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Sir Jonathan Ive
Chief Design Officer, Apple

“The best design acknowledges that you

. . “The only wa make the MacBook P
can't disconnect the form from the material. y way 1o make the Macbook 7o

unibody was to machine it from a single

L ) iece of aluminium?!
The material informs the form. P
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— ed aluminium rain

anels, lasting for decades”

NORMAN FOSTER
Foster + Partners
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“The use of aluminium...brings “...the material of choice”
benefits in terms of:

weight savings,

« improved fuel efficiency,

* lower emissions,

» increased crash safety, and...

« Dbetter vehicle dynamics”

ERE
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“Aluminium allows Bombardier to manufacture low wei
thus reduce environmental impact, with a higr

Guillaume Rétaux
Director Strategic Sourcing
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Dismantling of
iIntegrated value Increasing demand
chain from customers for
responsibly sourced

The industry must aluminium
demonstrate that...

1. it produces responsibly, by mitigating environmental impacts and
positively impacting the communities in which it operates;

2. its products bring a net benefit to society in terms of reduced
environmental impact; improved quality of life, health, safety & wellness
and economic growth;

3. at the end of product life, the value of the metal, the energy that went
into its production and the resource inputs are retained and realised as
another product, through collection and recycling or energy recovery.




Greenhouse Gas Emissions

* All sectors:

* Approx. 50 Gt CO,e in 2010 *
* [likely ~60 Gt CO.,e in 2018 ]

* Aluminium industry (cradle to gate):
«1GtCO,ein20181

Source: * IPCC 2014, T 1Al




Source: IPCC 2014, |Al

LUMINIUM ...of which
aluminium ~1%

Electricity and
heat production w Energy
25% 1.4%
e
Buildings
06.4%
...of which
aluminium <1% — Transport
Transport 0.3%
14%
Buildings
12%
Energy AFOLU
0.6% (agriculture, forestry.
and other land use.)
0.87%

Direct emissions Indirect CO, Emissions




Vehicle light-weighting

1 kg of aluminium, replacing heavier materials in a car or
light truck, can save 20 kg of CO, over the venhicle life;

Similar number for electric vehicles in coal-intensive grids
such as India and China;

Up to 80 kg CO, per kg aluminium used in trains;

The 20 million tonnes of aluminium shipped to the
transportation sector every year could save half a billion
tonnes of CO, and over 100 billion litres of crude oil.
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Building applications:
durability matters

100%
90%
80%
70%
60%
50%
40%
30% |
20% |
10%

0% |

Global warming Ozone depletion Smog Acidification Eutrophication Fossil fuel
depletion

Window Frame Assemblies |

& Life Cycle Scenarios

Aluminium,51 Ty, 51 Ty od/metal, 51 Wood,51
B pjuminium,s2 ™ poyey 5o ™ ood/metal, 52 ™ Wood,s2
- Aluminium, 53 - Wood,S3

Source: KleranTlmberIake Research Group/IAI

-14, 2019 + San Antonio, Texas, USA
lalMeeting + www.tms.org/TMS2019




kg CO,-Equivalents

o
a
==}

=1
.
@

e
o
=

e
.
%]

=
.
=

o
o
&

o
o
&

o
o
=

0.02

0.00

Protective packaging

Espresso

Black Instant
Coffee

Black Coffes White Coffee
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White Instant
Coffee

Black Coffee

White Coffee

Black Instant
Coffee

White Instant
Coffee

100%

90%

80%

T0%

60%

50%

40%

30%

20%

10%

0%

O Milk

O Hot Water
(Brewing)

H Transporis
(roastery
to household)

O Retail Packaging

W Coffee
Production




ALUMINIUM DEMAND
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Semis shipments per annum

m Other

m Consumer Durables

m Machinery & Equipment

u Electrical

m Packaging

m Building & Construction

Transport

2040

Source: Al
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Three quarters of all aluminium ever
produced is still in productive use

* 1.3 billion tonnes produced since 1888
* One billion tonnes still in use

* A positive recycling story but...




...more significantly a story of

 Demand growth
* For light, strong, conductive, protective products

e 800 million tonnes produced since 2000

* Durability

* Long lifetime products not yet reached the end of “First Life”

» Long lifetime products tend to have high recycling rates (>90%)




Primary continues to dominate supply

I ETIETIETY
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Semis demand

m Required Primary

% m Recycled (Old) Final product demand 30 80 140
% 120 = Recycled (New)
& 100
5 Recycled aluminium 12 31 70
g 80
I= ...of which “old” 7 18 50
2 60
40 ...of which “new” 5 13 20
20
0 | Primary required 25 64 90

Source: Al

h1C -14, 2019 * San Antonio, Texas, USA
ualMeeting * www.tms.org/TMS2019




RAW MATERIALS




™
/’T.“‘-“\I‘ v VO N\NLL/
P

’a&w ALUMINIUM
Global bauxite demand
* + 50% by 2040;
« Additional 150 Mtpa;
0 * China ratio 60:40 domestic to
£ imported to reverse (40:60);
S  Fast growing regions of supply
= bring risks
* supply,
 political,
* environmental,
* reputational. Source: IA]
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Sustainable Bauxite
Mining Guidelines

