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The presentation focuses on two aspects…

Pathway towards CO2 reduction for the steel industry:
Opportunities & challenges for the refractory solution providers

Decarbonisation of the steel industry

CHALLENGES & OPPORTUNITIES

HYDROGEN AS REDUCTANT & 

COMBUSTIBLE

▪ 100% Hydrogen as reductant 

→ influence on process 

conditions possibly requires 

adaption of refractories

▪ Hydrogen as combustible →

how will it affect refractories?

H2

▪ New emerging technologies 

(e.g. Smelter) for 

steelmaking require high-

grade refractory materials

▪ Change in process 

conditions requires adjusted 

refractory concepts

EMERGING TECHNOLOGIES IN 

STEELMAKING & CHANGE  IN 

PROCESS CONDITIONS

FOCUS OF DECARBONISATION 

WITHIN RHIM

▪ Innovative refractory 

solutions enabling customers 

to reduce their CO2 Footprint 

▪ Reduction of Scope 1 + 2 + 3 

emissions in our own 

production plants 

▪ Increase of recycling rate up 

to 10% until 2025
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Reducing the CO2 Footprint: Timeline for the steel industry

GREEN roll-out

Natural gas-DRI → EAF in mature steel markets1

GREEN full operation

H2-DRI → EAF in mature steel markets

H2 economy required for full-scale hydrogen usage

Attractive regulatory frameworks to incentivise carbon abatement and prevent carbon leakage (e.g. CBAM)

Sizable electricity capacity additions

KEY 

ENABLERS

1 e.g. Europe, USA, MEA, CIS, North East Asia

Steelmaking technology to transition stepwise to H2-DRI-EAF & H2-DRI-SAF

2025 2030 2040 2050

GREEN pilots

Customers start asking for CO2

efficient solution business

Natural gas-DRI → “SMELTER” H2-DRI → “SMELTER”
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CO2 emissions for steel making

Refractories in the realm of challenges for steel makers

▪ Total emissions per ton of BF-BOF steel: 2.200 kg CO2/tSteel

▪ Total emissions per ton of EAF steel: 340 kg CO2/tSteel

➢ Charge material EAF: Scrap

➢ Charge material BOF: Hot metal, scrap

➢ Source: International Energy Agency (IEA)

➢ Scope of calculation: Direct emission intensities: IEA calorific and 

carbon content values for each fuel (IEA, 2020b). Indirect emission 

intensities: Global average CO2 intensity of power generation for 

electricity imported from the grid

▪ Total emissions of refractories per ton of steel: ~24 kg CO2/tSteel

➢ Source: RHIM assumptions

➢ Scope of calculation: Gradle-to-Gate calculation, including Scope 1, 2 

and Scope 3 downstream emissions

▪ Total emissions per ton of crude steel cast: 1.890 kg CO2/tSteel

➢ Routes: BOF & EAF, weighted

➢ Source: World Steel Association

➢ Scope of calculation: BOF and EAF route, weighted based on the 

production share of each route and includes scope 1, 2 and 3 according to 

the GHG protocol, excluding the upstream value of mining and transport to 

the steel site

Refractories: 

24 kg CO2/tSteel

EAF (scrap-based): 

340 kg CO2/tSteel

BOF & EAF, weighted: 

1.890 kg CO2/tSteel

BF-BOF:

2.200 kg CO2/tSteel

Scrap-based EAF steel-

making:

Up to 7% of CO2 emissions!
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▪ 20+ DRI projects are officially announced in Europe 

▪ Two dominant routes for steelmaking

1.) Direct reduction plant feeding an Electric-Arc Furnace (EAF) 

2.) Direct reduction plant in combination with Submerged-Arc Furnace

New emerging technologies for steelmaking require adjusted refractory concepts

Transformation of the steel industry

Steelmaking Secondary Metallurgy 

& Casting

2-step process:

1. SAF:

▪ Melting

▪ Reduction

2. BOF:

▪ Refining

1-step process:

▪ Melting

▪ Refining

DRI (Direct reduced Iron)

