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The Resource Flow from the Source to the Sink
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Overlaying industry structure to gain transparency on key drivers of metal
markets economics and identify cluster of similar economic behavior

Process

* Future mining/
processing technologies

* Deposit type change

Industry \ / Functions
Structure = Future end

* Main future sup- applications
plier regions/ Development of * Cross-industrial
companies * Supply demand
* Consolidation « Demand competition
trends * Price * Future substitutes
* Deposit type * Secondary supply
* Level of integration economics

* Changes in social
/\ patterns
External factors
* Impact of REACH
legislation on demand
* Impact of financial

speculation

Source: Porter, vanous sources
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We are using up minerals
at an alarming rate.
How long before they
* W run out, asks David Cohen
si% (New Scientist, 2007)

source: New Scientist / May 26, 2007 Armin Reller » Lisbon Civic Forum « 27.03.2009
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WHERE THE MINERALS ARE
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Quelle: New Scientist / May 26, 2007
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Risks and Potentials
of Strategic Metals
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Weltweite Zinkproduktion und Feinstverteilung von Zinkoxid (in Tausend Tonnen - 2002)
&

il
m;gg 5\‘%} g

Spanisr‘i @
1685 -~

China 1 550 000 -

Australien 1 145 000 a‘ll\l'_R ‘
Peru 1 100 000 J -
USA 780 000

Mexico 475 000

Kasachstan 390 000

Irland 250 000

Spanien 165 000

Polen 153 000

Schweden 142 900

Bolivien 142 000

Indien 130 000

Russland 130 000

(in metrischen Tonnan)

I Zinkprodulkdtion '-‘. - Feinstverteilung von Zinkoxid
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NASA image of Escondida Mine in Chile,

taken by ASTER on April 23, 2000.

Originally from
Newsroom/Newlmages/images.php3?img_id=4492

Armin Reller « Lisbon Civic Forum *« 27.03.2009
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Purchased Mobile Phones between 1997
and 2009 (Estimation) and registered
Users from 1997 bis 2005

(after Gartner 2005 and International Telecommunication Union 2006)

Quelle: Wikipedia
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M copper

M glass / ceramics
cobalt or lithium
carbon
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M nickel
other
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Zinc
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Average cell phone composition (data source: UNEP 2006; graphics : 1. Oswald)

Quelle: Inrina Oswald, University of Augsburg, 2008 Armin Reller « Lisbon Civic Forum = 27.03.2009
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Setup of a Li-polymer accumulator

Mobile phone accumulator after
removement of the plastic housing.

unfolded accumulator.

Electrical security switch against overload.

Because of the electrolyte design as (welled (gequollen) Li-Ions containing) polymer the outer
shape can have almost any form. The foils are coated with the electrode material. The energy
density 1s even higher than the one of the Li-Ion accumulator.

Armin Reller « Lisbon Civic Forum ¢ 27.03.2009
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2020

Pharmaindustrie
4% Additiv - Al Verarbeitung

1%

2007

Additiv - Al Verarbeitung
4%

Batterie

52%

Q: Lithium Supply & Markets 2009 IM Conference 2009

Driving Force for Lithium Demand: Lithium Batteries

«  Growth of application in automotive industry
«  Storage of energy in regenerative energy technologies
«  Additional growth of lithium ion batteries in the range of 7% per

Armin Reller ¢« Lisbon Civic Forum ¢ 27.03.2009
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Criticality of Lithium

Reliability of production in Bolivia/ China/ Salar de Rincon?
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Quelle: USGS
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Summary: Cost Risks and Scarcity
»  Deposits are highly comcentrated
(Political influences!)
*  Growth depends on the potential i
of the deposits (Investment!) 3 =000
*  Speculation
* Dependence on other metals
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This minicomputer. was the first internationally successful IT-product

Quelle: http://www.tink.ch/schweiz/new/article/2007/06/18/innovation-des-letzten-jahrhunderts/ Armin Reller « Lisbon Civic Forum ¢ 27.03.2009
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Functional Metals in a Computers

