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1 - THE ENERGY TRANSITION CHALLENGE —
SOME KEY DATA
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Total GHG emissions from fuel combustion per product, World

MtCO2eq
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Aluminium

Aluminium is both an important input to a number of technologies critical
to the energy transition, and a significant source of CO2, responsible for
about 3% of the world’s 9.4 Gt of direct industrial CO2 emissions in 2021.

Read more @

Direct emissions from aluminium production,
201
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Related topics
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re of GHG emissions and total energy supply by product, World, 2020 v
ear

2020

% About 80% of the used energy in 2020 was produced from CO2-intensive fuels,
only 20% of the energy was issued from low-carbon sources !
=> Low Carbon energy sources will be the bottle neck of the transition

GHG emissions

Total energy supply
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*Other renewables, e.g. hydro, geothermal, solar and wind
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Key facts & figures

Founded in 1981 European Aluminium represents the entire

value chain of the aluminium industry in Europe

? €40 =zillion Q 100+
-©

annual turnover Q members

90% 1 OTransport
0 of aluminium is recycled in 1 ildi
G) | vele L Building
construction and automotive in 0 Packagin
Europe S8
Approx. 600 plants in 30 OEngineering
European countries (EU, I Consumer durables
Europe produces EFTA, UK, Turkey, BiH)
6% of worldwide primary O
aluminium Ja)
ol AN An ljrmovatwe value chain serving EU key markets
_ _ _ end uses
@ 51% of European production ( )
/ h 1 million + Direct and indirect

comes from recycled sources _ , _
jobs across Europe’s value chain
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A thriving and complete
European value chain

More than 600 aluminium plants

-y

providing over 1 million high-value P, J,%” i

o opne (.

jobs & €40 billion to the European R %
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4./5/ ‘ \\J \)

B Alumina M Primary I Extrusion Rolling Recycling e e |
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* Source: European Aluminium Statistics, 2022 Job figure accounts for direct & in-direct jobs

e
\m«,\\ AN
L &
f \
R
O Turkey g
,a PM,WA
J F
/ Iraq g\

SN

\\\II//

111N

NS



The role of the Innovation Hub

Mapping R&D challenges

Focusing on pre-competitive topics tackling the main
technological challenges to advance a sustainable future in the Al
industry

Trigger research

In close collaboration with members, by initiating and facilitating
the development of EU funded R&D projects addressing the
Aluminium value chain

Engage with the EU Agenda

By highlighting to the members the Innovation Agenda and the

most relevant funding opportunities and by contributing to the

EU’s research agenda by acting as key stakeholder in the most

relevant European Public Partnerships (PPPs) [Process4Planet,
Made in Europe, Built4People]

Stimulating the connection between R&D and the Al
industry

Through the organization of thematic workshops, by targeting
calls and topics of key EU funding programs, by connecting
relevant research groups/technological providers with members
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Innovation Hub members: 18 companies and 3 MG
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THE INNOVATION HUB: secretariat

Christian Leroy

Director

Inn

oV

ation

Chiara Deffendi

Coordinator Innovat

Communication &
finances
Projects:
- FORMALUB

Francesca Cavezza

nnovation Pro

Konstantinos Kollias

Mar ar

ct Mar

Manufacturing & recycling Raw materials &
Projects : & Industrial Symbiosis
) Projects : )
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https://www.removal-project.com/
https://reactivproject.eu/
https://www.alsical.eu/
https://www.coralis-h2020.eu/
https://cordis.europa.eu/project/id/101092153
https://cordis.europa.eu/project/id/101003785
https://www.coralis-h2020.eu/
https://hyinheat.eu/
https://aluminium.matplus.eu/en/pub/home
https://www.spire2030.eu/sais

OTransport
40% Building
O Packaging
OEngineering

[0 Consumer durables

An innovative value chain serving EU kev markets



The base metal for the twin transition

Low carbon
energy-intensive M
industries b

is anything but basic. @i %

Renewable energy

Aluminium is the world’s most used non-ferrous base

metal. But with its attractive properties, aluminium

Mobility, transport &
Our sustainable, versatile material allows key sectors to automotive

European

decarbonise and achieve otherwise impossible outcomes Green

Deal
through its unique combination of properties and effects.

Aerospace
Construction & defence
Our metal can be found everywhere and serves 7 of the 14 8
critical ecosystems identified in the
; . —] A—
EU’s Industrial Strategy. Electronics Agri-food
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https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en

Aluminium demand is driven by the green transition

Extra aluminium required globally by 2050 compared to European aluminium demand for the energy
2020 (2DS, Base Scenario) transition by 2040*

Europe’s energy transition alone will require an increase of

30% compared to today’s consumption (2022).