Round / Rectangular 

Submerged-Arc Furnaces

Electric-Arc Furnace (EAF)

BOF

▪ Comprehensive low-

to zero CO2 product

portfolio

▪ Leverage full EAF

product portfolio and

higher consumption

of basic mixes

Completely new 

challenge: 

▪ Refractory expertise

in Non-Ferrous

metallurgy industry

required for transition

of knowledge to steel

industry

High grade ore

Low grade ore

CO/H2

100% H2

Scrap

Scrap

20% scrap

80% HDRI
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New emerging technologies for steelmaking require adjusted refractory concepts

Transformation of the steel industry

80% HDRI

Steelmaking Secondary Metallurgy 

& Casting

2-step process:

1. SAF:

▪ Melting

▪ Reduction

2. BOF:

▪ Refining

1-step process:

▪ Melting

▪ Refining

DRI (Direct reduced Iron)

Round / Rectangular 

Submerged-Arc Furnaces

Electric-Arc Furnace (EAF)

BOF

High grade ore

Low grade ore

CO/H2

100% H2

Scrap

Scrap

20% scrap



REFERENCE 2 

• Plant capacity: 1.100 kt

• EAF capacity: 130 t

• Deoxidation: Silicon killed

• EAF type: AC

• Campaign length: 465 heats

Process Route: 

• EAF → LF → Billet Caster

• All heats processed through LF

• Charge mix: 98-99% hot DRI

max. 2% scrap

11

Long-term evolution of EAF consumption

Scrap-based vs. DRI-based EAF Process

Note: Value for Total Consumption includes all refractory products of EAF including permanent lining, roof, EBT filler etc.
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REFERENCE 1 

• Plant capacity: 1.500 kt

• EAF capacity: 145 t 

• Deoxidation: Silicon, Aluminum

• EAF type: AC

• Campaign length 1.600 heats

Process Route: 

• EAF → LF → Billet Caster

• All heats processed through LF

• Charge mix: 100% scrap

DRI-based EAF

Scrap-based EAF
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New emerging technologies for steelmaking require adjusted refractory concepts

Transformation of the steel industry

80% HDRI

Steelmaking Secondary Metallurgy 

& Casting

2-step process:

1. SAF:

▪ Melting

▪ Reduction

2. BOF:

▪ Refining

1-step process:

▪ Melting

▪ Refining

DRI (Direct reduced Iron)

Round / Rectangular 

Submerged-Arc Furnaces

Electric-Arc Furnace (EAF)

BOF

High grade ore

Low grade ore

CO/H2

100% H2

Scrap

Scrap

20% scrap
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Steelmaking technology trends require expertise in 
refractories for Submerged-Arc Furnaces (SAF)

ROOF :

Casted Sections

Non-basic mixes

Bricked

Fired alumina bricks

UPPER SIDEWALLS :

Fired alumina bricks

LOWER SIDEWALLS

Working Lining:

Fired magnesia bricks

Backup Lining:

Fired magnesia bricks

BOTTOM (infill)

Fired magnesia bricks

Fired alumina bricks

METAL/SLAG 

TAPHOLE :

Fired magnesia

bricks

BOTTOM :

(upper hearth)

Fired magnesia bricks

BOTTOM 

(lower hearth) :

Fired magnesia bricks

ELECTRODE SEALING :

BRICKED

Fired alumina bricks

PRE-SHAPED

Non-basic mixes

SKEWS

Fired magnesia bricks

Upcoming challenges

▪ Design of refractory concept adapted 
to process conditions of DRI-melting

− Adaption to temperatures

− Adaption to composition of slag

− Adaption to metal composition

▪ Cover future demands of refractories

− Huge volumes → ~ 1.500-3.500 
tons of refractories per SAF

Long-term refractory expertise in NFM-industry as a foundation for providing full support on 

DRI-Smelter Solutions



There are two aspects…

Pathway towards CO2 reduction for the steel industry:
Opportunities & challenges for the refractory solution providers

▪ New emerging technologies 

(e.g. Smelter) for 

steelmaking require high-

grade refractory materials

▪ Change in process 

conditions requires adjusted 

refractory concepts

Decarbonisation of the steel industry

EMERGING TECHNOLOGIES IN 

STEELMAKING & CHANGE  IN 

PROCESS CONDITIONS

HYDROGEN AS REDUCTANT & 

COMBUSTIBLE

CHALLENGES & OPPORTUNITIES

▪ 100% Hydrogen as reductant 

→ influence on process 

conditions possibly requires 

adaption of refractories

▪ 100% Hydrogen as 

combustible → how will it 

affect refractories?