Material % Weight Material % Weight
Silica 24,8803 Bismuth 0,0063
Plastics 22,9907 Chromium 0.0063
Iron 20,4712 Mercury 0,0022
Aluminium 14,1723 Germanium 0.0016
Copper 6,9287 Gold 0,0016
L.ead 6,2988 Indium 0,0016
Zinc 2,2046 Ruthenium 0,0016
Tin 1,0078 Selemium  0,0016
Nickel 0,8503 Arsenic 0,0013
Barium 0,0315 Gallium 0,0013
Manganese 0,0315 Palladium  0,0003
Silver 0,0189 Europium  0,0002
Beryllium 0,0157 Niobium 0.0002
Cobalt 0,0157 Vanadium  0,0002
Tantalum 0,0157 Yttrium 0,0002
Titanium 0,0157 Platinum Trace
Antimony 0,0094 Rhodium  Trace
Cadmium 0,0094 Terbium Trace

Quelle: Microelectrics and Computer Technology Corporation

Armin Reller « Lisbon Civic Forum ¢« 27.03.2009
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* Doped indium-tin-oxide (ITO) is
transparent and exhibits a nearly
metallic conductivity

\ &

- -

* ITO is a perfect functional material for
LCDs as well as for solar cells (CIS
technology) .

* Using sol-gel-synthesis technologies i i (I
large thin layes can be deposited on =y
different substrates

b |

Armin Reller ¢« Lisbon Civic Forum ¢ 27.03.2009
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Erziagerstétten
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<100t

Vit. Pleasant
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al Resources of Indium

L g b Lander mit bekannten Erzlagerstatten mit Indiumvorkommen (Indiumquellen)
(unterteilt nach Wirtschaftsraumen)

I Europa (EU) [_] VR China
[ Nordamerika (NAFTA) [ Russland
] Japan (mit Studkorea) [N Stidamerika [] Lénder ohne Indiumquelien

B Erzlagerstatten mit be-
deutenden Indiummengen

e weitere Erzlagerstatten
mit Indiumreserven

I sonstige Lander mit Indiumquellen

Entwurf: Thomas Bublies; Kartengrundlage: http.//iwww.kamsart.com/clipart/free-clipart-World-Maps.htm!; Daten: Schwarz-Schampera/Herzig (2002), USGS (hitp.#/minerals.usgs.gov/minerals/pubs/commodity/indium/|

Indium-Reservenbasis
1000 t
800t

600 t
400 t
200t

Armin Reller ¢ Lisbon Civic Forum ¢« 27.03.2009
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For the pj‘éductlon of .one computer
« 240 kllograrﬁs o) fossn fuels

« 22 kllograms synthetlc chemical compt '
« 1500 liters of (grey) water : :

> all together at Ie_ast 1’800 kg raw m@terials, i.e.. resources!

Armin Reller « Lisbon Civic Forum « 27.03.2009
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Reported international e-waste shipments from indusirialized economies to developing countries [data
source and graphics: see caption)

Scale 1 1 225 D00 000

Sources:
UNEF 2006; Pucket & Smith 2002
Schmidt 2006; Carrll 2007

Cariography L Creamid

Quelle: Inrina Oswald, University of Augsburg, 2008

Armin Reller ¢ Lisbon Civic Forum ¢ 27.03.2009
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| Mexico-City - 150 years ago ...

... and today
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Megacities

Urban population [million]

: 1
y : 30 j
0 : E:] 5 - = 8 million : '-fE :
Source UN 2002 1 B - < 10 miion . h ...-....f.;'::;<w=.. z
Drafi and Copyright F Kraas N B : 10 milion Gy £
Ceartography: er L

Source: http://blogs.tnr.com/tnr/blogs/environmentandenergy/megacities.jpg
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Regenerative Resources

T

l

Finite Resources

Regenerative Resources

1

Finite Resources

Quelle: Armin Reller Armin Reller ¢ Lisbon Civic Forum ¢« 27.03.2009
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Copper mine in Nevada

Quelle: http://lwww.desertusa.com/mag98/july/papr/geo_copper.html Armin Reller « Lisbon Civic Forum « 27.03.2009
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Quelle: http://www.copper.org/innovations/2001/08-intro/intro_to copper.html
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Principal reasons using copper
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