Main Drivers:

)
LR

= £

*Eurometaux “Metals for Clear Energy” (2022) & Eurometaux “Agenda for a resilient
European metals supply for the green and digital transitions (2020)

§\II&4
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Aluminium in mobility

Aluminium’s low density, high strength-to-weight ratio, dimensional stability, corrosion-
resistance, formability, recyclability and crash resistance is a key driver of lightweight, safe
vehicles that contribute significantly to fuel savings and safety in transport.




Historic Regardless of vehicle production growth, the average aluminum Content Per Vehicle (CPV) has steadily been increasing in
Evolution of passenger cars since 2006 (time when Ducker started monitoring the CPV in the EU). With further lightweighting needs, | DUCKER

Alu(r:npicum electrification as well as a rising share of larger and premium vehicles, the CPV increase is expected to accelerate by 2026

Average Aluminum Content Per Vehicle (Net Weight)
For Passenger Cars 2006-2030 (kg per vehicle)

256

237/
205 kg Alu/car in 2022 =

Sources: Ducker; *CPV of 179 kg in EA study 2019 as second set of OE wheels was included

PUBLIC SUMMARY April 2023 - DUCKER CARLISLE LLC 14



Aluminum | Castings are by far the largest aluminum product form with 123 kg per vehicle, expected to reach 145 kg
Contentby | per vehicle in 2030. Strongest growth is expected from extrusions due to increasing penetration in EV | pucker

Product Form o
& Evolution | Specific, BIW and Brakes

Average Aluminum Content per Vehicle in 2022

205 kg Alu/car in 2022
Castings (+22 kg by 2030)

Remain the leading product form for aluminum
components. Decreasing powertrain, transmission
1 2 3 k and driveline components are overcompensated by:

Aluminum sheet demand continues its growth, driven * new EV components (e-drive housings, battery
by electrification and weight reduction targets, as well pack housings, high voltage device housings, etc.)
as product mix leaning towards larger vehicles. Growth CAGR 2022-30: * large and mega castings for body-in-white, and
mainly comes from: 2.1% shock towers

* EV Specific — primarily ballistic protection and * rising share of cast aluminum subframes

battery cooling plates

* Closures - especially front and rear doors

, 27 kg 10kg Forgings (+0.5 kg by 2030)
EXt rusions (+ 15 kg bV 203 0) e Least growing product form. Only applicable for
CAGR 2022-30: chassis, wheels and steering components
increasing penetration in: o * stable in wheels and steering
* EV Specific — battery pack housing  slightly increasing in chassis (for knuckles
*  BIW —mainly sills and CMS and 2-point links)
* Brakes - electric brake booster one-box-system

0.6%

The fastest growing aluminum product form due to

Sources: Ducker
PUBLIC SUMMARY April 2023 - DUCKER CARLISLE LLC 13



Aluminium in construction

Aluminium offers dimensional stability, high strength-to-weight ratio, corrosion resistance,
durability and recyclability. These key assets stimulate the development of products that
directly contribute to sustainable buildings, through natural lighting, energy savings, air
tightness and energy production through solar heating and photovoltaics.




An enabler of solar power

poy
Aluminium is the most used metal in solar panels. @
It can be found in the frame that holds the panel

together, the support structure that keeps it in . .
To reach the ambition of the EU’s Solar Strategy and increase

place, and the electrical wiring that connects the solar PV capacity by over 185% from 2022 to 2030 will

cells. It’s also used in the mounting systems that require 10 million tonnes of aluminium.

attach the panels to rooftops or other surfaces.

Ay,
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https://european-aluminium.eu/wp-content/uploads/2022/10/european-aluminium_aluminium-in-solar_position-paper.pdf

Aluminium in packaging

The unique intrinsic properties of aluminium — high formability, lightweight yet strong,
attractive metallic appearance, providing a total barrier to light, gases and moisture and
recyclability - make it a preferred packaging material for food and drink.




Aluminium in Consumer durables and electronics

y 4

—

Aluminium’s dimensional stability, light weight, durability, conductivity and recyclability are
key assets in making aluminium an ideal material in electronics and consumer durables,
particularly in premium products.




