Global Resource Depletion:

Metal minerals scarcity and
the Elements of Hope

‘Peak’ Summit, Alcatraz, Italy, June 27, 2009

andre.diederen@tno.nl

Contents

Exponential growth

Decreasing energy per capita

Metal mineral reserves

Timing of metals scarcity
Geopolitical situation
Consequences of metals scarcity

Solution frameworks
The Elements of Hope

Bottomline

2 Metal minerals scarcity and the Elements of Hope

“Harvesting speed” versus “ultimate quantity”

Energy scarcity means materials scarcity
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Exponential growth

root cause of global resource depletion
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“Harvesting speed” versus “ultimate quantity”

» There is a shortage when supply as a function of time can no longer
keep up with demand as a function of time

» The ultimate “recoverable” quantity is irrelevant in this respect
(“it is not possible to have a baby in one month with nine women”)

» Examples:
- fossil fuels (next slide: oil and gas)
« fresh water
« road transport and traffic jams
* “run on the bank”
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Decreasing energy per capita

On a global scale “regular” oil has probably peaked,
natural gas will follow a decade later

The General Depletion Picture
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Decreasing energy per capita

global energy
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Energy scarcity means materials scarcity

Lower ore grades need exponentially more
energy for extraction * :

copper ore grade

Year 1935 1945 1955 1965 1975 1985 1989 1991 1993 1995 1997 1999

Source: Raw Materials Group 2004,
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Energy scarcity means materials scarcity

Mineralogical barrier for elements = 0.1%
(mass) earth’s crust

Remaining relevant resources of
aluminum, iron, silicon,
magnesium, titanium, .....

AMOUNT ——»

Source: “Exploring the resource
base” by Brian J. Skinner, Yale
University, 2001

Extremely energy-intensive to extract
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Energy scarcity means materials scarcity

Mineralogical barrier for elements < 0.1%
(mass) earth’s crust

Remaining relevant resources of
other minerals

“rare”: Cu, Sn, Ni, Sb, Ag, ....

“trace”: Pt, In, Se, Ga, ....

AMOUNT ———
PN

Source: “Exploring the resource
: : base” by Brian J. Skinner, Yale
— University, 2001

Extremely energy-intensive to extract
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Energy scarcity means materials scarcity

Materials scarcity: parallels with “peak oil”

Zirconium mineral concentrates

it 7k -—— source: Bardi en Pagani, 2007

The General Depletion Picture
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* The time-production profile of large individual mines and of the
summation hereof resembles a bell-shaped curve comparable with oil

* The right part of the bell-shaped curve is more difficult to realize
because the “low-hanging fruit” has already been harvested

* It takes increasingly more energy to “harvest” the remaining energy
and the remaining minerals ~

10 Metal minerals scarcity and the Elements of Hope Dr. A.M. Diederen MEngSci, June 27, 2009 T|-| @




Metal minerals reserves

Reserves versus Resources and Resource Base

focus on Reserves!!

see next slide
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Metal minerals reserves
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Timing of metals scarcity
Absolute and relative quantities: global reserves
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Timing of metals scarcity
Absolute and relative quantities: global production
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Production

Timing of metals scarcity

“Years to go” versus bell-shaped curve
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peak date may arrive sooner !!

Metal minerals scarcity and the Elements of Hope

Source: Dr. A.M. Diederen, Metal minerals scarcity: a call for
managed austerity and the elements of hope, March 10, 2009,
published at TheOilDrum.com and hcss.nl

A
Dr. A.M. Diederen MEngSci, June 27, 2009 T|-.

Geopolitical situation

Europe and the US have already depleted a
significant part of their resources

% of global mining
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Sources: Raw Materials Data, Stockholm 2004, Sames, Raw Materials Group
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Geopolitical situation

Example: net import balance USA 2007
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Bi 95% Cr 62% even worse
° for EU
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Geopolitical situation

Increasing dependence on limited resources

97% of primary production of rare earth metals (REM)
(Sc + Y + lanthanoids) comes from China
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140 - China restricted REM
q Bastnasite-carbonatite period .
120 i exports since 2004

1 Bayan-Obo (-/- 300/0)
100 - E

deposit etc. (China)

80

20009:
China became share-

H
i Mountain Pass deposit |
H

r H (United States) '
Monazile period &=
—= d

60

a0k holder in 2 major REM
Tl companies in Australia
0

1950

1960 1970 1980 1990 2000 2006
Years
Sources: naumov 2008, Fraunhofer Institute 2009
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Consequences of metals scarcity

* Less affordable mass-produced electronic products
mobile phones, flatscreen TV's, PC’s, ...

» Forget large-scale conversion towards alternative energy sources
* Forget large-scale electrification of land-based transport
+ Chemical compounds will become more expensive

+ Construction and machining will become more expensive

» Metals scarcity will aggravate energy scarcity !!

A,
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Solution frameworks
What can be done about metals scarcity?
1. Use less or “managed austerity”
most important solution but reluctant human behaviour leads to low priority
2. Longer product lifetime
3. Recycling and reuse of
materials
4. Substitution of materials
5. Develop adapted new
products
6. Stockpiles
A,
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Solution frameworks

What can be done about metals scarcity?

1. Use less or “managed austerity”
most important solution but reluctant human behaviour leads to low priority

2. Longer product lifetime

HCNOWPSCI non-metal elements
3. Recycling and reuse of NaMg Al Si —— elements of hope
materials K CaFe
Ti Cr Mn Cu
4. Substitution of materials E F i“' Br [ criticat elements
frugal elements Li Be Sc V Co Ni 2Zn Ga
5. Develop adapted new Go As S Y 2 Nb Mo PGM
Ag Cd In Sn Sb Te Ba REM|
prOdUCtS Ta W Re Au Hg Tl Pb B

. Source: Dr. A.M. Diederen, Metal minerals scarcity: a call for
6. Stockpﬂes managed austerity and the elements of hope,
March 10, 2009, published at TheOilDrum.com and hcss.nl
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Solution frameworks

The Elements of Hope - substitution
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Bottomline

» One of the grave consequences of energy scarcity is metals

scarcity
and metals scarcity will aggravate energy scarcity !!

» Metals scarcity directly undermines our ability to sustain our
current level of material prosperity

* Logical conclusion: use less !!

» Technology alone won't solve our problems, we need to
co-ordinate our efforts towards a collective goal of sustainability

- “managed austerity”

I
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Discussion
free market economy?
China’s solution?
......... ?
......... ?
......... ?
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