in an electric smelting furnace (ESF). In conventional blast fur-
nace (BF) processes, the Si content of the hot metal is used as an indicator of hot metal quality and
BF operating conditions and can be used to predict the impact on subsequent converter steelmak-
ing processes. Similarly, Si content in hot metal is believed to be an important parameter in ESF
operation. Therefore, in the present study, we confirmed that Si transfer from slag to molten iron
under ESF conditions occurs through the SiO2 reduction reaction, which produces SiO gas at the
slag/metal interface, and the Si pick-up reaction, in which the SiO gas reacts with carbon in the
molten iron. We also conducted a kinetic analysis to evaluate how temperature, initial slag basicity,
and sulfur content in hot metal influence the SiO2 reduction and Si pick-up rates at the slag/metal
interface. The SiO2 reduction reaction exhibited a maximum reduction rate within an appropriate
temperature range, and the reduction rate increased with decreasing slag basicity. The rate of the
SiO2 reduction reaction is affected by the stability of the gas layer at the slag/metal interface, and an
unstable gas layer accelerates the SiO2 reduction rate. The Si pick-up reaction rate increased with
increasing temperature or decreasing slag basicity, and the activation energy for this reaction was
238.3 kJ/mol. Increasing the [S] content in hot metal, the SiO2 reduction rate and Si pick-up rate
decreased and then increased again due to surface coverage effect and activity of CaS in the slag.
The present study provides a systematic understanding of the reactions occurring at the slag/metal
interface during the electric smelting furnace process.

Speaker Country:
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Effect of Bottom-Blowing on Nitrogen Removal Kinetics in Elec-
tric Arc Furnace (EAF) Conditions
Author: GeunWoo Byun1

Co-author: JOO HYUN PARK 1
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Corresponding Authors: basicity@hanyang.ac.kr, rmsdn6436@hanyang.ac.kr

Nitrogen is one of the most influential interstitial elements in steel, as it substantially alters me-
chanical properties through solid-solution strengthening. While elevated nitrogen levels enhance
tensile and yield strengths, it simultaneously reduces elongation and promotes strain aging, thereby
degrading formability. However, in the Electric Arc Furnace (EAF) process, nitrogen from the at-
mosphere dissolves into the molten steel during melting. Due to these challenges, nitrogen con-
trol is typically performed during secondary refining processes such as Vacuum Degassing (VD)
and Ruhrstahl-Heraeus (RH) degasser. Consequently, reliance on these secondary refining steps
increases process time and cost, thereby highlighting the need for methods capable of achieving
nitrogen control directly within the EAF. In this context, recent studies have focused on utilizing
bottom-blowing technology in the EAF process to improve nitrogen removal from molten steel. Fur-
thermore, with the increasing adoption of hydrogen-reduced DRI (H2-DRI) in the EAF process as
part of the transition to environmentally friendly steelmaking, new challenges in nitrogen removal
are emerging. H2-DRI has an extremely low carbon content, leading to insufficient CO gas gener-
ation during melting. In traditional EAF processes, CO gas, generated from the reaction between
FeO and carbon, plays a crucial role in promoting nitrogen removal. However, as the usage of H2-
DRI increases, the lack of a carbon source reduces CO gas formation, thus diminishing the nitrogen
removal efficiency. Therefore, the present study aims to investigate the efficiency of nitrogen re-
moval through bottom-blowing in EAF operating conditions. In particular, the effects of injecting
Ar/CO2/CO gas mixtures and varying carbon content in molten steel on nitrogen removal kinetics
were examined.

