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Decarbonisation of steel production by electrification
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« Steel production
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1 808 Mt of crude steel.
71% primary steel.

2 167 Mt of iron ore.

Fe =18 x Al, in tonnage.

Fe =84 x Cu, in tonnage.

Iron ore: second raw material transported by

shipping.
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» Steel use
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Nobuhiko TakamaTsu, Kimitoshi Yonezawa, Hironori ueno, Wakana Tamaki and Seiichi HaYasHi D. Miller et al. Patterns of Iron Use in Societal Evolution (2011)

Tetsu-to-Hagané Vol. 100 (2014) No. 6
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« CO, emissions

Use of reducing agents in the blast furnace in Germany
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WorldSteel
A Steel Roadmap for a Low Carbon Europe Eurofer (2013)

The steel industry generates between 7 and 9% of direct emissions from the global use of fossil fuel.
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« Climate neutral Europe by 2050

— The goal is to reach net-zero emissions by 2050.
Switching to low and zero carbon energy sources such NG CDE St
as renewables-based electrification. i R Oftrark o Gl patioeays
~ B e e o e

s Tertiary

Steel emissions are process-related from chemical o0 W Transport

reactions other than combustion which are difficult to
reduce.

B Industry

Power

mmm Carbon Removal Technologies

I LULUCF

== »Net emissions

0
European Commission - Strategy for a climate neutral Europe by — I
2050 \

2050 (2018) 2008 2010 2015 2020

European Commission - A Clean Planet for all (2018)
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 Electrification of steel production
Electrification of
secondary steel
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 Electrification of primary steel production

Pellet feed Ultra Fine ore Iron oxide Iron metal plates Liquid steel

o

[ "grinding™ *
iroan ore U ding

~

moltergsteel

T~

Stirred mill Fluid circulation Electrochemical Fusion of metal
and heat decomposition
exchange

— A new processing route for steel.

— Overall energy consumption 3.6 MWh.t1, or 13 GJ.t"...
— Reduction by 31% of the direct energy use.

— Reduction by 87% of the direct CO, emissions.

Electrification of today Europe primary steel production 100 Mt.a! would require 360 TWh.a* compared
to 35 TWh.a! for 70 Mt.a! of secondary steel
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 Iron Electrowinning

1 3 « Low temperature electrolysis: 110°C.
/ZFGZOB 9 Fe + /402 « Conductive aqueous alkaline electrolyte medium

ltage : AV
o 1@ 50wWt% NaOH - H,0.
gf;’,f,’,’j,yh‘;f,,’;'ggg || | « No separator as membrane or diaphragm between
Fe,0, 10um | i current :| electrodes.

» Electrolysis is applied to 10 pum hematite solid
particles rather than dissolved ions.

« High reaction rate with current density 1000 A.m.

* Low distance between electrodes 1cm.

« Cathodic iron grown as self-standing, stiff, compact
and conveyable metal plates.

 Full recovery of anodically produced O..

« Non-consumable anode.

« Non critical elements in electrode materials, Ni
anodes.

\ ] v
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aqueous alkaline
solution with
suspended particles

O2: oxygen gas evolution
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« YIDERWIN project

HORIZON 2020 *

LE PORTAIL FRANCAIS DU PROGRAMME EUROPEEN ‘#

PO LAQHERCHE ETEINNOVYATION
\ * 4 K

— 5 years project 2017-2022

— Budget: 6.8 M€ includes 2.2 M€ for pilot.

— 7 different countries.

— 12 partners : 4 Companies + 4 SMEs + 4 RTO
— Multisectorial: steel, non-ferrous and power.

— Coordinated by ArcelorMittal.

— https://www.siderwin-spire.eu/content/home
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« YIDERWIN project — TRL6 pilot
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Continuous and automated iron ore supply.
Gas oxygen collection.
Metal harvesting system.

Vertical extension for low footprint.

Flexible metal production, interruptible for grid
controlled by a communication system.

Enlarged iron oxide sources.
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« YIDERWIN project for future mass steel production

« Oxygen production. Beneficial effect to the atmosphere

« Reduction of wastes from mineral industries. Access to mineral resources

- Participation in electric grid balancing. Contribution to the integration of variable RES

. . Long term storage of electricity
« Massive electricity storage.

