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Mine production by value

(approximate) | % in value (100% ~ 830 Bill USD,
2012)
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Consumption according GDP
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Now China, tomorrow India, M3 countries

Scenarios of strong growth
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Recycling and use efficiency are good but not
enough. We must continue to explore and mine

Mine Production
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If we have to mine... How long can we?

e Even iIf metals are not renewable
resources we are far away from a
"metal peak"

 Most alerts are just wrong and
essentially derived from a confusion
between resources and reserves
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Stock Check

Estimated remaining world supplies of non-renewable resources
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Reserve life time depends mainly on investment

and type of commodity, NOT on geology!

1969 1981 |1994 |2001 |2011
years)

33* 38*
Zn 16 40 20 21 21
Au 21 19 19

Fe 238 191 152* 140* o60~*

USGS

*Reserves 1994, Cu: 310 Mt Fe: 150.000 Mt
*Reserves 2001. Cu: 340 Mt Fe: 140.000 Mt
*Reserves 2011 . Cu: 690 Mt Fe: 170.000 Mt
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Investment and Exploration Results

Figure 3: Significant Gold and Base Metals/Other Drill Results

Announced, 2008-14
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Historical and Projected
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Mohr et al. in Kerr, Science (2014)
Mohr's model is based on "a database of the extractable copper at all
known mine sites" compiled by Mudd and Weng (2012) and on increase
of consummation of 1.6% per annum + a 50% increase to account not

discovered resources . IS this a realistic model?
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A more realistic model
(Kesler, Wilkinson, Univ. Michigan, 2005, 2010)
If we can find and mine 50% of resource above 3 km

we can maintain PRESENT PRODUCTION RATE for
~1000 years for Au
~2500 years for Cu
(only magnitude order, same ore deposit types, similar grades and metallurgical
processes: potential to improve!)
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Business as usual?
NO!

Several critical iIssues:

Social acceptance - NIMBY

Environmental impact

Exploration is increasingly difficult: deeper
Lack of investment

New needs

Better Ore Deposit Models

Creation and transfer of technical know-how
(geophysics, mineralogy, drilling, data integration)
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Challenges

 Mineral exploration & mining: reduce costs, better
efficiency, higher success rate, reduced
environmental and social impact during

« Smaller footprint, less invasive, more predictive

 Less waste, better use of by-products, improve
mineral ore dressing efficiency

« New geo-models (mineral deposits and belts)
« Data integration and interpretation

,23 March 2015
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Environmental Impact - Social Licence
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New scientifical and technical know-how
needed

Depth of cover for discoveries in Australia: 1900-2013
Australia 2002-2012:reduction
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Metal prices after 1845

The Economist industrial commodity-price index, real* $ terms, 1845-50=100

__Metal prices
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2002 they tend to increase: -
~ 40
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“irregularity"? e
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L ack of iInvestments: new RM crisis will come

as from exploration to mining ~15 years
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Challenges

 Mineral exploration & mining: reduce costs, better
efficiency, higher success rate, reduced
environmental and social impact during

« Smaller footprint, less invasive, more predictive

 Less waste, better use of by-products, improve
mineral ore dressing efficiency

« New geo-models (mineral deposits and belts)
« Data integration and interpretation

,23 March 2015
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Challenges - EU

« EU strong dependency on imports of critical raw
materials

 Need of sustainable access to raw materials
 Populated area (difficult access to land)
* OIld mining districts / Deep mining / Small deposits

« Know how (for along time raw materials were not
"Important")
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Top destinations nonferrous exploration 2014

Exploration in Europe not negligible
but must and can increase

s
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Mining "in our backyard" ....

... Is essential not only for directly assuring raw
materials necessary for our society but also for
several critical issues

o Share of benefit and burden

« Creating models of sustainable mining (necessary to
Increase social acceptance and decrease
environmental impact). Already good examples exist.

 Increasing know-how (science and technical): e.g.,
deposits under cover!

 Increasing social awareness that our society depends
on metal supply

Mineral Resources and Geofluids
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Reduce environmental impact of mining leguyy FRESH
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Dependency of the European Union (2009) on

Import of critical elements and other raw materials

Phosphates

Antimoine 100 %

92 %

Béryllium 100 % Rhénium 90 %
Bore 100 % Nickel 86 %
Cobalt 100 % Fer 83 %
Molybdéne 100 % Aluminium 80 %
Niobium 100 % Zinc 80 %
Platinoides 100 % Tungsténe 26 %
Terres rares 100 % Blornb 16 %
Tantale 100 % Ciivre 11.%
Titane 100 % Chione 3%

Germanium 100 %

Vanadium 100 % u-1ty(:ohtr|but| \ga!llégm|
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