DESCRIPTION OF - T, 4

MAIN PROCESSES & " = @ 1.
PRODUCTION A ¢ 2
FIGURES L, T



The aluminium value chain

PRIMARY
PRODUCTION

BAUXITE
MINING

PRODUCT
MANUFACTURING

ALUMINA
PRODUCTION

SEMI-FABRICATION

SMELTING

A,
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Alumina production ﬁ“

Caugtic zoda and lims in oo —) Digestion

Water out J T Caustio Alumina
BAUXITE zolution solution
ST0Cx
STREN ——

1_ —'ﬂ Evaporation
e -ﬁ@ H 0
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Figure 2: Flowsheet of the Bayer process in the Mytilineos (formerly Aluminium of Greece) alu-
mina plant.
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Electrolysis

ANODE BEAM DRIVE

Alumina, Al,O;, dissolved in
TEET RIS TR molten synthetic cryolite,

: Na,AlF,, to lower its melting
point for easier electrolysis

Cathode:
: 4 AP+ 12 e- > 4Al
: |[ETEEL BOX SHELL]
: TEEL BOX SHELL Anode:

: 60> +3C—>3C0O,+12e-
-URRENT ||:

PASSING ||: Overall:
THROUGH| |:

e || 2A1,0,+3C =>4 Al+3CO,

: | [REFRACTOR Y BRICK INSULATICN

Electric energy consumption : 14-15 MWh /tonne of aluminium



Aluminium Electrolysis : Inert Anodes conversion

and Greenhouse gases reduction (Elysis project)

CO, emissions: CO, emissions:
1.76 tCO,/t Al (Direct) 0 tCO,/t Al (Direct)
co,

+ other GHG (CF,, CF,...)

400 kgC/t Al 0 kgC/kgAl

- m - P T T —— =" -

N T A R N A S N 7 J S B R N B R R . . [T T 1T 1 11

(T 1 LT T T T T TN T T TTTTTT] CT T T T T
N S - - - - - LT T T T T I 1|

Source: Rio Tinto

Indirect CO, emissions due to energy consumption are equivalent with both technologies.
They depends principally on electricity production source:
from O for hydroelectricity up to 12.5 t C0,/tAl for coal-fired power stations 29



Aluminium Electrolysis : Carbon Anodes

consumption and CO2 production

co,
+ other

GHG
(CF,,

CO, emissions:
1.76 tCO,/t Al (Direct)

400 kgClt Al e —

Click: animation

Source: Rio Tinto
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Aluminium Electrolysis : Inert Anodes in permanent

operation and 02 production

CO, emissions
0 tCO,/t Al (Direct)

Permanent
device

0 kgC/kgAl

Source: Rio Tinto
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Aluminium Electrolysis : Inert Anodes conversion

and Greenhouse gases reduction

CO, emissions: CO, emissions:
1.76 tCO,/t Al (Direct) 0 tCO,/t Al (Direct)
co,

+ other GHG (CF,, CF,...)

‘ Blumina =
! | — A — 0 kgC/kgAl

N I T S S R S S B 7 J S S R A A R R LT T 11 -
T T T T T T T TTT N TTTTTTTT] LT T T TTTTT
N S - - - - - LT T T T T I 1|

Source: Rio Tinto
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Direct-Chill Casting




Semi-production

break-down tandem
homogenization hot rolling cold rolling annealing

Figure 5-2 Main process steps in aluminium sheet production

DIE

EXTRUSION

Figure 7-2 Extrusion process principle and some aluminium extruded products



Recycling- remelting & Refining

Reverbatory furnace




Aluminium Sector in Europe*®, 2019

TOTAL = PRODUCTION + Net IMPORTS

BAUXITE ~3 Mt

* Europe= Former CIS excluded, except Baltic states,
Turkey included

1 Based on statistics (includes recycling from tolled and
purchased scrap)

2 Integrated automotive producers incl.

3 inventories not taken in account



Aluminium primary production (in kilo tonnes)

Chinese overcapacity: a looming threat to global markets

[ usa

[] Gulf States

75K

60K

45K

30K

15K

0K

1991

1992

1993

1994

1995

[] rest of the world
B china

1996

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

9%

27%

2020

2021

In 20 years, China’s primary
production increased from
around 10% to 60% of
worldwide production.

This growth is driven by

massive state subsidies,
which enable Chinese firms
to compete aggressively with

cheap, high-carbon products.