Speaker Country:
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Development of Sustainable Silica-Alumina Insulating Refracto-
ries for Coke Oven Applications
Authors: Alberto Cardellini1; Elisabetta Arato2; Fabrizio Strobino1; Maia Clericuzio2
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The iron and steel industry is widely recognized as a hard-to-abate sector due to its high energy
demand and reliance on high-temperature processes. While significant attention is often devoted to
primary steelmaking routes, secondary systems such as coke ovens also play a crucial role in overall
energy efficiency and environmental performance. In this context, the optimization of refractory
materials represents a key opportunity to reduce heat losses, improve process efficiency, and en-
hance sustainability.
This research project focuses on the development of sustainable insulating refractories specifically
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designed for coke oven applications. In collaboration with Paul Wurth Italia S.p.A. (SMS group),
silica–alumina insulating bricks are produced using locally available raw materials and biomass-
derived additives, including sawdust, rice husk, fly ash, and biochar. These secondary materials act
as pore-forming agents while simultaneously serving as alternative sources of silica and alumina,
promoting lightweight structures and supporting material circularity through the valorization of in-
dustrial and agricultural by-products.
The objective is to develop insulating refractory bricks with properties comparable to those of con-
ventional commercial products, while reducing reliance on primary raw materials. Different formu-
lations are investigated, with particular emphasis on the SiO2/Al2O3 ratio, leading to the develop-
ment of various classes of insulating bricks tailored to specific thermal andmechanical requirements.
Target performance includes thermal conductivity values in the range of 0.2-0.3 W/m·K at 800 ℃,
cold crushing strength around 1.5 MPa, and bulk density between 0.45 and 0.8 g/cm3. These pa-
rameters are selected to ensure adequate insulation efficiency, structural stability, and resistance to
thermal stresses under coke oven operating conditions.
By integrating alternative raw materials into refractory design, this work highlights the potential
of sustainable material solutions to improve energy efficiency and resource utilization in coke oven
operations. Future developments will include a comprehensive environmental assessment to further
quantify the potential benefits of the proposedmaterials within the steelmaking value chain.

Speaker Country:
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Measuring Technologies for DRI-fed Electric Arc Furnaces
Authors: Jean-Francois Stumper1; Marvin Schmidt2

Co-authors: Filipe Rodrigues 2; Marc Flammang 2

1 TMT Tapping Measuring Technology
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Corresponding Authors: jeanfrancois.stumper@tmt.com, marc.flammang@tmt.com, filipe.rodrigues@tmt.com,
marvin.schmidt@tmt.com

We present a design and the results of several trials of a Radar level probe. This probe measures the
slag level during the EAF operation. The measured level can be compared to the model result of the
slag foaming indication. The trend of the slag level indicates the end-of-batch by exactly identifying
the rapid increase of the slag level. By accurately measuring the foaming level, batch to batch time
and power consumption during melting can be reduced.

We also present a metallization degree sensor that can monitor the quality of the DRI or HBI which
are fed into the EAF. The metallization degree is known to fluctuate, and a reduced value has an
impact on the slag quality and on the amount of carbon required. The sensor can be used to check
material periodically, or, on-line in a continuous feed. Tests show that the quantities of iron and car-
bide are both assessed with an accuracy better than 1%wt, and that both DRI pellets or HBI briquettes
can be measured. Various factors such as the voidage, pellet or briquette shape, or slag composition
only have a marginal impact on the sensor’s accuracy.
The values of both sensors also help to operate a Hot Heel level model. The slag foaming behavior
leads to knowledge about the slag amount. The exact slag level is known before and after steel
tapping.

Speaker Country:
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Ladle metallurgy and slag control / 162

Assessment of dephosphoration and desulphurizing capacity of
the slag as a function of the firing conditions of the lime
Authors: Carlo Mapelli1; Davide Mombelli2
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Optimizing the removal of impurities like phosphorus and sulphur is crucial for producing high-
quality steel and enhancing process efficiency. This study systematically assesses how the firing
conditions of lime —a primary slag-forming agent—directly influence the dephosphorization and
desulphurization capacity of metallurgical slags. A series of controlled laboratory-scale equilibrium
experiments were performed to determine the partition ratios of sulphur between hot metal and
slag, and of phosphorus between steel and slag. The experimental design utilized slags of identical
target chemical composition, but varied the lime component based on its calcination history. Limes
produced under different firing temperatures and residence times were characterized for key prop-
erties such as reactivity, specific surface area, and crystalline structure.
The results demonstrate a clear and quantifiable dependency of the slag’s refining performance on
the provenance of the lime. Variations in lime reactivity significantly altered the kinetics and ther-
modynamic equilibrium of the impurity-removal reactions. Specifically, lime with higher reactivity
and tailored microstructure, achieved through optimized firing, promoted more efficient assimila-
tion into the slag, leading to improved sulphide and phosphate capacities. Consequently, the final
partition coefficients for both sulphur and phosphorus were markedly enhanced, confirming that
lime quality is a critical, yet often overlooked, process variable.
This investigation provides actionable insights for steel producers, emphasizing that precise control
over lime manufacturing parameters is not merely a quality concern for the refractory industry, but
a powerful lever for metallurgical control. By specifying lime characteristics, plants can achieve
deeper impurity removal, reduce flux consumption, and improve slag management, contributing to
both economic and environmental sustainability in steelmaking operations.

