
Scientific papers - Steelmaking

La Metallurgia Italiana - March 2025	 pagina 27

The 4th WCCM will take place on August 25-28, 2026, at NH Milano Congress Centre, Milan, Italy. The primary objective of the World 
Congress on Condition Monitoring (WCCM) is to facilitate the global exchange of research and applications in Condition Monitoring 
(CM) and related areas, with a strong emphasis on scientific and technological advancements, industrial applications and international 
cooperation. The Congress serves as a worldwide platform for scientists and professionals from both academia and industry to share 
knowledge and insights. The event is organized in collaboration with condition monitoring and NDT societies worldwide.

Congress chairpersons:Previous WCCMs
• 2017: WCCM 2017 London, UK
• 2019: WCCM 2019 Singapore
• 2024: WCCM 2024 Beijing, China

Contact Information
For inquiries, contact:

• E-mail: conference@aimnet.it
• Phone: +39 02-76021132
• Website: www.aimnet.it/wccm2026

Social media
Follow us for updates:

THE 4th WORLD CONGRESS ON 

CONDITION MONITORING

25-28 AUGUST, 2026

NH MILANO CONGRESS CENTRE . MILAN . ITALY

Prof. Dr. Len Gelman
The University of Huddersfield, UK

Prof. Dr. Hamid Reza Karimi
Politecnico di Milano, Italy

The congress technical programme includes:
• Plenary keynote presentations
• Distinguished overview presentations
• Invited and contributed presentations, including case study   
 presentations
• Industrial sessions for major industrial sectors
• Workshops/tutorials on advanced topics in condition monitoring, led 
 by recognised scientists and engineers
•  Expert panel session on hot topics in condition monitoring and 
 related areas
•  Exhibition, vendor presentations and a plenary spotlight session 
 for exhibitors and sponsors

Key Dates
• Deadline for abstract submission: ................................January 30, 2026
• Notification of abstract acceptance: ......................... February 28, 2026
• Deadline for submission of full papers (Optional): ......April 30, 2026
• Notification of full paper acceptance ....................................May 31, 2026
• Deadline for registration and payment for early bird: ......June 10, 2026
• Standard Registration Deadline: ..............................................July 31, 2026

Venue
NH Milano Congress centre. Address: Strada 2, 7, Assago (MI) - Italy.
NH Milano Congress Centre is located in Assago, Milan business district 
just 15 minutes away from the city center and nearby the vibrant 
Navigli area.

Exhibition & Sponsorship
The detailed exhibiting and sponsorship packages will be available on 
the WCCM 2026 website in the following months. In the meantime, 
companies interested in taking part in the Exhibition or sponsoring the 
event may contact the organizing secretariat.

INTRODUCTION
Reducing greenhouse gas emissions is an urgent priority 
across industries, with the steel sector facing significant 
pressure due to its energy-intensive processes and 
aim to reduce emissions to zero or almost zero by the 
middle of the century. Many steelmakers already monitor 
emissions across their product life cycles through 
Product Carbon Footprints (PCFs), a method that tracks 
emissions from the initial stages of production up to the 
factory gate – also known as the “cradle to gate” approach. 
Environmental Product Declarations (EPDs) expand 
this scope by incorporating additional environmental 
impacts, establishing PCFs and EPDs as essential tools 
for tracking climate-friendly product performance.
Despite these advancements, a consistent framework to 
classify and evaluate “Green Steel” based on emissions 
remains underdeveloped. The International Energy 
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Agency (IEA) has established baseline thresholds for 
emissions, defining standards for Low Emission Steel and 
Near Zero Steel in both integrated- and electrical steel 

mills (Table 1). They create a basis for climate-friendly 
products to be explicitly favoured, for example in public 
tenders. [1,2].

Tab.1 - Emission thresholds for “Green Steel” product declaration [1,2].

Slag additives play a vital role in reaching these emission 
thresholds, as their own PCFs – due to calcination and 
premelting – significantly contribute to the overall PCF 
of steel. Consequently, steel producers are increasingly 
interested in circular refractory management and 
sustainable additives.