=
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Mapping GHG emissions of the Al industry in Europe*

*EU+EFTA countries

About 30 MT GHG/year**

Recycling:

0,5t GHG/t Al for 4 Mt Al /year
-> ~2Mt of GHG/year

(about 90% direct)

PRIMARY
PRODUCTION
l-!g‘l\
[

v 1
ALUMINA SEMI-EABRICATION

ECYCLING

PRODUCT
MANUFACTURING

BAUXITE
MINING

GHG emission MT/year

35
30
25
20
15
10

~30 MT

MT GHG /year
B Recycling
Semi-fabrication
Smelter

W Alumina

PRODUCTION SMELTING

Alumina: Smelters : Semi-fabrication
0,9t GHG/t Al203 for 7 Mt/year 4-5 t GHG/t Al for 4 Mt/year 0,5t GHG/t Al ofr 9-10 Mt Al/year

-> ~6Mt of GHG/year -> ~17 Mt of GHG/year => ~5Mt of GHG/year
(about 90% direct) (about 50% direct) (about 60% direct)

**Source: Environmental profile report for the European Aluminium industry, 2018

S\\Ii/,,
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GHG emission of aluminium Industry vs. other industries in Europe

Current greenhouse gas emissions of SPIRE sectors in the EU

35 MICOe
250 - 700 4
30
o 208 GO0 - 505
o 25 200 - ~ 60% of the GHG e Electricity-related
> .. Fipal emissions
E emissions of the 500 { N
104
- 20 150 - European non-ferrous 400 | |[(A7se) Frocess emissions
o .
2 1s ~30 metal industry
£ w00 { S 00 4
(]
Q Fossil fuel
5 1o MT 63 200 1 combustion
50 emissions
5 27 100 -
o 14
13 ==}
0 & jm & o -
Cement Steel  Chemicals Ceramics Mon- Minerals Water Total SPIRE-
MT GHG /year ferrous
metals
B Alumina Smelter Sources: VUB/IES, Eurostat, EEA, Material Economics, Global Cement and Cancrete 8 ™~ 595 of the GHG emissions
B Semi-fabrication B Recycling of the European process
Aluminium, anything but basic! Industry




GHG emission of European vs. global Aluminium industry

35 Aluminium Sector (million tonnes CO2e) — 2021 Update
30 20000
5 1182 1 Less than 3% of the GHG
(]
2 10204 emissions of the Global
=20 0> Aluminium Industry for
2 0 about 6-7% of the Al
24 15 .
£ 30 2005 2025 20 production
% 10 —Historical B2Ds =—1.5DS =—BAU
5 IAl GHG Pathways to 2050 (IAl, 2021), |Al Statistic (1Al, 2022)
0
MT GHG : . - .
fyear Carbon footprint of primary Aluminium production in Europe:
= Alumina smelter e 6,7t GHG/ t Al (vs. 17 t GHG/t Al for global average)
= Semi-fabrication M Recycling « Almost 3 times lower than global average

Aluminium, anything but basic! AT\



Al Greenhouse Gas Pathways to 2050

Data driven approach Industry data & input

Establish the sector baseline ) Top-down scenario analysis — [EA

Consider the different positions Identify variety of pathways

l

5 700 million 300 million <100 million
2010:

1.1
billion ®
tonnes Im
of CO,e

Electricity Process & Thermal Ancillary & Transport

‘ INTERMNATIOMNAL
. . ALUMINIUM
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5.
2050 SCENARIOS &
KEY TECHNOLOGIES



Al Emissions Scenarios

Aluminium Sector (million tonnes CO2e) — 2018

2000 15121556
1500 1095 1182 1285 1426
1000 /\/./'t TUZU'4O
440
500
00 120
0 —239
2005 2015 2025 2035 2045

—Historical B2Ds —1.5DS —BAU

IAl GHG Pathways to 2050 (IAl, 2021)

24

mﬁ% INTERNATIONA
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GREENHOUSE GAS EMISSIONS REDUCTION PATHWAYS

Pathway1 Pathway 2 Pathway 3 )

Electricity Direct Recycling @é"f"

decarbonisation // emissions & resource B,

potential \ potential efficiency o
potential

BAl = 0.9 Gt COe BAU = 0.65 Gt CO 2:e** BaU = 0.9 Gt CO.e avoided

B2D5=11 Gt CO.e avoided

BzD5-=0 Gt CO& B2DS5=0.25Gt CO,e

10

on on
02 02 &) & ® o9 ® [ ]
oa a8
a7
e fur
08 as
10 ey B N -
12 LAY (-0.5 Gb) -15% -15% 2:' 0.2 Gt e
14 14 -0. -0.2 Gt) 0.04 Gt :
16 16 op N ——
Zero Carbon Energy Carbon Inert Refinery & Mear100%  Elimination Elimination
carbon capture, efficiency capture, anodes casthouse end of life of pre- of all metal
electricity utilisation utilisation electrification/ collection consumer losses
& storage & storage fuel switching and alloy scrap during
(CCUs) (CCUs) sorting casting and
recycling
GE® GE® (G-GCE® EE® E® ©G-CEe® G®-GE® GE® CE®
Aluminium, anything but basic! _45 |\\\"3