Speaker Country:

Italy

Speaker Company/University:

University

Recycling, circular economyand reduction of environmental impact in steelmaking II / 163

Page 124



EEC 2026 - 14th European Electric Steelmaking Conference & EMECR… / Book of Abstracts

Assessment of the natural absorption of CO2 performed by elec-
tric steelmaking slag
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This study aims to evaluate the natural CO2 absorption potential of steelmaking slag, focusing on
both black (EAF) and white (LF) slag generated during steel production. Such slags contain signif-
icant amounts of calcium and magnesium compounds capable of reacting with atmospheric CO2
through carbonation, forming stable carbonates and thereby enabling permanent carbon sequestra-
tion. Representative samples of black and white slag were monitored to assess their physicochemical
properties, mineral composition, and carbonation behaviour under natural environmental condi-
tions over time. The investigation seeks to characterize and quantify the tendency and rate of CO2
uptake for each slag type, highlighting differences in carbonation efficiency. Preliminary findings
contribute to understanding the role of steel slag as potential carbon sinks within the steel industry,
supporting sustainability goals. Furthermore, the study discusses factors influencing carbonation,
such as particle size, exposure time, and ambient conditions, providing insights into optimizing slag
management to enhance CO2 sequestration. This research represents a step forward in incorporat-
ing natural carbonation processes of steelmaking by-products into carbon accounting frameworks
and promoting their beneficial reuse in climate change mitigation strategies.
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Driving Innovation in Steel Production: Huisman’s entry into the
Process Crane Market
Author: Arthur de Mul1

1 Huisman Equipment B.V.

Corresponding Author: ademul@huisman-nl.com

For over 90 years, Huisman has been active in heavy offshore lifting, engineering cranes with capac-
ities up to 10,000 tons.
Today, we are adding a new chapter—one that aligns with the steel industry’s bold transforma-
tion toward low-emission steel production. As electric arc furnaces and hydrogen-based DRI tech-
nologies reshape steelmaking, we asked ourselves: how can lifting technology contribute to this
change?

Our answer: We used our experience in lightweight crane design to develop a new serie of process
cranes ranging from 130 ton slab handling cranes up to 700 ton teeming and charging cranes for the
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steel plants of the (near) future.
The new crane designs achieve an average weight reduction of 20–30%, enabling lighter factory
structures and foundations, which can result in reduced costs and a smaller CO₂ footprint.