MIRECO’S EXPANSION AND CONTRIBUTION TO THE 
CIRCULAR ECONOMY 
MIRECO, a joint venture between RHI Magnesita and 
Horn & Co., provides crucial support to steelmakers 
adopting green steel practices according to the above-
mentioned demands. The joined forces of a circular 
refractory manufacturer with a strong R&D backbone and 

metallurgical expertise, and a refractory recycler with 
decades of experience in terms of sorting, processing, 
material and waste management offer an all-in-one tailored 
solution to meet the unique requirements of each steel 
plant.
MIRECO’s platform spans Europe and features multiple 
recycling sites in Germany, Sweden, Poland, Kosovo, 
and Austria, along with on-site solutions at steel plants in 
Duisburg, Bremen, Dillingen, and Dunkirk. Their recent 
expansion into the Italian market, aided by Reffratari Trezzi, 
brings further innovations in recycling and refractory 
management to local customers. In Figure 1, a map of all 
MIRECO locations is pictured, highlighting the new site 
near Milan.

Fig.1 - MIRECO’s recycling sites all over Europe, highlighting the new site in Italy [3].
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Fig.2 - Trinity of Customer, MIRECO and RHI Magnesita closing the CERO Waste circle [3].

MIRECO offers a comprehensive range of sustainable ad-
ditives for the steel production process, facilitating the 
reintegration of used refractory products into the supply 
and value chain. In addition to direct sales, the CERO Wa-
ste service is also available, enabling customers to bene-
fit from MIRECO’s expertise and implement closed-loop 
recycling to significantly decrease CO2 emissions. The 
approach complies with the European Waste Framework 
Directive and focuses on optimising refractory collection 
material sorting, and recycling to minimise landfill [3]. Fur-
thermore, a slag engineering solution giving insights into 
metallurgical process optimisations, the application of su-
stainable additives and slag compatibility with refractory 
linings can be provided [4,5,6]. 

MIRECO’s circular approach involves three core services:
• CERO Waste Concept
Supports closed-loop recycling, minimising landfill waste 
and reducing CO₂ emissions.
• Circular Metallurgical Additives
Provides recycled, sustainable additives directly for the 
steelmaking process.
• Slag Engineering Solutions
Offers consulting for optimal slag management, refractory 
compatibility and specific metallurgical optimisations.

THE CERO WASTE CONCEPT: CLOSING THE LOOP ON 
REFRACTORY MATERIALS 
Traditional refractory materials often follow a linear li-
fecycle, with products being discarded after use. Refrac-

tory producers, steelmakers and their decisions against 
products containing circular raw materials are the reason 
for this significant waste accumulation and the loss of po-
tentially valuable materials. The alternative opportunity 
is following MIRECO’s circular CERO Waste approach, 
unlocking these material potentials by using circular re-
fractory products and circular metallurgical additives.

Figure 2 pictures the trinity: Customer, MIRECO and RHI 
Magnesita, within the CERO Waste circle. The customer at 
the top provides used refractory material to MIRECO in a 
clockwise direction. There, the material is sieved, sorted 
and cleaned, leading to two main material types: the finer 
fraction for non-refractory circular raw materials (CRMs) 
and the coarser fraction for CRMs for refractory products. 
Non-refractory CRMs are converted into circular metallur-
gical additives, i.e., slag conditioner supplied in a coun-
terclockwise direction back to the customer. These su-
stainable additives and their impact on steelmaking will be 
elaborated on in this article. CRMs for refractory products 
are provided to a refractory producer, in first instance to 
RHI Magnesita, manufacturing new circular refractory pro-
ducts the customer is supplied with. In this way, the circle 
of refractory lifetime is closed, the most added value is ta-
ken out of each material stream and landfilling is decreased 
to less than 2% [3].
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MIRECO designed a promotional video [3], giving a 
detailed overview about the four steps CERO Waste 
provides to a steel plant with products and services to 

close the circle of refractory life. Figure 3 illustrates the 
four respective steps of the concept.

Fig.3 - CERO Waste Concept and its 4 steps of continuous 
sustainability [3].

