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Presentation Overview

e Sustainability & Modern Mining

e Long-Term Trends in Mining :
— ore grades, open cuts, production, tailings,
waste rock, rehabilitation, resources ...
e Sustainability Reporting
— Global Reporting Initiative, National Pollutant Inv.
« Resource Intensity / Eco-efficiency
— energy, water, greenhouse, etc ...

e Summary & Synthesis of Issues
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Sustainability & Mining

The Sustainability of Mining
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Long-Term Trends in Modern Mining

 The sustainability and environmental costs

of modern mining are underpinned by
various long-term fundamental trends :

— Increase in production

— decline in ore grades

— Increase in open cut mining

— Increase in waste rock & tailings

— Increased economic resources (or stable?)

« Whether these will continue ... who knows !
 Challenge is to manage all of these aspects
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Long-Term Production

Annual Production (Coal, Fe ore, Bauxite, Diamonds, Au, U)
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Long-Term Trend : Ore Grades

Ore Grades (Cu, Pb, Zn, Au, Ni, U, Diamonds)
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Long-Term Trends : Open Cut Mining

%0Open Cut Mining (ore)
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Long-Term Trends : Waste Rock

Waste Rock (Cu, Diamonds, U, Brown Coal)
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Long-Term Trends : Economic Resources

Economic Resources

56 14
| |—e—Black Coal (Gt) <& Brown Coal (Gt) X |
ay
{ |8 Iron Ore (Gt) O Bauxite (Gt) / X i
48 - Maad - 1.2
{ |—O— Copper (Mt) O Gold (kt) s
. X X ﬁ
| —— Nickel (Mt) A Lead (Mt) )@k Xx >K>K d 60|
&
40 1 | Zinc (M) X Uranium (Mt U;Og) o 1 <
cu'n» g
| X r ol =2
S 0
32 | >ZY KER
| general 5
. o
] trend ? 8
i o
24 f3)
I S
c
3
16 | -
| L 2
8 (1
| A
s ey (T ':"ﬁ D
X TR G L] xéﬁﬁz‘ilr‘lm
IS w . AVvAAAL A e Lo s ok I
0 T T T D T T O T T T ﬁ T T T T T T T T D T \X\ T ‘?{g#ng“.“ggggt ‘AAAAA e'!';g!'"!|'|‘ ‘-‘Ax‘ - O
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Minerals Council of Australia — Sustainable Dev’t Conference, Cairns, October 2007
G M Mudd - Quantifying Sustainable Mining : Production, Reporting and Beyond 11



Sustainability Reporting & Mining

 Over the past decade, there has been a
major shift to report on sustainability
alongside financial reports

— gold sector certainly at the forefront of this

e The pre-eminent reporting protocol is the
UN’s ‘Global Reporting Initiative’ (GRI)

e Additionally, many countries now have
systems such as Australia’s ‘National
Pollutant Inventory’ (NPI) (eg. USEPA’s TRI)

o All aim to facilitate ‘triple bottom line’
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Sust. Rep. : Global Reporting Initiative

Global Reporting Initiative includes the
various pillars of sustainability :
— social, environmental, economic, human rights, etc.

Under each category, a variety of ‘indicators’
are used for reporting sustainability, eg. :

— greenhouse emissions, water usage, local
economic spending, accidents, donations, etc.

— many indicators ‘core’, some ‘additional’ (non-core)

Overall, the wealth of data being reported
facilitates ‘quantitative sustainability’ ... (huh?)
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Sust. Rep. : Global Reporting Initiative

e Should mine waste come under EN22 (?)

« Two examples of GRI solid waste reporting :
— different data and level of detall

ENVIRONMENTAL 2005
: Vacip Wianao gl cstination of Tailings / Waste Rock) (Million Tons)
Inpit-Backfll 54.15
Underground
Tailings Dam
Sub-Sea
Rock Dumps 12.58
Stockpiles
Other (e.g., used as road base, cghstruction material)
Units 2005 2004 2003 2002 2001
Overburden, tailings and slag tonnes 47,000,000 17,000,000 42,000,000 49,000,000 25,000,000

= MONASH University

Ly
. 4

Engineering civil.ena.monash.edu.au Minerals Council of Australia — Sustainable Dev’t Conference, Cairns, October 2007
-eng. ) : G M Mudd — Quantifying Sustainable Mining : Production, Reporting and Beyond 14



Sust. Rep. : National Pollutant Inventory

 With respect to mine waste, the Aust’'n NPI
only requires reporting of listed pollutants if
they effectively escape into the environment
(ile. there is an emission)

 Large volume mine wastes are excluded by
classifying them as ‘land transfers’
— despite the potential for long-term pollutant escape

e For existing sites with acid mine drainage,
some report under NPIl, some don't

 Clearly iInconsistencies for mine wastes ...
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“Resource Intensity” of Mineral Production

A poorly understood aspect of modern mining
IS the resources required to produce certain
metals and minerals

o Sustainability reporting now provides data ...

 Stil
and

and

problems in comparing different sites,
how to link resource intensity with social
economic aspects, but the road is long ...

e However, we can start to estimate the true
environmental costs through “Resource
Intensity” ...
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Resource Intensity : Gold, U v Energy
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Resource Intensity : Gold, U v Water
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Resource Intensity : Gold, U v Greenhouse
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Mineral Production : Resource Intensity

 Thereis a high degree of variability in resource
Intensity b/w Au, U mines; in general :

— high grade mines (>6 g/t Au, 0.5% U;04) have
lower resource intensity per Au, U produced
— very low grade mines (<2 g/t , 0.5% U;0y) are
more likely to have a high resource intensity
« Based on the combined data set, an average
kilogram of gold requires :
— 143 GJ of energy, 691,000 litres of water,

141 kilograms of cyanide, & releases 11.5t CO,
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Summary & Synthesis of Issues

 Mining Is the pre-eminent producer of
solid wastes : tailings, waste rock

e Sustainability reporting is improving and
facilitates more accurate estimates of the
environmental costs of metals (eg. Au, U)

« Still significant room for improvements

e The future is likely to see increasing
environmental costs and risks : ie. the
heart of the sustainability debate
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