With the first two cranes already sold to a European steel plant in 2025, it showcases that progress is
possible. We are proud to contribute with these technologies to sustainable steelmaking and shape
the future of industrial lifting.
Join us as we redefine crane technology for the next generation of steel plants.
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Assessment of Biochar Production and Integration into HIsarna
Ironmaking
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HIsarna ironmaking is a breakthrough smelting-reduction technology with the potential to reduce
CO₂ emissions by about 50% when operated with coal. However, further decarbonisation of the pro-
cess requires replacing fossil carbon with sustainable alternatives. In this context, biochar derived
from woody biomass emerges as a promising renewable carbon carrier, provided it can be produced
economically within the plant boundary. This study evaluates biochar integration to the HIsarna pro-
cess operations from the perspective of raw material consumption, unit wise energy requirements,
and by-product utilisation using a flowsheet modelling approach. In the present study, biochar is
produced by slow pyrolysis of pinewood biomass with moisture contents of 33% and 10%, resulting
in yields of approximately 35% biochar, 50% bio-oil, and 15% biogas. The analysis explicitly accounts
for energy demand associated with drying, pyrolysis, and grinding, and for the utilisation of bio-
oil and biogas either through internal combustion or through a combined strategy of bio-oil selling
and biogas burning. Four cases are analysed by combining two biomass feedstocks (raw pinewood
biomass and torrefied biomass) with two heating options for the pyrolysis unit (natural gas fired
heating and electric heating). The flowsheet modelling is designed to supply the biochar required
for a HIsarna plant producing 1 million tonnes of hot metal per year. Mass and energy balances are
established for the integrated system, followed by a techno-economic evaluation of the net biochar
supply cost to HIsarna process. The analysis is carried out assuming representative baseline values
for biomass price, electricity price, and carbon credits. Under these base-case conditions, Case1, the
bio-oil and biogas burning pathway delivers a net energy surplus of about 8 GJ/t to 13 GJ/t biochar
produced, with the resulting net biochar supply cost showing a strong dependence on biomass type
and heating option. In contrast, Case 2, the bio-oil selling with biogas burning pathway reduces the
net energy surplus to approximately 1 GJ/t to 5 GJ/t biochar produced but improves the net biochar
supply cost compared to Case 1. Sensitivity analysis indicates that increasing electricity prices pe-
nalise electrically heated configurations most and shifts the preference toward natural gas based
pyrolysis.
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The Study of Different Ca Cored Wires on Calcium Treatment
Process
Authors: Ilia Ushakov1; Kezhuan Gu2; Memduh Kagan Keler1
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Calcium (Ca) treatment is widely used in ladle metallurgy to modify alumina-based inclusions and
improve steel cleanliness. The effectiveness of this process largely depends on the type of Ca-cored
wires employed and the refining conditions, which influences dissolution behavior, calcium recovery
and ultimately inclusion modification. This study examines two commonly used wire types-pure Ca
and CaSi under various refining scenarios in the ladle metallurgy process. Their dissolution behavior
and interactions with steel and slag are compared using thermodynamic tools, while their impact
on inclusion modification is evaluated based on plant trial data.
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Predicting EAF melt performance by using online off-gas data

