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UN Sustainable Development Goals (SDGs):
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Georgius Agricola (1556) :
“… the strongest argument of the detractors is that the fields are
devastated by mining operations … Also they argue that the woods
and groves are cut down, for there is need of an endless amount of
wood for timbers, machines, and the smelting of metals. And when
the woods and groves are felled, then are exterminated the beasts
and birds, very many of which furnish a pleasant and agreeable food
for man. Further, when the ores are washed, the water which has
been used poisons the brooks and streams, and either destroys the
fish or drives them away. Therefore the inhabitants of these regions,
on account of the devastation of their fields, woods, groves, brooks
and rivers, find great difficulty in procuring the necessaries of life …
Thus it is said, it is clear to all that there is greater detriment from
mining than the value of the metals which the mining produces.”
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The World of Extractives: The Periodic Table
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Mining’s Global Real Value Since 1900
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(A ‘Simplistic’) Overview of Mining vs SD
• Mineral deposits, are by their nature, ‘finite’ – and non-renewable
• Global production of metals and minerals almost always increases 

over time to meet growing market demands
• Yet we know of more mineral resources now than ever, enough to 

meet growing demands for many decades (or even centuries)
Quite the paradox !!

• Clearly, this paradox shows that there is more to sustainable mining 
than just production alone …

(IMNSHEO) KEY: Environmental Impacts are Growing!!
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Circular Economy ‘102’: Key Concepts
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Australia’s Economic Resources

0

0.5

1

1.5

2

2.5

0

20

40

60

80

100

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Ec
on

om
ic

 R
es

ou
rc

es
 (U

 o
nl

y)

Ec
on

om
ic

 R
es

ou
rc

es

Black Coal (Gt) Brown Coal (Gt)

Iron Ore (Gt) Bauxite (Gt)

Copper (Mt) Gold (kt)

Nickel (Mt) Lead (Mt)

Zinc (Mt) Uranium (Mt(Mt U3O8)

General
Trend?

M
ud

d,
 2

00
9,

 S
us

ta
in

ab
ili

ty
 o

f M
in

in
g 

in
 A

us
tr

al
ia

10Mudd: Mining & Its Growing Environmental Impacts MiningWatch Canada 20th Anniv. Conf., 14 Nov. 2019



Global Copper’s Growing Endowment
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Australian Mining Production
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Ore Grades – Australia
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Global Copper Ore Grades
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Waste Rock – Australia
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Global Mine Waste Estimate (2014)
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Sustainability Reporting: Good Example?
Source:

WMC

17Mudd: Mining & Its Growing Environmental Impacts MiningWatch Canada 20th Anniv. Conf., 14 Nov. 2019



Using Sustainability Rep. v Life Cycle Assessment
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AMD: Acid & Metalliferous Drainage
• Wherever iron sulfide minerals are exposed to water and 

oxygen, there is a high risk of AMD (often greatly accelerated 
by microorganisms):
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Aussie Mine ‘Rehabilitation’ Examples #1
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Aussie Mine ‘Rehabilitation’ Examples #2
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So, What Metals & Minerals do We Really Need?
• Energy is changing, FAST: fossil fuels & uranium are declining
• Gold: can meet supply from by-product mines (not Au-only)
• Transformation of energy and rapid rise of electric vehicles means 

we need HEAPS more ‘battery metals’: lithium, nickel, cobalt, 
manganese (or potentially others)

• New renewable energy technologies often need by-product metals 
– such as indium, cadmium, tellurium, selenium, gallium, …

• Concentrated, small markets often mean by-products are ‘critical’
• Such by-product metals can only be sourced from their primary 

hosts – primary deposits don’t exist, nor do we have the stocks yet
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Gold: Need vs Greed?
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• Gold is almost exclusively jewellery & financial uses
• Small amount is for technological uses, mainly electronics

Resources (2011 data)
Fractional Value Count t Au % g/t Au

Au only 1,428 87,947 44.9 1.47
Au 75-100% 61 15,413 7.9 2.66
Au 40-75% 426 44,911 22.9 0.72
Au 20-40% 200 24,858 12.7 0.31
Au <20% 494 22,777 11.6 0.08

Reserves (2011 data)
Fractional Value Count t Au % g/t Au

Au only 433 28,342 52.6 1.53
Au 75-100% 78 6,623 12.3 1.35
Au 40-75% 82 9,175 17.0 0.57
Au 20-40% 50 4,879 9.0 0.45
Au <20% 143 4,903 9.1 0.09
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Rise of the (EV) Machines

Regression (1970-2018)
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Future Thinking: e.g. Boliden
• A major future trend will have to be efficient recycling systems
• e.g’s include computers, mobile phones & ‘eWaste’, Pt-Pd in cars, 

Li batteries, urban infrastructure …
• In other words – implement the CIRCULAR ECONOMY

Boliden, 2007, Sustainability Report.
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Extent of Metals Recycling …

UNEP, 2013
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Summary: Mining, SD & CE
• Mining provides the metals, minerals and energy the modern world 

needs & wants … BUT
• Mining can present a range of social-environmental-economic 

benefits and impacts, but the ever increasing scale is making this 
more complex to assess & manage

• Environmental impacts per unit metal / mineral are increasing
• Sustainable development requires a thorough approach to 

understanding the links between S-E-E aspects, and sustainability 
reporting is critical to achieve this

• Many see the ‘Circular Economy’ as the best way forward
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