H2
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Hydrogen is technology of strategic importance for RHI Magnesita

H2 at RHI Magnesita

Product application

Change of processes will require further 

specific process know-how

Refractories for Hydrogen 

Compatibility

▪ Hydrogen containing atmospheres

▪ Hydrogen combustion atmospheres

Adapt our refractory solutions

CO2 utilisation

To take the CO2 and convert it with H2 into a 

product

Generation

Firing

Substitution of the NG to prevent CO2 in the 

off-gas

Kiln running on hydrogen as fuel

▪ Joint projects with external 

academic and industrial partners 

▪ Pilot projects (RD and CAPEX)

Adapt our own processes

H2

In
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Hydrogen is technology of strategic importance for RHI Magnesita

H2 at RHI Magnesita

Hydrogen as combustible

▪ Aggressive reducing environments with 

theoretically 100% H2-atmosphere at high 

temperatures.

▪ Main oxide sensitive to hydrogen is silica

▪ FactSage studies (RHI Magnesita) show that 

silica is the most sensitive to H2 attack.

More studies are underway to find out in what 

specific circumstances hydrogen attack is more 

likely to occur to refractory materials.

Hydrogen as reductant

H2

▪ Depending on the chosen gas mix (pure H2, H2

mixed with O2 or air, etc..)

▪ Re-evaluation of the refractory lining and (burner) 

concept and adaption to max. application and  

targeted shell temperatures

▪ Higher NOx emissions are possible

▪ No effect on lining itself expected

The effect of hydrogen used for combustion in 

industrial heating applications needs to be 

further investigated
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▪ R&D efforts needed to make new required refractory grades available for the altered and 

more demanding steelmaking process 

▪ Understand the implications the new processes will have on refractory products 

▪ Ability to supply and engineer all qualities for a DRI, Smelter or EAF is not a given for all 

suppliers 

▪ Assist both the OEM’s and the steel producers with the challenges the new processes have 

on the lining 

▪ Transformation from traditional refractory supplier to solution provider

▪ Application of proven concepts and learnings of one industry into another industry 

Opportunities & challenges for the refractory solution providers

Summary

Challenges will be…

Opportunities will be…



Important notice:

These materials do not constitute or form part, or all, of any offer of invitation to sell or issue,
or any solicitation of any offer to purchase or subscribe for, any securities in any jurisdiction
in which such solicitation, offer or sale would be unlawful, nor shall part, or all, of these
materials form the basis of, or be relied on in connection with, any contract or investment
decision in relation to any securities.

These materials contain forward-looking statements based on the currently held beliefs and
assumptions of the management of RHI Magnesita N.V. or its affiliated companies, which are
expressed in good faith and, in their opinion, reasonable. Theses statements may be
identified by words such as “expectation” or “target” and similar expressions, or by their
context. Forward-looking statements involve known and unknown risks, uncertainties and
other factors, which may cause the actual results, financial condition, performance, or
achievements of RHI Magnesita N.V. or its affiliated companies to differ materially from the
results, financial condition, performance or achievements express or implied by such forward-
looking statements. Given these risks, uncertainties and other factors, recipients of this
document are cautioned not to place undue reliance on these forward-looking statements.
RHI Magnesita N.V. or its affiliated companies disclaims any obligation to update these
forward-looking statements to reflect future events or developments.

Dipl.-Ing. Miriam Schnalzger

Technical Marketing Manager – Mini Mills & Stainless

Kranichberggasse 6

1120 Vienna Austria

Phone: +43 699 1870 6589

E-mail: miriam.schnalzger@rhimagnesita.com