Radical simplification of the chemical route and high

» Direct production of primary steel. energy efficiency
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« YIDERWIN project: path for upscaling
2017-2022 6.8M€
HORIZON202O

LE PORTAIL FRANCAIS DU PROGRAMME EUROPEEN

. LA%HERCHE ET LINNOVATION
(R S . Operated final form i&\

8 g Tested final form

= FUll-scale prototype

VALORCO

Engineering-scale prototype

Configuration matches final application

IERO
ASCoPE

ulcos

4 e Components integration 2017

3 == Proof-of-concept 2009
2007

2006

2 [t Corroborate basic observations

1 Je——p Basic experimental work
E—
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ADEME

Agence de 'Environnemen t
et de la Maitrise de |'Energie

Research Fund
for Coal & Steel
AGENCE NATIONALE DE LA lECHERCHR

POl

SIXTH FRAMEWORK PROGRAMME
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« ZIDERWIN project: Planning g,
October 2017

End
October 2022

I Yo & T T |
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WP1: Proed
T

rranagement
Adminstrative and contraciual management

T 1.3 Overalltechnical and rek management

WP2 Specifications of the pildt with key componentsin arelexant ernirorment

T 2.1: Filot pre-engineering festures, specificaions and size

T 2.2 Blectrowinning cell pre-engineering festures, s pecifications andsize
T 2.3 Process flow diagram, mass and energy balances

T 2.4 Equipment layout, lst of auxiliaries

T 2.5 Study of the integration of the process in the electrical grid

T 28 Architecture assembly of the eledrolytic cells in s plant

WP 3: Smulation and design of the cptimal prototype cell

T 2.1: Research and Development of the CFD methodology

T 2.2 Development and spplicstion of the pilot cell CFD model

T 2.3 Experimental ing of ek lysis i ion

T 3.4 Design review of the electrowinning cell

WP4: Aot development and optimisation of the process parameters

T 4.1: Optimis ed process fliow diagram, mass and energy balances

T 4.2 Confrolled laboratary experiments for optimised conditions

T 4.3 Detailed engineering of the pilot

T 4.4: Procurement, fabrication and in site integration

WP5: Process operating

T 5.1: Commssioning, testing and start up

T 5.2 Opersation of the pilot, ron production

T 5.3 Definition of the optimal process parameters

T 5.4 Validation of the ability io operate in an on-demand mode

T 5.5 Alternative supply of iron cxdde
T 5.6 Validstion of the pilot ®echnical performances

VWP Alterrative ravarraterial study

T 6.1: Supply and sampling of Bauxite Res idue from he Bayer process

T 8.2 Experimental study of red mud electrolysis

T 6.3 Study of red mud processing on the pilst

T 8.4 Srategy of integration in the Bayer process / zero waste processing
T 6.5 Study of zinc and nickel by-products

WPT: Techno-economic and emurommenta assesaments

T 7.1: Framework of the fechno-economic and envronmental assessment
T 7.2 Process integration with renewable energy sources (RES)

T 7.3 Integrated material and energy balances
T 7.4 Environmental Lile Cyde Assessment

T 7.5: Techno-economic study and Life Cyde Cost
WPE: Communicabion, dissem nabon and explataiion

T 8.1: Communication and desemination actions.
T 8.2 Develop of an explottation strategy and exploitstion plan
T 8.3 Study on the protection of Intellectual Property Rights
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« XIDERWIN project: path to achieve carbon neutrality before 2050

TRL6 TRL7 TRL8 TRL9
YIDERWIN Full-scale prototype Tested final form Operated final form
Cells in series x 15 Full route from iron ore to liquid steel Full time plant operation
Full scale cells 10 to 15m long
Academic work: Small plant size 50kt/y Small plant size 50kt/y
1

Electrochemistry.

2. Process engineering.
3. CFD.
4.

Mineral processing.

Supplier contributions:
1. Engineering.

2. Cathode material.
3. Anode material.
4,

Pump technology.
2048 2050
» »
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« YIDERWIN project

» This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 768788".

« “This study reflects only the author’s views and the Commission is not responsible for any use that may be
made of the information contained therein”
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