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oA Challenge for all industries
BElEd How to meet the growing global demand in a Sustainable + Climate Neutral way

European Steel Technology Platform
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Materials are responsible for 25% of GHG and demand has tripled over the last 30 years.

* Defined as end of life material recycled to make same material again
Sources: WSA, Plastics Europe, ArcelorMittal Corporate Strategy analysis

15 October 2021



**** N
"+, ESTEP
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- Scalability, Affordability and
Circularity will define the winning
technologies in 2050

* Primary and Secondary
Steelmaking requires novel
approaches and breakthroughs
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* Unique opportunity to partner with 1800* kgCO,/t.. e
players in Renewable Power and in 2e
Chemical recycling V55 % 810 kg CO,/ 4 55% 225 CO,/

 Collaboration in Europe is Key d 85% 270 kg CO,/ 1 85% 75C0,/,

Assessment by mathematical calculation
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oA EU Clean Steel Partnership
- ESTEP Characteristics

European Steel Technology Platform

e Partnership in the frame of Horizon Europe (HEU) in 2021 to 2027/2030
* Public side: DG RTD & DG Grow
- Private side: ESTEP & EUROFER

|~
* Projects g‘ P
+ size: € 10-100 million (= Ve

» Developments starting at TRL 6 to end up with TRL 8 (Technology Readiness Level) The Clean Steel Partnership
exceptional start at 5 to end up with at least TRL 7

e 2 demonstrators showing CO, emission reduction potential of at least 50% ( )

Horizon E
« CSP-Budget: € 1.4 billion Y Horizon Europe ¢

» €350 million from Horizon Europe
« €350 million from assets of the ECSC* in Liquidation (source of RFCS funding)
» At least matched by steel sector (expected €1.000 million)

Research Fund
for Coal & Steel

e Total n for large R&D&I projects on low-carbon steelmaking technologi
otal need for large R&D&I projects on low-carbon steelmaking technologies “ESCS=European Community

« € 2.55 billion (estimate) Eor Coal and Steel
» Funding gap outside the partnership financed also with other EU and national instruments. (grandfather of the EU)
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S S‘eelETegl;I;E“E St rate g I C ap p rO a.C h The Clean Steel Partnership
3 Technology Pathways Circular Economy
: ) Enhancing the recycling of steel (e.g. scrap in BOF/EAF*) and its by-products,
® Carbon direct avoidance (CDA) Resource efficiency "BOF- Basic Orygen Furnace
® S mart Carbo n U Sag e (S C U) Pathways/ Smart Carbon Usage (SCU) Carbon Direct Avoidance
. Groups Process Integration Carbon Valorisation/ e
® Circular Economy (CE) with reduced use of | Carbon Capture and
carbon Usage (CCU) Hydrogen  Electricity
Each pathway needs hydrogen! (+ccs) i
Use of renewable
Integration of process Using CO/CO2 from steel electricity in basic
Description | steps and internal use of mill as raw material steelmaking, e.g.
) process gases (Chemical conversion of production of H2 to
6 Areas of Intervention co/coz) replace carbon

®* Integrating BB into the 3 Pathways
®* CDA, SCU-PI, SCU-CCUS, CE, combination
® Include enablers (Digitisation+Social Innovation)

2C5P

The Clean Steel Partnership

2: Metal
oxide
reduction

1: Gas
injection

3: Melting
technology

12 Building Blocks

®* Bring to TRLS at large scale Pmdﬁrction 5:c0/CO, | 6: Raw 7: Heat
° Foster collaborative projects adjustment utilisation materials | generation

11: 12:

TRL=Technology Readiness Level 9: CE 10: Bivraiea || [Fms e

CSP roadmap (SRIA): www.estep.eu/clean-steel-roadmap solutions Enablers
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S S‘eEegl;I;E"E St rate g I C ap p rO a.C h The Clean Steel Partnership
3 Technology Pathways Circular Economy
: ) Enhancing the recycling of steel (e.g. scrap in BOF/EAF*) and its by-products,
® Carbon direct avoidance (CDA) Resource efficiency ki ichy L
® S mart Carbo n U Sag e (S C U) Pathways/ Smart Carbon Usage (SCU) Carbon Direct Avoidance
. Groups Process Integration Carbon Valorisation/ e
® Circular Economy (CE) with reduced use of | Carbon Capture and
carbon Usage (CCU) Hydrogen  Electricity
Each pathway needs hydrogen! (+ccs) i
Use of renewable
Integration of process Using CO/CO2 from steel electricity in basic
Description| steps and internal use of mill as raw material steelmaking, e.g.
. process gases (Chemical conversion of production of H2 to
6 Areas of Intervention co/co2) reploce carbon