Author: Hans Georg ConradsNone
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Monitoring off gas of an EAF allows to predict the decarburization process and hence the melt per-
formance of the tap during the melting process. Using the off-gas data events such as scrap cave-ins,
overdrafting and varying scrap moisture can be visualized in real time and hence predictions can
be made about necessary changes in O2 lancing, electrode power as well as carbon injection. The
paper describes the off-gas measurement method and gives sample data of EAF processes where the
off-gas measurement is installed.
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High-Cleanliness Production of Crankshaft Steel through Opti-
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Based on the Ion–Molecule Coexistence Theory (IMCT) and the steel–slag equilibrium theory, this
study establishes a thermodynamic equilibrium calculation model for the high-cleanliness produc-
tion of crankshaft steel. Systematic calculations were performed to determine the rational distri-
bution range of SiO2 in the slag, as well as the recommended CaO/Al2O3 ratio. The variations in
inclusion composition and population before and after slag optimization were then comparatively
analyzed. The results indicate that, for the crankshaft steel investigated in this work, achieving a
high level of cleanliness requires the aluminum content in steel to be no less than 0.008 wt%. Corre-
spondingly, the SiO2 content in the slag should bemaintained below 10wt%, while—considering slag
stability during refining—it should not fall below 5 wt%. Increasing the CaO/Al2O3 ratio effectively
reduces the activity of SiO2, thereby mitigating its oxidizing effect on the molten steel. Furthermore,
to ensure favorable slag formation behavior and efficient inclusion absorption, the slag composition
should be adjusted as close as possible to the liquid phase region of the CaO–Al2O3–SiO2 ternary
phase diagram. Through the optimization of slag composition and the coordinated design of Al and
Si contents in steel, the cleanliness of crankshaft steel was significantly improved, with a pronounced
reduction in both the number and the overall size of large inclusions.
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The Effect of Ce Content on NbC precipitate in S30432 Austenitic
Heat-resistant Steel
Author: YUNTIAN ZHANG1
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In order to improve the distribution of large-sizedNbC aggregation in S30432 austenitic heat-resistant
steel, this study systematically investigates the mechanism of modified inclusions with different Ce
contents. First, the morphology, size, and distribution characteristics of NbC formed under solidi-
fication segregation were observed using SEM; further, the three-dimensional morphology of NbC
precipitate was examined using a non-aqueous electrolysis method. Subsequently, the experimental
analysis examined the heterogeneous nucleation of NbC by different oxide inclusions in the steel
within the Ce content range of 0-0.1%. In addition, the nucleation efficiency of four types of oxide
inclusions was verified through lattice mismatch calculations. Finally, the precipitation mechanism
of Ce-containing inclusions was calculated using the FactSage 8.3 thermodynamic software. The
results show that NbC, with sizes of several hundred micrometers, aggregates at the grain bound-
aries and cannot be eliminated by heat treatment; however, it can be uniformly dispersed through
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heterogeneous nucleation by oxide inclusions. Among them, MnCr2O4, AlCeO3, and Ce2O3 can all
act as the cores for heterogeneous nucleation; however, when the Ce content is below 0.05%, the
single-type inclusions in the steel are Ce2SiO5, which cannot nucleate, while composite inclusions
such as MnCr2O4 can nucleate but are too few in number to effectively disperse NbC. When the Ce
content exceeds 0.03%, the Ce-containing oxide inclusions transform into AlCeO3; as the Ce content
continues to increase to 0.05%, the type of oxide core is modified to Ce2O3. This type of inclusion
has a high nucleation efficiency and is evenly distributed in the steel, which can effectively disperse
NbC.
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Process Intensification of EAF-A New Perspective with Plasma
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Against the backdrop of the steel industry’s low-carbon transition, short-route production centered
on the electric arc furnace (EAF) is attracting increasing attention because it can couple with re-
newable electricity and reduce CO₂ emissions substantially. However, current EAF operations face
several challenges, when melting materials such as direct reduced iron (DRI), especially DRI from
hydrogen reduction process, which contain high levels of oxides. As the share of DRI in the metallic
charge continuously increase, higher demands are placed on heat utilization, energy distribution,
and operational stability in EAF processing. The presence of high oxides content in DRI leads to
low thermal conductivity of charging materials in EAF, heat transfer efficiency is often insufficient,
leading to high furnace lid temperatures and low melting efficiency. This is especially problematic
when higher proportions of DRI are used, as the heat transfer within the furnace becomes inad-
equate, resulting in uneven melting and affecting the temperature distribution and compositional
homogeneity of the melt. These constraints may ultimately deteriorate productivity, increase en-
ergy consumption, and compromise endpoint consistency. To address the requirements of efficient,
stable, and low-emission operation under high-DRI conditions, we propose a plasma-assisted EAF in-
tensification route. Building upon conventional arc heating, a controllable high-temperature plasma
jet/heat source is introduced to establish a coupled “arc–plasma–melt bath”intensification configu-
ration. Owing to the high energy density and directional controllability of plasma, the proposed
concept enables more concentrated and better-regulated heat input and promotes more effective
heat penetration into the melt. Furthermore, plasma-assisted heating can significantly enhance the
thermal conductivity of the charge, thereby facilitating faster heat transfer within the furnace and
accelerating the melting process. In addition, the momentum delivered by the plasma jet enhances
bath convection and interfacial renewal, thereby accelerating thermal equilibration and composi-
tional mixing and creating more favorable transport conditions for melting and refining-related pro-
cesses. By coordinating plasma operation with conventional process levers such as oxygen supply,
carbon input, and stirring, the proposed approach aims to improve the electrical efficiency, thermal
efficiency, as well as the process repeatability without requiring substantial changes to the main fur-
nace architecture. This integrated intensification strategy is expected to mitigate operational fluc-
tuations and reduce specific energy demand, thereby lowering indirect emissions associated with
electricity consumption and supporting further decarbonization of EAF-based short routes. Overall,
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plasma-assisted EAF processing offers a scalable solution to improve energy efficiency and emissions
in DRI–EAF operations, supporting EAF innovation and green manufacturing.
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Preliminary Results on the Melting of Individual Hydrogen Di-
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Steel industry is currently undergoing a significant transformation, driven by the need to reduce
greenhouse gas emissions and move towards more sustainable production methods. Hydrogen-
based direct reduction of iron (H-DRI) is a promising alternative to traditional carbon-based reduc-
tion methods. The integration of hydrogen-based reduction technologies with electric arc furnace
(EAF) operations appears particularly promising for CO2-lean steelmaking from high-quality ore.
Contemporary EAF processes already utiliseutilize recycled scrap and DRI as feedstocks, improving
material efficiency. While the melting behaviour of conventional carbon-containing DRI pellets has
been extensively, detailed information on the melting of H-DRI pellets remains limited.