ST ARIEE

ERN

201845 H

£ SR VVORLD
%/ ALUMINIUM

AUSTRALIAN

ALUMINIUM
cccccccccc

Sustainable Bauxite
Mining Guidelines

First Edition
May 2018

F5R WORLD
ALUMINIUM

AUSTRALIAN
ALUMINIUM
COUNCIL LTD

Panduan Penambangan

Bauksit Berkelanjutan

Edisi Pertama

Maret 2018

AUSTRALIAN
ALUMINIUM
COUNCIL LTD
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What is included?

Community

assessment Health &
& safety

contribution

Environmental
assessment &
performance

Sustainable
mining Governance
practices

j.ﬂ- , 2019 « San Antonio, Texas, USA
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Guideline use

Theory and how
itappliesto
bauxite mining

Sustainable Bauxite Mining Guidelines

7.F Greenhouse gas emlssions and energy consarvation

Bauxite mining consumes a rolatively small amaunt o cnergy, and consequently has low
greenhouse gas emissions compared to ather parts af the aluminium life cycle. The global average
rgy cansumplian is loss than 100 MJ per tenne of bawsite, with each tonne of bawite having ta
e Mpsporied on average 50 kilamatres fram the point of extraction to the shipping point or local
refinary stockpile - additional data and context is pravided in Bausits Indusiry - Key Facts. Bauxite
mining emits, on averaga, lass than 50 kg CO; per fonne of bauxite produced. Howevar, there ara
greenhouse gas emissins associaled wih the temporary remaval of vegetafion prior fo the
astablishmant of a mina - diesel fual and fuel ail combustion pravide mast (85%) of the ancrgy
required ko exiract and haul the mined ore. Key sources of greenhause emissions are:

+ The ansite ganaration of electricity ffar cxameke diesel-frad power statian];

+ Dissal usad in heavy mabila squipmant for mining and haulage; and

+ Vogotation clearing prior te mining.

Despita the rolatively law cansumptian of enargy, the i ion of energy efficiancy

has the dual banefil of reducing operational house gas emissions whilst improv v

and reducing casts, thareby making the bauxie mine more sustsinable. Aecommended anergy
i include the i

Carrectly sizing motors and pumps and using variable speed drives in applications with highly
varying load reguirements.

) 149
° OS an onts
. Using larger, mers encrgy efficient mining equipment and trucks:
+ Using advanced truck dispaich sysiems fo oplimise truck cyche fimes ard reduce idling and
« Key risks

Imgraving main‘enance af mining and fransgar aquipmant; and

. . . ing average haul di by iing lacatiora of tenaticiation plants and
° M I I I n In addition, depending an lecatian, a changing climate may create risks for a bausits mining
aperation. Thaze risks may include long-tarm changes i rainfall paftarns, shangas in the frequancy
af droughis or flaads, and changes in the frequency of sevars starms [ncluding cyclones). Such

affacts may razul in i ard in water availability, changes in the frequancy of faad
and starm damage fo infrastructura, and frarsport disruplion affecting supply chain raliability.

Bauxite mines in vulrerabla regians should assess haw thase risks noed to be considered in
planning. There may be a reed, for example, ta construct more water storages, alter design
standarcs for tailngs dams, aker flaad immunity standards for transport infrastructure, or change
amargancy rasponsa pracedures. Lessans laamt fram such assassmants might be able to be usad
to assist a host community in adagting ta change.

Sustainable bauxite mines should:

+  Optimisa their anargy usa ta achieve environmental and ecanamiz banafits;

aperation and host community and mitigate those risks whara possible.

/v +  Consider how lang-term changes in rainfall patterns and severe waather events may affect the

Bauxite specific _—
guidelines

Sustainable Bauxite Mining Guidelines

Case study — energy generating ransport at Jamalen, Jamaice
In 2007 Jamalge Cperations {formerly Alooa) installod a sustainable saluian to transpart bauxite 5.4
kilmetres from the Maunt Olighant bauxie mine o a railway stafion before the bauxite is railed ta
the Clarenden alumina refinery. This is dane using a rape conveyar system which moves bauxite
thraugh mountaincus tarrain, In addiion to transparing bauxite, the systom genIga approximatcly
1,204 «W of alectricity per haur, which is used to pawer the mine and is alsc fod back g Jamaica's
pawer natwark. From this, Alcoa saved approximately USS1.5 milkan in energy costs in

yoars.

