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Twin roll casting machine,
invented in 1846

Telescope

S.S. Bessemer Saloon Steamslip found
investors who stumped up some
£250,000. The resulting paddle steamer
measuring 350 ft (106.6m).

The gyroscopic apparatus powered by a
dedicated steam turbine had been

designed and patented by Henry Bessemer;}
himself. |
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Henry Clifton Sorby (1826-1908), FRS, Sheffield microscopist,
president of the Royal Microscopical Society and elected presiden
Firth College

Etched castiron;  The first optical microscopy
iron armour of metallic samples
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Steel making in Rotherham/Sheffield

SteelPeech& Tozer,Icklesworks, 1890

Jbritainfromabove.org.uk/image/EAW024154 © Historic England

The SteelPeechand Tozer
University of TempleboroughSteel Works,

hefﬁeld Templeborough 1949




Our long proud history of steelmaking in
Sheffield/Rotherham - which molded my early years

Templeborougkthe first UK site
for a special steels billet caster in
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World CG
emissions by
sector

Metals production
consumes about
5% of global
energy use and is
responsible for
40% of industrial
greenhouse
emissions
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Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).



An OECD forecast suggests that consumption of most raw
materials will double by 2060 Million tonnesworld crude steel production
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The Sustainablility Challenge o

TATA

World steel consumption Ambition to cut CO, emissions
will double by 2050 by 50 % in 2050

This means that the metallurgical (and generally the materials) sector cannc
exclusively built on circular economy principles, simply because there is n
enough scrap and waste material available

University of
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Periodic table of the element abundance

Rising threat Limited . Plentiful D Synthetic . From conflict D Elements

from availability, Supply minerals used in a

increased use future risk to smart phone
supply

A Uni v of Figure reproduced from the European Chemical Society under a Creative
- % qiversity o Commons Attribution license, 2022
Sheffield




Automakers utilise

advanced high-strength steel

- boasting up to 2,000 megapascals
strength - to lighten vehicles and reduce
energy requirements for both internal
combustion and electric vehicles (EVs).

Substituting advanced

Steel has e
changed more
rapidly than
o car any other
= material on
this planet and steel materials,

used in the tower, nacelle and
rotor. An average of

A wind turbine is

Automakers i e
|

Choose StEEl are required for a typical

for EV body structures for 4 MW onshore wind turbine.

its lightweight nature, safety Significant amounts of steel are

features, battery protection, also used in the foundation.

and affordability.
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m The future of steel is changing
uk rapidly

The Manufacturers’ Organisation

AGovernment has targeted a 95% emission reduction from
steelmakingby 2050

ANew Net Zero steel production will increase electricity use, but
Industrial electricity prices are a key(1 barrier, as UK steelmakers
e

currently pay almost 60% more than their Europeancounterparts.

AUK demand for steel is expectedto grow by 203Q presenting an
opportunity to reindustrialiseand creategreenjobs.

AAnyroute to Net Zero stee_lmakin%gr_nust Include creating a market
for'Net Zero steel, ensuring that imported, high-emission steel
doesnot undermine domesticinvestment

AGlobally,a long way off decarbonisedsteel production
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more sustainable:

1)Green steel is defined as steel manufactured without fossil fuels.

2)Switch to green steel production includes:

ABetter collection and sorting of scrap.

Almproving recycling of intensely mixed scrap where element recovery is
very challenging.

AChange alloy _desi?n to make materials compositionally more robust and
thus better suited for recycling

3)Itis n_otg_ust the removabf fossil fuels in production, but also the
substitution of less sustainable alloy additions by more sustainable

ones
4)Reuse of steel, extra longevity
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Major investments In the UK i

J.

ATata Steel and the UK government announced a proposal to invest irostate
the-art Electric Arc Furnace steelmaking at the Port Talbot site with a capit:
cost of £1.25 billion inclusive of a grant from the UK Government of up to
£500 million. The largest investment in the UK steel industry for decades.

AUsing electric arc furnace technology, Tata Steel could reduce carbon
emissions from its Port Talbot site by 5 million tonnes a year by 2030
equivalent to the carbon footprint of almost 2 million homes in the UK
(almost one in ten of all homes in England and Wales).

ABlast furnace No 4 closed on 2$eptember 2024EAF some way off, large
Job losses
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Major investments in the UK STEEL

ABritish Steel unveiled ambitious plans for the biggest transformation
In its history¢ a £1.25billion proposal to become a clean, green and
sustainable business by adopting electric arc furnace steelmaking.

AThe new furnaces could be operational by late 2025 and would
replace the aging iron and steelmakirmgperations in Scunthorpe
GKAOK I NBF NbalLkRyaiaofS F2N i, KS gl
emissions.The company proposes maintaining current operations
until @ transition to electric arc steelmaking.

/Y University of

Sheffield

/\‘



" FN=KLE=FL AF #MJ GH—(,,\‘A

A 9/14/2023 - Voestalpine has broken ground ona  EUR450 million electric arc furnace (EAF) at its
Donawitz plant in Austria, the first of two that the steelmaker will build, the company has said.
The plant will be capable of producing 850,000 metric tons of steel annually, and commissioning is to take
place in three years.

A 10/26/2023 - The European Commission and the Italian Ministry of Enterprises are throwing
support behind a research project that aims to establish a fully hydrogen -fuelled steelmaking
plant . The pilot facility, which is to open in 2025, will include a direct iron ore reduction (DRI) tower, which
will use hydrogen as its primary reducing agent, as well as an electric furnace and a reheating furnace.

A 7/20/2023 - The European Commission has signed off on EUR2.85 billion in state aid  that will go
to decarbonization efforts at thyssenkrupp and ArcelorMittal . The funding consists of a EUR550
million grant to thyssenkrupp, along with a conditional payment of up to EUR1.45 billion. The funding will
support a direct reduction plant and two melting units.

A 6/2/2023 -SSABAs board of directors has gr eledritdrcgumnbcedt constr
its Oxelosund mill, a SEK6.2 billion (US$575.6 million)  investment that is projected to reduced
SwedenAs national CO2 output by 3%.
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Microstructure determines properties . But there are

massive length scales involvedhanges at the atomic scale

determine properties at the macroscopic scale
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Steels In automotivea major success story!

high strength, low weight
components for

automotive applications University of

Sheffield
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Increase In carkerb weight -carsin Europe
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Sorurce: Handelsblatt Tagung, Stuttgart, 3.-4. Juli 2007 Evolution und Trends im Automobilbau  2009-24-03 8
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DESIGNING ALLOYS for RESOURCE EFFICIENCY



The need to invent new steels with higher strength
Automotive steels increased in strength by ~100MPa per year
over a decade
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