*EU+EFTA countries

Key decarbonisation technologies along the Al value chain

Legend

H, /low carbon
fuel, electric
furnaces

Recycling :
-> 2Mt of GHG/year
(about 90% direct)

Bayer process:
Electric boiler,
Mechanical Vapor
Recompression

Key technologies to
reduce GHG emissions/
improve efficiency

Calcination:
Electric & H,
furnaces, CCU/CCS Maximising
circularity :
collection, DRS,
dismantling,

sorting, etc. PRODUCT

MANUFACTURING

BAUXITE
MINING

ALUMINA
PRODUCTION

H, /low carbon
fuel, electric

SEMI-FABRICATION
—

Alumina
SMELTING

-> 6Mt of GHG/year furnaces
(about 90% direct)
Smelters: Renewable electricity, inert Semi-fabrication:
-> 16-18 Mt of GHG/year anodes, H,, CCU/CCS, -> 5Mt of GHG/year 2y,
; ! . Mz
Aluminium, anything but basic! (about 50% direct) alternative production routes... (about 60% direct) oS




Innovation Hub: Legend

. . . . 10 on-going
Seeding collaborative projects along the value chain
CORALIS* L past
(2020-2024) projects
L METABUILD*
AlsiCal* (2023-2026)
/
s A
PRODUCTION
SALEMA*

RECYCLING ‘- (2021-2024)
> -
-

PRODUCT
MANUFACTURING

RemovAL* FORMALUB
(2018-2023) S;g’g::‘é‘\TION SEMI-FABRICATIO (2019 - 2023)
SMELTING H2GLASS

ReActiv’ (2023-2026)
(2020-2024)
*EU H2020 or Horizon Europe projects m (52A0|:0— §Z|2R4E) w \\\II//
| ' 47 1\
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HylnHeat- Decarbonization of heat processes by Hydrogen o

Title : Hydrogen technologies for decarbonization of industrial heating
processes -
Main objective: demonstrating how to adjust reheating and melting
furnaces and heating equipment to H, as sole fuel in combination with
air, oxygen enriched air (OEC) and 02 (oxyfuel) combustion in existing
(retrofitting) or new greenfield installations, focus on an increase in
energy and resource efficiency, safety, environmental and economic
aspects.
Coordination: RWTH (28 partners)
Sectors involved: Aluminium, Steel
Al industry: Befesa, Speira, Mytilineos, Constellium
Total budget: =~ 24M €, 18 M€ funding
Role of European Alulinium:
* Dissemination/Communication within the Al
sector (including fostering cross-fertilization and organization of
thematic workshops)
* Analysis of policy and regulatory frameworks
*  Supporting LCA studies (providing data and revising Al-
related processes)

Aluminium, anything but basic!

HylnHeat

HylnHeat was kicked-off on
31 Jan-01 Feb 2023 in Aachen (RWT

-

A
/


https://hyinheat.eu/
https://www.linkedin.com/company/hyinheat/about/
https://twitter.com/HyInHeat

H2GLASS - advancing Hydrogen (H,) technologies and smart
production systems TO decarbonise the GLass and Aluminium SectorS

EU H2GLASS project aims to: i) create the technology stack Unique features:

that glass manufacturers need to realise 100% H, combustion * 5 on-site industrial use-cases (representing 98 % of EU glass production)
in their production facilities and ii) a demonstrator for the + 1 replicability demonstrator in cast house (Hydro Havrand)
aluminium industry to prove the transferability of the * 100% green H, supply through a portable electrolyser

technological solutions and underlying models to energy- * Application of digital twin technologies/development of smart
intensive industries (23 partners/8 countries, 23 M€ EU production processes for predictive maintenance and easier monitoring

Contribution). of the system

On 24-26 January 2023, H2GLASS was kicked-off in
Ljubljana (Slovenia) and the attendees had the
opportunity to visit the premises of Steklarna Hrastnik

» European Aluminium is actively involved in Dissemination & Communication, regulatory framework analysis/formulation
of harmonised industry recommendations and Life Cycle Assessment aspects

7N
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https://cordis.europa.eu/project/id/101092153

Conclusions

* Aluminium is a key enabler for the energy transition and decarbonisation
But its primary production is energy and GHG intensive.
To satisfy the 2050 GHG targets, drastic reductions of GHG intensity are
needed
Three main routes are used :
o Decarbonisation of the (consumed ) electricity
o Decarbonisation of the processes, i.e. inert anodes, electric furnaces or
low carbon fuels
o Maximising circularity potentials via better/smarter post-consumer
recycling routes
The Innovation Hub of European Aluminium is a collaborative platform
promoting/developing projects addressing those challenges.
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