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The Mine of the Future 

WHY? WHAT? WHERE? HOW? WHO?

Mining is a BIG topic



WHY?

Why do we Mine?



WHY?

Oldest Stone 
tools: 3.3 Ma

(Lake Turkana, 
Kenya)

Pre-dating genus 
Homo by 0.5 MA 

Humans have always 
mined earth resources
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1 – 0.5 Ma
Acheulean 

(Africa-Europe)
Oldest Mines: 42,000 years

Ngwenya, Swaziland
Hematite ochre

Oldest metal tool: 
~7,000 years
(Middle East)



WHY?



WHY?

And it is 
speeding up…

The volume of human-
made materials on the 
planet now exceeds 

the volume of biomass 
on the planet

https://www.nature.com/articles/s41586-020-3010-5



WHAT?

‘Between 1900 and 2000 
the United States used 

4.5 billion tons of cement. 

In 3 years between 2010 
and 2013 China used 

6.6 billion tones of cement’

Larry Meinert, USGS, 2015

US
1900-2000

CHINA
2010-2013

4.5 Gt

6.6 Gt

Q: What is the most mined 
commodity in the world?

A: SAND 
~50 Bt per year = 18kg+ for EACH person, 

EVERY DAY



WHY?

Think about all the resources in those buildings…in one part of one 
city in one country…and it’s India and Africa’s turn next…    



WHY?

Global shift to renewable energy

Population is growing faster than at any time in 
history

Mineral consumption is growing faster than 
population

https://www.statista.com/statistics/1103218/global-battery-demand-forecast/



WHAT?

What do we Mine?



WHAT?

Zepf et al (2014)

WE ARE USING MORE 
ELEMENTS EVERY YEAR



WHAT?

Global 
Population: 1 Bn 1.6 Bn 6.5 Bn 8 Bn+

19001800 2000 2010 2025+

We are entering the 5th Industrial Revolution



WHAT?

‘In 1995 a mobile phone 
used ~30 elements, 

in 2025 a mobile phone 
uses ~75 elements’

‘We had no way of predicting 
the huge rise in demand for 
these additional elements’. 

‘Which elements will be in 
demand in 20 years from 

now?’ 

‘Where will we source them 
from?’

Larry Meinert, USGS, 2015



WHAT?

World Energy Outlook 2024 
(International Energy Agency 2024)

Global shift to 
renewable 
energy will 

require more 
resources than 

ever before



WHAT?

Global EV stock
Predicted to 

increase at least 10 
times by 2030

Global EV Outlook 2021 (International Energy Agency)



WHAT?

Metal Usage: How Much Copper

~6g
(older models 

~15-20g)

~20-25kg ~40-60kg
~80-100kg

Regular internal 
combustion engine car

(Dacia)

Hybrid petrol/electric car

Electric car

~100kg ~4,000kg ~7,300kg (Newer models ~4t)

Up to ~30,000kg
(30t) (!)
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WHAT?

Global Copper Production and Primary Demand
https://view.ceros.com/wood-mackenzie/infographic-2-1/p/1

In last 25 
years we 

have used 
HALF of the 

copper ever 
mined

During the next 25 years we will have to DOUBLE the 700Mt 
of Cu ever mined…..



WHAT?

Global Copper Production and Primary Demand

During the next 25 years we will have to DOUBLE the 700Mt 
of Cu ever mined…..

Is this 
sustainable?

2.5 
Adelaide 

Ovals
3.2 

Adelaide 
Ovals



WHAT?

Rare Earth Elements Last 10 years has seen a 
surge in demand for REE

REE supply chain is heavily politicised

Predicted Global Defence 
Spending: ~$2.5 Trillion USD

Predicted 
Global Green 
Technology 

Demand: 
$0.5 Trillion USD

~500kg REE

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjcuqq_npDOAhVEG5QKHdS0C4sQjRwIBw&url=http://cleantechnica.com/2014/04/21/real-innovation-wind-energy/&bvm=bv.128153897,d.dGo&psig=AFQjCNH3Mo8lZPD59j6BjpjcBunusEly6w&ust=1469591861914273
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjcuqq_npDOAhVEG5QKHdS0C4sQjRwIBw&url=http://cleantechnica.com/2014/04/21/real-innovation-wind-energy/&bvm=bv.128153897,d.dGo&psig=AFQjCNH3Mo8lZPD59j6BjpjcBunusEly6w&ust=1469591861914273


WHAT?

REE supply chain is heavily politicised



WHAT?

Global metal use is on the increase

Jowitt (2022)

DEMAND FOR 
ALL METALS IS 
INCREASING: 
ALL METALS 
ARE NOW 
CRITICAL

WHERE WILL 
WE SOURCE 

THEM FROM?
ALL METALS ARE CRITICAL



WHERE?

Where will we Mine?



WHERE?

Geopolitics of 
resources will 
only increase

Access to 
critical minerals 

is strategic 

China currently 
controls most 

REE production

Huge 
opportunity for 
African nations



WHERE?

Many countries have an 
opportunity to benefit 

from the 
‘Critical Metals Gold Rush’ 

Importance 
of Mining to 
Australia

Mining was worth $455 
Billion to the Australian 
economy in 2022-2023



WHERE?

Australia’s Critical 
Mineral Opportunity



WHERE?

100’s of new mines 
all around the 

world are needed 
to meet predicted 

metal demand

Many of the largest mines in the world 
have gone past peak production, 

and some are closing

Where will the new mines be?

