Trender och forskning inom
metalliska material — en
overblick
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(nagra) Aktuella trender och fragestallningar

* Fossilfri tillverkning

« Materialforsorjning/cirkularitet

* Elektrifiering

« Artificiell intelligens/digitalisering
 Additiv tillverkning

» Avancerade materialmodeller
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‘Fossilfri tillverkning
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HYBRIT — Successful pilot trial of 100% H,-reduced DRI/HBI

June 21, 2021

SSAB



SSAB — First pilot delivery of steel made from HYBRIT-DRI/HBI

Aug 18, 2021
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“Varmningsforsdk med vatgas hos Ovako
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MNu beslutad investering

 Control system reprogrammed
with H2 parameters

— Allows simple and fast switch between
H2 or LPG/NG as fuel

* Two energy systems,
completely redundant from
each other
— Atool for true electricity flexibility
— Down to frequency regulation levels
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Ovako’s Roadmap: CO, emissions, scope 1&2
— Tonnes COZ2e, all production, fixed volume (2020)

Tonne CO:
Scope 1&2

v

401 000

-55%

» Non-fossil electricity

* Furnace conversions

* Process and energy efficiency

* Upgrade and change
of techniques

* Optimization of furnaces

e Energy efficiency district
heating, steam

2015 Act

-80%

e Internal transport

e Rolling mill furnaces
conversion to hydrogen

e Heat treatment furnace
conversion electricity

e Fuel conversions steel mills

e Efficiency internal flows

* Improved yield

* Energy efficiency district
heating, steam
e Process and energy efficiency

v

2020 Act

-90%

e Process emissions steel mills
e Efficiency internal flows

80 000 e Improved yield !
* Process and energy efficiency l
» Other to be identified
2030 target 2040 target
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Materialforsorjning
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Kvotplikter Forandrad efterfragan

« EU staller krav pa andel atervunnet * Mera avancerade material med storre
—Aluminium har tidigare anvant jungfruligt spridning i legeringssammansattning
och atervunnet i olika tillampningar . Edrandrad konkurrens om ravaror

—Massing har krav pa blyfrihet — men all
massing i bruk idag innehaller bly...

— Stal riskerar obalanser pa skrotmarknaden

Cirkularitet - sparbarhe
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Elektrifiering
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1,Utmaninqar elektrifiering:
O

Materialtekniska Marknadsmassiga Ravarutillgang
» Okad el-effektivitet  Vardekedjorna  Batterier och motorer
—Tillverkning och bearbetning ~ forandras i takt med behover andra metaller
av elektroplat komponenterna . Ricker strommen?

e Transmissioner
—HoOga varvtal, litet utrymme
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Figur 1. Férvantad global tillvaxt av efterfragan for utvalda metaller och mineral till 2050
Litium, sallsynta jordartsmetaller (REE), grafit, indium, kobolt bland de metaller och mineral med storst forvantad tillvaxt till 2050.
Koppar ar den storre metall som forvantas vaxa mest.

@ Hogre osdkerhet (™ Lagre osdkerhet

Framtidsutsikt — genomsnitt av existerande prognoser®

Global produktion 2018 Historisk tillvixt 2008-2018  Tillvaxt till 2030 Tillvaxt till 2050
Tusen ton primarmetall per ar Procent Procent Procent Osékerhet?

25
75
47

Jam (Fe) 1340 000
Aluminium (Al) 62 700
Krom (Cr) 40 800
Koppar (Cu) 20 600
Zink (Zn) 12 400
Titan (Ti) | 4800
Bly (Pb) | 4 800
Kiselmetall (Si) | 2 870
Nickel (Mi) § 2 233
Grafit (C) §1 000

188
74
15
73
325 N/A
212

494

Molybden (Mo) | 276
REE?® | 196
Kobalt (Co) §168

300

Litium (Li) 117
Vanadin (V) |84

Silver (Ag) |28

Indium (In) |1

PGM¢ (0,5

468 327

304

PCe 0O b &

1 Genomsnitt av framtidsprognoser fran litteratursckning, i s& stor utstrackning som majligt kopplade till 2-gradersmalet och med cirkularitet.
2 Osakerheten reflekterar skillnaden i efterfraga mellan prognoser.
3 Sallsynta jordartsmetaller (Rare Earth Elements).

4 Platinagruppens metaller.

Kalla: Svemin



“Artificiell intelligens
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SIMULATION FOR PROCESS ANALYSIS @

DETAILED SIMULATIONS

Typically by defining the machinery.

Need to choose a resolution of reality.
Simulation usefulness:

Forecasting and prediction.
Causal analysis.

Influential factors.

What-if scenarios.

Creating new data sets.
Training.

UNIVERSITY
SIMULATION CHALLENGES [0 -80i

Abstractions. Approximations.

Unknown unknowns.

Fidelity, true representation.
Typically high-resolution simulation slow to run.
Small errors in simulation model design or initial

simulation values can destroy the validity of the
expressed behavior.
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TWO ROLLING PROCESSES

UNIVERSITY
OF SKOVDE

OUTOKUMPU OVAKO
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COMPLEX PROCESS OPERATIONS {E8y

DEEP LEARNING

Captures non-linear complexity from
large data sets.

Non-linear dynamics learnt can control a
process [Shi et al 2019].

Can we use this for an Al-driven machine
simulation.

<

UNIVERSITY
PROJECT NOVELTY OF SKOVDE

Context is everything.

Expected behavior is not the actual behavior.

Detailed data logs expresses time-wise behavior.

Mimicking context—dependent machine reactions.

Executing the simulartion.

Tries to capture an emergent phenomena without
having all constituent parts. Already known sub
systems can be integrated.
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Fortsatta utmaningar Al/digitalisering
 Data — finns mycket, men svart att anvanda
 Organisering

* Integrerad kunskap

» Datasakerhet
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Source: Velo3D

Source: Digital Metal
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Additiv tillverkning - industrialisering

* Positiva prognoser: 2019 ars volymer vantas vara dubblade till
2025 och femdubblade till 2030

* Trog industrialisering. Kundernas fortroende inte "dar” annu.

« Omraden i fokus just nu:
—"Ekosystemet”
—Kvalitetssystem
—Pulver-, material- och processutveckling
—Miljo, halsa och sakerhet
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‘Materialmodeller
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Center for Mechanics and Materials Design, MMD

Research focus on developing a knowledge -
. ) . nowledge platform Research
platform with models of mechanical properties Structural evolution: grain size, anisotropy _—7

I I . microstructure, plastic elongation, creep elongation..... .
and materlals aS We“ aS |mp|ement|ng and :rodger;ies:tFatigZe, ductilitf, fracture p:)opertigesl Education
using FEM models in product and process reene -

_)( FEM model

development.

* Collaboration between Solid Mechanics and
Materials Science and Engineering, MSE, at KTH

« Established 200101

 Director: Annika Borgenstam, MSE ———

« Co-Director: Per-Lennart Larsson, Solid s e orvapa sk o
mechanics

« Coordinator: Carl Dahlberg, Solid mechanics




Multi length scale engineering approach

Atomic level simulation Continuum models

>

Phenomenological models Engineering design
CALPHAD

Fundamental models
Ab initio
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