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Transport
38%

Engineerin

g
14%

Building
25%

Other Packaging
7% 16%

Building and transport are main end-use market for the aluminum products in
Europe, each with around 1/3 of the total. The remaining part goes into
applications such as electrical and mechanical engineering, office equipment,
domestic appliances, lighting, chemistry and pharmaceuticals.
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1 R T — Al applications

Transport
38%

Engineerin
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Building
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Other Packaging
7% 16%

Building and transport are main end-use market for the aluminum products in
Europe, each with around 1/3 of the total. The remaining part goes into
applications such as electrical and mechanical engineering, office equipment,
domestic appliances, lighting, chemistry and pharmaceuticals.
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* Altminum production & manufacturing |11

Aluminium is the metal of the future

« Lightweight » Formability
= 1/3 density of steel - Extrusion, rolling, casting
« Low melting point vs. stesl

» Excellent conductivity
« Tharmal - electrical

+ Recyclability

* 5% of original energy consumption

+ 75% of all alumminium produced still in use
+ Alloying technology

+ Corrosion resistant : % = =
« Gives wide range of physical properties

+ Ouide layer
Properties lead = Aluminium intensive urbanization and infrastructure
to Increased « Climate challenge — aluminium as part of the solution

market share « Recyclability more important with high energy prices

(
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T Sppications & Advantage:

Aluminium contributes to a better life — driving
long-term demand

Lower GHG emissions
through lighter vehicles
and buildings and through
its recyclability

Bringing energy
efficiency for cities and
buildings in an energy
constrained world

Preserving food
and medicines

through its unique
barrier properties

2016March 28

Climate chang
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L Raw material-Bauxite
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Percentage of werld production (left) and veserves (right) of bauxite '

13% 8%

W Guinea
Australia
Viernam
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W Brazil
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W China

8 Others

30%

14%
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Watet is removed and the hydrate is

reerystallized to alumina
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L R material & Energy

Aluminium
Raw Material Alumina | Carbon | Cryolite Fluoride Energy
Theoretical
Consumption (Kg per 13460 KWH/t-
Ton of Aluminium) 1930 115 2 20 Al

To produce 1 kg of
aluminium the following
amounts of raw
materials are needed:

4 kg bauxite
1.93kg 0.415 kg 2049 24q
Aluminium oxide + carbon + Aluminium fluoride + Cryolite
i
+ 4 =
13460 KWh 1kg
Electrical energy Aluminium
4 Cigien sana 3 tpall vand daan 3 2016March 28

2410, + 3C = 4A1 + 3CO;

Anode:
60" +3C =3CO; + 12¢°

Cathode:
AR + 120 = 441

Seal eollector bur

l STRONG stesd support dtructure

[y A it | Sk
e e Gas off take

Gas off take Auming 4

Crust |

oreares Gas collection

Frozen fiux B Frazen flux

and Malten and

Mux

aumina

alumna

o0 Mollen
3 aminium
cathode: — Molten aluminium
Carbon
cathode Carbon cathode

32 £ =
AT

Insulation

Point Feeder prebake ancde call

(
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‘Aluminum production & manufacturing | 17

Alumminium production

f | Alumina

S Ak Extrusion ingot
silo [ Abumina %

Gas scrubber

Anode
(carbon)

Electrical
power

Primary foundry

» @ alloys

Steel shell

Cathode |_Liquid
(carbon in base and sides) aluminium

4338 Clgiia Jana 3 apall dan dxan 3

Aluminum Alloy Designation Tree

Welding €TTH prYep  Welding

<= Silicon =>
Brazing €ZH PRI Brazing
C355.0
Ll A356.0 BCAH
5454
Structural 5554
Hydraulic 5056 7005 Sports ~ Bats
Tanks 5356  Magnesium Frery Automotive
Armor 5556 FTyYy  Bumpers
Truck Bodies S [P Aerospace
5183
5383

A357.0

PYYEy [ruck Frames
Magnesium Silicide 5061 Extrusions
YY) Pipe & Tube
Manganese Heat Exchangers
2014
2024 Tanks
Electrical Conductors COPFSY (zak) Aerospace
Metalizing 1100 kP Rocket Fins
Foil 1450  Unalloyed
Chemical Tanks G

High Temperature
Heat Exchangers 15
Beverage Cans €013

Not Heat Treatable
Heat Treatable

3 2016March 28




e primary Al consumption

W Alumina
M Electricity
¥ Carbon
M Labour

W Other

36%
Energy and alumina are the most important cost factors in the
production of aluminum.
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L | Primary Al consumptio

N. America
23%

Africa Oceania

4%
1%
EAA, 2006 1% ?