1) Collection Point Management
In this first step, the complete refractory material flow 
is drawn out between all involved stakeholders, starting 
from lining via demolition to the final material destination. 
This procedure needs time and a transparent and open 
steelmaker.
2) Material Sorting
Second, in order to maximise the yield of recyclable raw 
materials, the different spent refractory qualities are sor-
ted into the required qualities. Sorting manually and with 
laser technology is the core competence of MIRECO. 
3) Reuse
During the third step of the concept – the creative part – all 
possible ways of reusage are evaluated, together with the 
producer and the user of the refractory. In this step, the 
highest impact on CO2 and landfill reduction is achieved. 
4) Disposal
In this step, MIRECO takes care of the disposal process 
and the responsible and legal handling of waste products.

So far, MIRECO has enabled over 30 European customers 
to achieve a more efficient circular economy, providing 
more than 100,000 tonnes of CRM products and additional 
services annually. MIRECO has introduced a Sustainability 

Award to recognise the success of its customers in terms 
of annual CO2 savings. This award was presented to GMH 
Gruppe and Swiss Steel Group in 2023, each with annual 
CO2 savings of around 10,000 tonnes – see Figure 4 [7].

Fig.4 -MIRECO Sustainability Award presented to GMH Gruppe and Swiss Steel Group in 2023 [7].
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CIRCULAR METALLURGICAL ADDITIVES
Metallurgical additives from primary raw material sources 
in general serve crucial functions in iron and steelmaking, 
where slag chemistry directly impacts refining processes 
like dephosphorisation, desulphurisation and slag foaming. 
Additives are generally classified into basic and fluxing 
oxides, with the former aiding in CaO and MgO saturation 
and the latter in fluidising the slag [5]. 
In Europe, approximately 170 million tonnes of steel are 
produced annually, with 45% coming from integrated steel 
mills and 55% from electrical steel mills. Taking an average 
specific slag amount of 200 kg per tonne of steel implies 
a significant slag volume and thus a huge demand of slag 
forming additives [8].

MIRECO sources spent refractories through CERO Waste. 
Due to handling and processing, even pre-separated 
materials contain a significant percentage of fine particles. 
The whole material is sieved, sorted and cleaned in the 
same way. The coarser fraction is converted into CRMs for 
new refractory products and the finer fraction – i.e., non-
refractory CRMs – is converted into circular metallurgical 
additives. With a roughly 1:1 ratio of fine to coarse fractions, 
both depend strongly on each other. Under European 
waste legislation’s “No-Out, No-In”-rule, recycling spent 
refractories requires maintaining a balance between 
these two fractions. Unlike mined primary raw material 
availability, those circular raw materials and circular 
metallurgical additives and their availability always depend 

on the other material type and its use, respectively.
Circular metallurgical additives contribute to 
environmentally friendly steel production as the PCF 
of these materials can be <10% of commonly used slag 
formers (Table 2) and is detailed in the technical data 
sheet [9]. Additionally, these sustainable products are 
characterised by their cost competitiveness, as they do not 
require calcination or premelting and are not dependent 
on fuel price volatilities. They offer a price advantage 
of approximately 10%. In terms of chemistry, the MgO 
content protects a basic refractory lining from corrosion, 
while carbon is an energy source as well as a reducing 
and/or slag foaming agent. When compared to synthetic 
premelted slags, recycled alumina products have the 
advantage of containing accompanying oxides that lower 
the melting point and a specific surface area ten times 
higher than common additives, making them a competitive 
alternative for calcium aluminate slags or even a CaF2 
substitute [5,6]. As circular metallurgical additives are 
applied in significant quantities and with high frequency, 
the resulting carbon emission savings can be substantial. 
This is why an increasing number of steel plants are eager 
to adopt these sustainable additives. MIRECO provides a 
general portfolio (see Table 2), showing standard grades of 
basic and fluxing oxides that can be customised to the steel 
plants demands accordingly. Currently, more than 100,000 
tonnes of circular metallurgical additives are sold on the 
European market every year. The split in terms of basic and 
fluxing oxides is two-thirds to one-third.