®* Integrating BB into the 3 Pathways

*  CDA, SCU-PI, SCU-CCUS, CE, combination High need for Hydrogen @C P

® Include enablers (Digitisation+Social Innovation) oo steetpatnertio

2: Metal
oxide
reduction

1: Gas
injection

12 Building Blocks

® Bring to TRL3 at large scale Pmdﬁrction 5:CO/CO, | 6: Raw
®  Foster collaborative projects adjustment |, Utilisation | materials

12:

9. CE 10: Innovative

TRL=Technology Readiness Level .
solutions Enablers

CSP roadmap (SRIA): www.estep.eu/clean-steel-roadmap

applications
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. ESTEP e Impact — Follow-up activities

European Steel Technology Platform

1 EU R O F E R - YRR (TRANSTION)
® Innovatlon Fund (ETS) THE EUROPEAN STEEL ASSOCIATION — 4 ,:::m:'_‘—. w ammATVE
= estimat|0n = - ol . . (= mm—nur:nm
_ _ | Crculareconomy(ce) (@) 3 e
» 16 large scale projects responded to the first call o
« Objectives of projects: -25% to -45% CO2 by 2025 to 2030 s S ~iane N _
e IPCEI proposal (funding by member states) P ; — [_°~ « LU oo
estimation as of June 2021 Rl
» 54 steel projects N . 1
Start before 2030 SRS it __l—::ﬁ: —_—
* Gantd Ersentittenstadt : RENTWASLE ENESGY
» Technology Readiness Level (TRL) at least 7 R Co— L 2 :J Ostrowec Sm
BTH : :::; Ddingen s votdngen Dabrows Gormiery - LA
« Capex needs: 25 billion EUR HE / ) - S .
- Opex needs: 45 billion EUR S e [
+ Potential annual CO, abatement in 2030 :w:w 2 e A | Iﬁ.:m 8 o I
76 Mio tons CO,/year P Sow —— - .
- Equal to 1/3 of total direct and indirect CO, emissions of EU steel Ca—T Pl v~ ———
« Hydrogen needs: 0.6 to 1.2 Mt hydrogen/y and 10 to 12 TWhly (tbc) :m T >

(For complete shift of 90 mio. t BF steel to hydrogen: ~400 TWhly)

Status: June 2021

* The success of these projects and their envisaged emission reductions
require a that effectively addresses
both during and after the projects implementation
=> Green Deal + Fit for 55% Package
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Roland Berger, May 2020 .

The fetis of stesirnabing
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The Clean Steel Partnership

Ele

The Clean Steel Partnership

P

6 Areas of Intervention
(Aol):

Breakthrough

technology examples

Aol: SCU-CCUS
CO2 Capture
Chemical Conversion
BiologicalConversion

( Aol: SCU-PI )

Iron Bath Reactor
Smelting Reduction
(SR)

Substitution with
biomass / polymers
Gas injection

Aol: CDA
H,-based DR & SR
Electrolysis
H, in EAF
H,/RES inrollingmi

Aol: CE
Mineral recovery
Metal recovery

Completion and Integration

v Immediate : .
(!'(.‘)2 mmggation v" Quick evolution
1 Stage 2a
4BBsatTRL7 4BBsatTRL7
6BBsatTRLE

\

™,  4Building Block Demos:

BB2:
BB4:
BBS:
B889:

CO, neutraliron ore reduction

CO/CO, capture and storage

Steel specificcircular economy

Adjustment of today’s production

2demos at TRLE

Aol CDA, CE

Clean Steel Partnership CSP: Vision, Ambition and Resources

First-of-a-kind deployments

v’ Breakthrough

| Stage 2b > Stage 3
4BBsatTRLY 48BsatTRL7
6BBsatTRLE

Aol: Combination

N

mmm&
Demo #4 /401 CDA, CE

2demos atTRLE

2030

%

all Building Blocks

State of the Art
2020

2021 Short Term 2

N
024)  Mid Term
V

2027> Long Term
V

zos>

Legend:[ Area of Intervention (Aol) ]

Inputs from Aols to Demos:

towards -50% target (203

Budget
= 2021-2027: 1.4 B€ invest

= Resources:
50% private
25% by HEU + 25% by RFCS

= Budget allocation related
to CO, mitigation potential

Vision CSP 2030ff

v steel technologies
completed, integrated,
demonstrated

v ready for deployment
-50% CO, (from 2027)
-80-95% CO, (from 2030)

v Target for steel industry:
-50 Mt CO2 / year (2030)
CO; neutral (2050)

v leverage synergies of
common research
(500 Mio.€)

v resource efficiency
v’ competitiveness
v jobs and skills

I towards -80% target (2050) B\ At least 4 demonstrators with
overall mitigation target

Thank you for your attention!



