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That Ye Olde Clicheé:

IF WE DON’T GROW IT
WE MINE IT
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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
Ish or drives them away. Theretore the inhabitants of these regions,
on account of the devastation of their fields, woods, groves, brooks

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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D F Hewett (1929) :

“But even in our modern world, with its diverse
sources of foods and textile materials, human’s unit
consumptive capacity for these products does not
greatly change from one year to another. On the other
hand, their consumption of metals grows with the
increasing complexity of civilization and it seems now
as if their appetite would never be satisfied.”
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The World of Extractives: The Periodic Table
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Critical Minerals: Fundamental but Vulnerable
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Economic Value (US$1998 billion)

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’ — i.e. 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 ...

(IMNSHEOQO) KEY: Environmental Impacts are Growing!!
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Australian Mining Production

450 2,450
Black Coal (Mt) Brown Coal (Mt) I
S Iron Ore (Mt) Bauxite (Mt)
2“ Gold (t) Urani (kt Us0g) / - 2,100
ol ranium 304 i
d 300 General /7 ||
c Diamonds (Mcarats) Copper (kt) ? |
o L =
_E Lead (kt) Zinc (kt) Trend " L 1750 <
a | | * <
Py | Silver (t) Nickel (kt) | L é
x / I N
X 270 1 i é
© |
(11} 1 7 1,400 =
o ] - c
: / 5
— - 1,050 S
S 180 | I e
3 o
o
S 3
=] - 700
5 | , £
8 ’ y <
a 90 - ALY
3 ’ / - 350
c
c |
<
0 +—o ‘ —— e N e —— s 1o

1825 1840 1855 1870 1885 1900 1915 1930 1945 1960 1975 1990 2005
Mudd: Mining, Sustainable Development & Global Transitions ReSToRE Summer School v Sustainable Resources, 4 July 2022

Mudd, 2009, Sustainability of Mining in Australia



Australian Mining Production
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Contained Metal

Contained Mineral

Contained Metal

World’s Growing Resource Endowment:

True!
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Copper Ore Grade (%Cu)
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Waste Rock — Australia
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Global Mine Waste Estimate (2014)

Sector Fe ore Coal Bauxite | Copper | Lead-zinc | Nickel Gold | Uranium | PGEs | Diamonds | Totals
2014 production 3220 Mtore | 8165 Mt 234 Mt 18.7MtCu | 5.46 MtPb, | 2.4MtNi 2860t 56.2ktU 400t 65 Mcarats
13.3 Mt Zn

Typical grades 50% Fe - 40% ALQ, 0.6% Cu 2% Pb, 1.3%Ni | 2g/tAu 0.1%U 3.9¢9/t4E | 0.75 carats/t

5% Zn
Ore processing (Mt) 4025 9072 312 3896 ~338 246 1682 62 90 87 19798
Mill recovery 80% 90% 75% 80% 80% Pb, 75% 85% 90% 90% -

85% Zn
% Open cut 98% 75% 100% 85% 50% 50% 75% 30% 10% 85%
Waste:ore (UG) 0.2 S 0 0.2 0.1 0.2 0.25 0.5 0.1 0.25 I
Waste:ore (0C) 2 55 2 3 5 2 5 5 10 5 82|
Tailings (Mt) 1025 Gt /8 3828 300 237 1681 62 89 87 Gt i
Waste rock (Mt) 7905 624 10051 862 271 6414 116 98 372 i

UG — underground; OC— open cut; PGE — platinum group elements.

Mudd: Mining, Sustainable Development & Global Transitions
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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

Mudd: Mining, Sustainable Development & Global Transitions ReSToRE Summer School v Sustainable Resources, 4 July 2022 17
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To be published soon ... true story!

Global Cobalt Reserves (left) & Resources (right)
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Circular Economy ‘102’: Key Concepts
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Extent of Metals Recycling ...

End-of-Life
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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

RECYCLING ELECTRONIC SCRAP PAYS

1 TONNE OF MOBILE TELEPHONES YIELDS:j§1 TONNE OF ORE YIELDS:

50-150 kg copper 3,7 kg copper
500-700 g silver 4,2 g silver
150-400 g gold . 0,2 ggold

Boliden, 2007, Sustainability Report.
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Reporting & Transparency: KEY

* There is a strong trend towards demonstrating a mine or company
IS ‘responsible’ — but how do you do this”? Not Easily!

* The 1990s saw the rise of ‘environmental progress’ reporting

* From 2000s saw ‘sustainability’ reporting — which the global mining
industry signed up to through the ‘MMSD’ process at Johannesburg

* Major frameworks have evolved, including the Global Reporting
Initiative (GRI), Kimberley Process, former Dodd-Frank rules, CDP,
EITI, RMI, RJC, ARM, Fairmined, TSM, ICMM, ...

 Now comes IRMA: Initiative for Responsible Mining Assurance

Boliden, 2007, Sustainability Report.
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Sustainability Reporting: Good Example?

Inputs
Ore treated — 8.875 million tonnes
Total energy — 4,881 terajoules
Electricity — 2,746 terajoules
Diesel — 685 terajoules
Coke — 234 terajoules
Liquified petroleum
gas — 802 terajoules

Fly ash — 144,407 tonnes

Solvent kerosene — 1,083 kilolitres
Cement — 65,216 tonnes

Sulphur = 66,700 tonnes

Sodium cyanide — 100 tonnes
Caustic soda — 4,886 tonnes

Lime — 6,442 tonnes

Emissions Source:
Sulphur dioxide — 2,791 tonnes

Carbon dioxide — 1,075,792 tonnes WMC
Particulates

Dose

Products
Gold — 64,293 ounces
Silver — 643,935 ounces

Other fuels — 414 terajoules Sodium chlorate — 8,949 tonnes s IR: Y Z_"”?’ g Copper = 178,120 tonnes
Explosives — 3,662 tonnes Grinding media — 172 tonnes Hiphur dioxide, Uranium oxide — 2,890 tonnes
. ; Sulphuric acid,
Water — 10,728 megalitres Ammonia — 2,028 tonnes
: Heat ol ol .l
Land disturbed — O hectares = == ==
Inputs Mining and processing Products
Water ,Oil
Metals, Slag
Other waste materials Rehabllltatlo.n' "
1 . Newly rehabilitated
Tailings — 8.149 million tonnes \
\ /4 Mine dewaterin land — O hectares ’
<« 4 : )

‘ “:A m Waste-rock stockpile
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Spills on site — 1,374 kilolitres

Landfill waste — potentially hazardous materials and solid waste
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Using Sustainability Rep. v Life Cycle Assessment

50
1 Hydro - (0.72, 81.2) # Coal
Coal - (5.3, 59.57)
A ODiesel
3 40 | ¢ y = 27.92x-0.604 Gas
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o y = 7.9054x-0.516 X Coal/Hydro
o R?=0.4344 Hydro
= 1 = Diesel/Geothermal
@ 30
o | y = 17.726x0-382 B Gas/Hydro
= R2 = 0.5243 Diesel
2 @ Hydro/Coal
£
w l
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S
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o
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__________________ (77.1,0.2), (82.39, 0.2)
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Ore Grade (g/t Au)
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IRMA ENGAGEMENT MAP RMA  ABOUT  GETON

increasing transparency and catalyzing connections between mining stakeholders




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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