The rape canveyar cansists of a beft with corrugated side walls and intograted wheel sets running
an fixad track rapes guidad aver 11 fowers and driven by twa AC induction maters {Figure 7.13). As
the convaying system is loaded with bauxite and begins its descert, the drives begin aperating in
continuous beaking (regenaration} made. generating the electrical pawar. In adéitian to providing an
alternative enargy source, the system provides othar envirenmental benafits, including:

The corvayar oparates mid-air, minimising space recuirements and easily crossing abstacles an
the graund;

It is quict. dustfree and has o small faatprint, using less land than road transport and

Switching to the rope conveyar system saves 1,200 truck jourmoys a day, along with tha
assaciated greenhouse emissions, noise and dusi.

Figure 713 Canvayor at Jamaleg, Jamaica

14, 2019 : San Antonio, Texas, USA
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One or more
case study per
section;
practical
examples
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SPL and bauxite residue

Annual generation Cumulative bauxite residue

250
Spent Pot Lining (SPL)

m Bauxite residue
200

150

100

Million tonnes
Billion tonnes
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B AR S T, Bauxite Residue Manajemen
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BT R Management: Residu Bauksit:
Best Practice Pelaksanaan
201548 A Tindakan Yang
July 2015 Terbaik

2015
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Optimal strategy for a site at
a given time;

Not “one-size fits all”; Risk
Approaches evolve to Management
accommodate innovations;

] Residue Regulatory
Best available technology, composition framework

appropriate to local, national
and regional circumstances.

0-14,2019 « San AntoﬁiﬁiMS.USA q
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ENERGY AND GREENHOUSE GASES




Growth of primary production

70 m Estimated Unreported

60 m Oceania

m South America
50

® North America

40
m East Europe (inc Russia)
30 = West Europe
20 mGCC
m China
1
I I Asia (ex. China)
— — —— I I I I

1990 1995 2000 2005 2010 2015 2018 m Africa

Million tonnes primary aluminium

o

Source: Al

B . |
110-14, 2019 : San Antonio, Texas, USA
ualMeeting * www.tms.org/TMS2019



A VVORLD
" ALUMINIUM

Electrolytic energy intensity reduced by
over 15% since 1980

kWh (AC) / kg Al
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1980

1985 1990
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Globally smelter power is now 60% coal-fired

900

800

700
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TWh

500
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300

200

100

0
1980
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# Estimated
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m Other
renewables

m Qil

m Gas

m Nuclear

Coal

m Hydro




t CO,e / tAl

25

20

15

Carbon footprint
primary aluminium cradle-to-gate

® Transport

. ®m Thermal Energy

. ® Ancillary Materials

. Direct Process
- I . m Electricity
i i

World China Australia Europe GCC Canada
Source: IAl, GaBi
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|Al Member Company Low
CO, Market Offerings

RenewAl

A\\OW

¢

Alcoa
Introducing SUSTANA™

SUSTANA™ improves tl

and your customers e

B Aluminium
Stewardship
Initiative

asS
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Primary product

2040 scenario
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Million tonnes
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Primary production

2040 scenario

1965
1970
1975
1980
1985
1990

arch 10-14, 2018 - San Antonio, Texas, USA

eeting * www.tms.org/TMS2019

1995

2015

2025

m Rest of World

m Other Asia

m North America
mGCC

m Latin/South America
®m Japan

Europe

m China

Source: Al



Source: IAl, GaBi

Total GHG emissions

Historic 2040 Scenarios (90 Mt Al)
1,600
1,400
Q, 1,200
@)
O 1,000
[0}
Q
E 800
S
S 600
= 400
200
0
2010 2015 2018 New coal New gas New hydro 1/3 Mix +Inert
Anode
m Bauxite © Alumina m®Anode production = Smelting direct ®m Smelting electricity ® Smelting other indirect Casting

1E WC
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2040 baseline scenario

50% increase in semis demand from today;

Increased recycling rates only offer limited potential,
due to long life of products;

Scrap quality also an issue;

Primary aluminium will continue to meet the bulk of
metal demand, at least until mid-century;

90 Mt primary required (65 Mt today).

h 10-14, 2018 + San Antonio, Texas, USA
eeting * www.tms.org/TMS2019




Increasing risks

Raw materials supply and waste management;

Significant range of greenhouse gas emissions, primarily
a function of power mix;

Location of new smelting capacity uncertain, but likely
fossil fuelled power;

Some companies are already marketing “low impact”
aluminium in response to customer demands.

-14, 2019 * San Antonio, Texas, USA
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Dismantling of
iIntegrated value Increasing demand
chain from customers for
responsibly sourced

The industry must aluminium
demonstrate that...

1. it produces responsibly, by mitigating environmental impacts and
positively impacting the communities in which it operates;

2. its products bring a net benefit to society in terms of reduced
environmental impact; improved quality of life, health, safety & wellness
and economic growth;

3. at the end of product life, the value of the metal, the energy that went
into its production and the resource inputs are retained and realised as
another product, through collection and recycling or energy recovery.




160 m Required Primary
m Recycled (Old)
= Recycled (New)

Semis demand (Mt Al)

S A R S S,
7 Source: |Al
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