Tab.2 -MIRECO’s standard grades of Circular Metallurgical Additives [5].
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Challenges & Solutions
When considering the use of circular metallurgical 
additives, it is important to address existing biases against 
reclaimed materials, the sensitivity to freight costs, 
and the need for effective dissolution. However, both 
laboratory and industry studies have shown that circular 
MgO additives have good solubility in electric arc furnace 
(EAF) and basic oxygen furnace (BOF) processes, even 
in MgO-oversaturated slags [4,5]. Additionally, industrial 
trials demonstrated good solubility and no impact on 
desulphurisation capacity when ladle furnace (LF) slags 
were fluxed with circular alumina carriers instead of 
premelted slag, even reducing CaF2 to zero [6].

SLAG ENGINEERING SOLUTION
Various showcase trials testing circular metallurgical 
additives in different steelmaking units, combined with 
RHIM’s metallurgical expertise, have led to a new offering 
that supports the circular economy approach: a slag 
engineering solution. This solution provides customers 
with comprehensive metallurgical consulting to optimise 
their slag engineering. It includes access to e-tech slag 
modelling tools, offering detailed insights into specific 
slags and helping to enhance the overall metallurgical 
process.

e-tech
The e-tech platform is a collection of online slag 
modelling tools available in RHI Magnesita’s Customer 
Portal, the secure online environment enabling access 
to data including order tracking, refractory performance 
reports, scope 3 CO2 emissions from consumed 
refractory products, and gunning consumption figures. 
The e-tech tools are used to determine potential process 
improvements; they were applied in the showcase studies 
“Quickfoam” for EAF and BOF processes, and “Slag 
Optimisation” and “Kinetic Desulphurisation” for the LF 
process [10,11], which are described in the following 
section.

Showcase Trials
Three case studies – one for each steelmaking unit: 
the EAF, BOF and LF processes – highlight the positive 
impacts of MIRECO’s solutions on green steel production. 

The following saving ranges for an average steel plant 
being provided with MIRECO’s services can be assumed:
• Up to 20% less specific refractory consumption 
• € 0.3-1.0 of savings per produced tonne of steel
• 10-15 kg CO2 savings per produced tonne of steel  

• EAF – MIRECO’s circular MgO and carbon containing 
additives were applied to the EAF process via injection 
equipment, evaluating the most efficient time slot for 
enhanced slag foaming and most lining protection.
• BOF – Circular additives were tested in a BOF 
environment, addressing the challenge of MgO saturation. 
Trials showed that circular additives dissolved effectively, 
ensuring slag compatibility and maintaining process 
efficiency.
• LF – In secondary metallurgy, circular alumina products 
replaced traditional calcium aluminate slags, enhancing 
desulphurisation performance while reducing CaF₂ 

dependency. The high surface area of these additives 
facilitated better integration, with e-tech modelling 
confirming the improved efficiency.

The following Table 3 shows an overview matrix of 
the three studies conducted, each published in an RHI 
Magnesita Bulletin article – see literature [3,4,5]. 
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Tab.3 - Matrix overview of showcase trial outcome. [4,5,6]

CONCLUSION
The shift towards sustainable practices in the steel industry 
is essential to reducing environmental impact and aligning 
with global climate goals. MIRECO’s initiatives, including 
the CERO Waste Concept, slag engineering solutions 
and circular metallurgical additives, represent significant 
advancements in achieving a circular economy within 
steel production. By promoting closed-loop recycling, 
optimising slag chemistry and introducing low-carbon 
alternatives to traditional additives, these innovations 
reduce CO₂ emissions, minimise landfill waste, and offer 
economic benefits for steel plants. Through incorporating 
Reffratari Trezzi organisation, MIRECO is extending its 
impact in Italy and across Europe, demonstrating the 

feasibility and advantages of integrating circular materials 
into steelmaking.
Case studies illustrate that circular materials maintain or 
enhance process efficiency in electric arc, basic oxygen 
and ladle furnaces. The development of tools like the 
e-tech platform further aids steel plants in optimising 
their operations and maximising the value of recycled 
materials. By addressing challenges such as raw material 
variability and biases against recycled products, MIRECO 
is paving the way for a more sustainable steel industry. 
As steelmakers increasingly adopt these practices, the 
industry moves closer to realising its green steel goals, 
setting a strong foundation for a climate-friendly future.
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