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MINING CHALLENGES

= High geographical
concentration of production

= Long project development
lead times

= Declining resource quality

= Growing scrutiny of
environmental and social
performance

Higher exposure to climate
risks

World Energy Outlook Report, International Energy Agency, March 2022
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Resources: However, declining ore quality poses multiple challenges for extraction and
processing costs, emissions and waste volumes

Average ore grade in Chile and estimated energy intensity by quality

Copper ore grade in Chile by production route Estimated energy intensity
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Notes: Energy use for covers mine, plant, smelter, refinery and services. For heap leaching, energy use covers mine, leaching, solvent
exiraction, electro-winning processes and services. GJ = gigajoule.
Source: IEA analysis based on COCHILCO (2019) and Rotzer and Schmidt (2020).

Location of copper and lithium mines and water stress levels, 2020
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Note: The exact water siress levels vary by location. While we assessed the share of mines located in water stress areas according to granular regional
representations (shown on the following page). we aggregated them at the sub-national level on the map for the sake of simplification. Water stress levels are as
defined in the Aqueduct 3.0 dataset according to the ratio of total water withdrawals over the total available surface and groundwater supplies.

Source: |EA analysis based on WRI Aqueduct 3.0 dataset.
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TECHNOSPHERE

bitilities

The technosphere refers to the global,
human-constructed system of technologies,
infrastructures, and institutional networks that
sustain modern civilization.

Coined by geologist Peter Haff in 2014, the concept emphasizes the technosphere
as a planetary-scale system—on par with the biosphere, atmosphere, hydrosphere,

and lithosphere.
[ oron Universiy

Peter Haff, Technology as a geological phenomenon: implications for human well-being, The Geological Society of London, 2013.
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TECHNOSPHERIC STOCKS

Technospheric stocks refer to the accumulated materials,
infrastructure, and technology that make up the physical
component of the technosphere—the global system of
human-made systems, technologies, and structures.

Material stocks established by human agency, and which
originates from technological processes, in contrast to stocks
in the lithosphere established by slow, primary geological
processes (recent mass estimate: ~ 30 trillion tons)

Zalasiewics et al., 2016
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TECHNOSPHERIC MINING
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Wever, Renee & Vogtlander, Joost. (2014). Design for the Value of Sustainability. 10.1007/978-94-007-6994-6_20-1
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Technospheric stock
Waste repositories

= Anthropogenic ores
. “New mines”

Pl

Technospheric Mining:

- extraction and recovery of
metals and mineral resources
from technospheric stocks, in
contrast to conventional
mining, which targets primary
ores (Johansson et al., 2013)
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TECHNOSPHERIC MINING

Reprocessing, recovery of residual
metals, utilisation of the mineral
matrix — metals recovery and
environmental management

(Kinnunen and Kaksonen, 2019)
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Breathe new life into long-abandoned RAW MATERIALS
mines
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RECYCLING PRODUCTION,
CIRCULARECONOMY ks
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Reduce mining costs
WASTE REMAINS ;
DISTRIBUTION

-

Help the mining industry during COMECTON LIS
downturn
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TECHNOSPHERIC MINING

Valuable elements that can be reclaimed from mine wastes

Tailings Copper tailings
Tungsten tailings
Iron tailings
Lead-zinc tailings
Copper slag
Nickel slag

Tin slag

Process Residue Nickel laterite

Bauxite residue

Waste Effluents Acid Mine Drainage
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Cu, REEs, Co, Ni, Mn
W, Mo, Mn

REEs, Fe

Fe, Ag, Ga, Pb, Mn
Cu, Co, Ni, Ti, V, Cr
Ni, Co, Ti

Nb, Ta, Ti, Sn

Ni, Co, Cr, Mg

REEs, Ti, Sc, Al

Cu, Ni, Zn, REEs, Fe, Al,
Mn, Cd

Kossoff et al. 2014; Tunsu et al.
2019

Petrunic et al. 2009

C. Li, Sun, et al. 2010; Peelman
et al. 2018; Peiravi et al. 2020

Lei et al. 2017
Rozendaal and Horn 2013

Phillip K. Gbor, Mokri, and Jia
2000

Gaballah et al. 1992

Stamboliadis, Alevizos, and
Zafiratos 2004; Ettler et al.
2016

Reid et al. 2017; Alkan et al.
2018

Aghaei et al. 2021; Macingova
and Luptakova, 2012; Ai et al.
2020; Passos et al. 2021
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Technospheric Mining: Research and
Development at Curtin

Ti, REEs,

Tin, Ni slag \
Nb, Ta, W
Process _ * Mineral _
residue, CFA Sc, Ni, Co, processing
REEs > « Extractive
metallurgy —
- hydrometallurgy,
Gold tailings Te, Au pyrometallurgy

Spent battery
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Benefit from over @ hundred years of

Curtin's Western Australian School of Mines

is located at both Curtin’s Perth Campus
mining town of Kalgoorlie, is dedicated to providing a strong
‘mining and minerals education to ensure you'll be higl tﬁ
sought after by industry upon graduation.

A degree from the School will prepare you to work within

the minerals and resources industry, one of the most
important sectors to the state, national and global

economy. WASM offers a wide range of internationally
recognised undergraduate and postgraduate studies in
‘mining engineering, metallurgical engineering, geographic
information science, mine and engineering surveying,
extractive metallurgy, applied geclogy and exploration
geophysics. i
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