This present work showcases preliminary results from melting individual H-DRI pellets (reduction
degrees 33%, 43%, 68%, and 80%) in a laboratory-scale electric arc furnace. The melting process and
arc behaviour are studied using in-situmonitoring tools, allowing the identification of characteristics
related to melting behaviour and furnace parameters that affect the melting of individual H-DRI
pellets.

This work provides a foundation for future experiments related to H-DRI pellets and laboratory-scale
EAF and identified critical parameters for the development of its operating practices.

Keywords: electric arc furnace, direct reduced iron, melting
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High-performance forged components (e.g., steam-turbine shafts) demand tight control ofmicrostruc-
ture and creep behaviour. In industrial development, however, parameter selection and qualification
frequently involve iterative loops (trial batches, rework and occasional scrap), which translate into
avoidable material and energy losses. AID4GREENEST project tackles this challenge by combin-
ing data-centric AI and physics-informed modelling to support earlier and more reliable decision-
making across the steel value chain. Although simulation-based tools such as FE thermal modelling
are currently well-established in forging companies, artificial intelligence has emerged as a natural
progression to optimize product design. In this way, the trial and error approach can be minimized
by selecting the most appropriate manufacturing parameters route to achieve the desired properties
in the final product.

To understand the environmental impact of these innovations, an analysis of a non-optimized pro-
cess is proposed as the basis of the study. The study includes a life cycle assessment (LCA) to assess
the environmental footprint of manufacturing steam shafts from recycled steel, highlighting how
existing residue streams at Reinosa Forgings & Castings are revalorized, contributing to the circu-
lar economy. The analysis initially follows a ‘cradle-to-gate’ approach, prioritizing processes such
as EAF melting, refining, and casting, proposing scenarios to measure the impact of by-product
revalorization. Primary data was collected directly from industrial operations, supplemented with
secondary data from Ecoinvent v3.11, and modelled using Umberto 11.15.2. The assessment of envi-
ronmental impacts was based on the production of one tonne of ingot as the functional unit. Initial
results indicate that RFC’s processes where residue streams are revalorized present a reduction on
environmental impact of as much as 15% in comparison with processes performed elsewhere where
these streams are disposed as waste.

As an added value for industrial decision-making, the LCA inventory is also screened from a Critical
RawMaterials (CRM) perspective, identifying and tagging input streams that fall under the EU CRM
framework. In the EAF route assessed, this includesmaterials associatedwith electrode consumption
(graphite), CaF₂-based additions (fluorspar), and selected alloying-related inputs (e.g., Ni-, Mn- and V-
bearing additions). This enables reporting, alongside conventional impact indicators, a simple “CRM
intensity”per tonne of ingot and the scenario-driven change in CRM exposure when circular residue
management and yield-related improvements are implemented. Finally, by utilizing the synergies of
AI-tools, LCA, and CRM screening, the present study provides quantified evidence to support both
environmental performance and reduced dependency on critical material supply chains.
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A Front-Fixing Approach for Scrap Dissolution Modeling in EAF
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Describing scrap dissolution has become a topic of renewed interest due to the increasing signifi-
cance of the electric arc furnace in global raw steel production, as well as the growing complexity
introduced by charging mixtures of scrap, DRI, HBI, and hot metal. We present a physically based,
computationally efficient dissolution model built on a front-fixing moving-boundary formulation.
The model accounts for coupled heat and mass transfer at the solid-liquid interface and is validated
against laboratory-scale experimental data. We discuss its potential application to EAF process anal-
ysis and optimization.
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