Figure 1 Primary aluminium: consumption share by regions
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T A production coast

Source: CRU, 2003
Primary aluminium production costs by region (nominal USD/tonne 2001)
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e Al production prices

Aluminum Price:
1,603.47 IE0A
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Energyconsideration Energy resources

World Electricity Generation
1971-2020

30 000

25 000
20 000
£ 15000
10 000

5000

ol
1971 1980 1990 2000 2010 2020

Moo B oy Moy B nugesr
] Hydro B Cther Renswables

IS Lo g e P L PR 2016March 28

_ Electricity sources for primary Al production

80000 -
m Nuclear
70000 —
m Natural gas
il
m Oi
m Coal
dro
50000 mHy
40000
30000
20000 |
1m _i
0 A :
N. America S. America Asia Oceania
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Energy consideration consumption

Energy usage breakdown, USA

secondary production
4%

primary prodution
820

Source: ENERGETICS, Maryland, USA, 1997

Aluminium production: energy usage (per tonne aluminium) by section

ag e Cighen tana 3 apall dani dman 3 2016March 28

Environmental consideration Pollution sources

Fabrication

Secondary Primary — Direct

smelting (PFC, Carbon,
melting, etc.)

Primary —

Indirect

(Electricity Primary smelting is the most polluting

consumption) stage of aluminum production

; @ A e dana 3 2l 2an dean 2 2016March 28
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End products

Standard ingot - a product that has to be
remelted

* 42 % of casthouse production is standard ingot

Value added products
Extrusion ingot Foundry alloy Sheet ngot

S

End
Product

Consumer Utlisationof Aluminium
ursbles Oter6%

6%

Mazchinery

& Transport
squipment ‘ 25%

10%
Electrical .
12%
Packaging Censtructi
17% on23%

Source: USGS
4 e Cigiin sana 3 EUMEVER DEPEGEY 2016March 28
Al-in automotive industr
" advanced use
kg in BIW
250

Europe 1980 - 2015

200
180
100
50
0
1890 1995 2000 2005 2010 2015
RMMMO ﬁruslons maucts ’ xpp“caMns
T Produets
Seamless extruded and
drawn tube
s B P ¢ e
B 9 —
+ 4x/ExTx serles alloys [ & & RPN
Performance attributes.
o =" = =
* Machinabilty
« Formabiity
+ Energy ssompmion
KaiIser
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L T A automotive industr

2016March 28

internal wall  aluminium foam
impeller

G conveyor belt
N bubbles
aluminium melt

metal powder mixing
+

foaming agent

open Al foam cells
‘ I [ | ‘
3 Bl
‘ *y
-‘/ |
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e Al foam sppiicaio
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Al foam application-Heat exchangers

2016March 28
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LT T A foam —military application

2016March 28
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anodizing and coloring

ALUMINUM BATCH ANODIZING LINE

| o k 1
PRE-TREATMENT ANODIZE POST-TREATMENT

jinxiang-alu.en.alibaba.com
.

sl sani daaa 3 2016March 28

e Cighoa dasa 3

w

MATERIAL FLOW  METAL FLOW

Toral products siored in use tnce 1888: 693.6

Semi-Ebricated and
finished producrs Finished produers
Wiy Ingoes 7 84.4 (inpur) 3.5 foutput) 50.5
aluminium
el 4006
Bemelted
aluminium

incl recycled
aluminium
213

\ =
’ ol
new g A ap scrap
E & .5 1.0
e I
y,

Recovery and disposal % 3.8 Under investigation 9 3.0

[ ]

Meral losses 2.0
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\dded Value- Al recycing

(EU15 data until 1999, EU25 data 2000-2004, EU27 data 2005-2013)
14.000.000

12.000.000

10.000.000

8.000.000

6.000.000

4.000000 =—

Aluminium in tonnes per year

2000000 {

st T ———
1980 1983 1986 1989 1992 1995 19

‘ BPrimary production @Total recycling ONet-imports

' @
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Added Value: Al cans recycling

59.3 BILLION 66.5%

92%

'/ I\L \ %—-,
i l @ A ypf Cigiia desa 3 Al senf dxan 3 2016March 28
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Al recycling

Recycling

Rolling

| d Casting Products

Extrusion

Recycling

Clua gil)

Recommendations
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