Mount Isa, 
Cu mine
Qld, Australia

How will you find them?

Average lag from discovery to mining is 10-15 yrs +



WHERE?

Most of the mines of the future will be ore 
deposits that we haven’t discovered yet!

Effective mineral exploration and training are 
crucial to meeting future mineral demand 

100’s of new mines 
all around the 

world are needed 
to meet predicted 

metal demand



HOW?

How will we Mine?



HOW?

Mining has always changed, and embraced technology

Australia’s Oldest Mine: 
30-40,000 years

Wilgie Mia (Thuwarri Thaa), 
Wajarri Country, WA

Hematite ochre

South Australia’s Oldest Mines: 
Glen Osmond, 1845

Moonta Mines, 1860’s
Cu, Au, Ag, Co

South Australia’s Largest Mine: 
Olympic Dam (IOCG)

Cu, Au (U, Ag)
10 Bt @ 0.57% Cu, 0.26 g/t Au, 1.0 g/t 

Ag, 0.19 kg/t U3O8



HOW?

Mining is stuck with many 
stereotypes



HOW?

The Importance of Technology for Future Mines



HOW?

The Importance of Technology for Future Mines: Mining styles

BHP Website

Sub-level cave and Block cave operation (production level at 1,500m)
Long-mine life, most efficient underground mining technique
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Complex IOCG
breccia ore

Carrapateena Cu-Au deposit, 
South Australia (950Mt @ 0.57% Cu, 0.25g/t Au)

1500m



HOW?

The Importance of Technology for Future Mines: Mining styles

Kapunda, Cu-Au deposit, South Australia (47Mt @ 0.25% Cu for 119,000t Cu)

In-Situ 
Recovery 

(ISR)



HOW?

The Importance of Technology for Future Mines: Mining styles

• Discovered in 1842, mined from 1844-1879
• Important economically for South Australia
• Mined secondary Cu-oxides 
• Site abandoned for >150 years

Kapunda, Cu-Au deposit, South Australia (47Mt @ 0.25% Cu for 119,000t Cu)



HOW?

The Importance of Technology for Future Mines: Mining styles

Kapunda, Cu-Au deposit, South Australia (47Mt @ 0.25% Cu for 119,000t Cu)

Historic open pit 
has become a 

tourist attraction

Site is currently using 
In-Situ 

Recovery (ISR)

Ground water is 
very high in Cu 



HOW?

The Importance of Technology for Future Mines: Mining styles

Kapunda, Cu-Au deposit, South Australia (47Mt @ 0.25% Cu for 119,000t Cu)

ISR will access Cu-rich ground water

Fracture patterns and flow rates have 
been mapped and modeled

Careful monitoring and 
detailed geophysics surveys 

have been completed

ISR commonly used 
for oil-gas and 
Uranium extraction



HOW?

The Importance of Technology for Future Mines: Mining styles

Kapunda, Cu-Au deposit, South Australia (47Mt @ 0.25% Cu for 119,000t Cu)

‘The invisible mine’

Production to start in 2025

Technology has world-
wide application

Well bores
Well bores

47Mt @ 0.25% Cu for 119,000t Cu
Cu @ $19,118 AUD per tonne (2nd July 2026) 

= $2,275,042,000 ($2.2 BILLION DOLLARS!)



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

= Volume of mine 
waste will 

dramatically increase

Increase in mining + 
decrease in average grade 



HOW?

The Importance of Technology for Future Mines: WASTE IS A BIG ISSUE

METAL RECOVERY FROM MINE WASTE 
IS ALSO SIGNIFICANT OPPORTUNITY

Future mines 
must embrace 
the CIRCULAR 

ECONOMY

Growing importance to find 
value in as many of the 

products of mining as possible



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

INNOVATION IS KEY



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

Australia is currently 
investing in 

generating an Atlas 
of Mine Waste

Atlas lists quantity 
and type of waste, as 
well as metal content



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

Multi-scale 
characterisation is 

also providing 
metallurgical and 

environmental data

LIBS SEM-EDS

Extensive sampling 
taking place on 

historic mine sites, 
waste dumps and 
tailings facilities



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

BUT HOW DO WE RECOVER 
THE METALS?

There is huge opportunity for 
innovation in materials processing



HOW?

The Importance of Technology for Future Mines: WASTE

METAL RECOVERY FROM MINE WASTE 
IS SIGNIFICANT OPPORTUNITY

Resin In Moist Mix (RIMM) method near 
to large-scale trial in South Australia 

~95% Cu recovery from waste material 
in 1 hour treatment cycle



WHO?

Who will Mine?



WHO?

• How do we attract 
the next generation 
of talent into the 
exploration and 
mining industry?



Student associations with mining (Nathan Reed,  YouthInsight, 2018) 
(n = 1,061: Yr 10, 11, 12, TAFE and 1st Yr Uni students).



The Industry and Education 
Landscape is Changing 

UNCOVER 
Challenge

Industry 
5.0

Data Analytics
‘Big Data’

Digital literacy New Technologies

Traditional Geoscience Education

Disruptive Ideas

Diversity 
of People

Community Acceptance
Partnerships with 

Traditional 
Owners

Retaining Talent



• 17 Universities in Australia 
offer geoscience 
degrees  (2 lost since 2022)
(Only 2 offer geophysics in 2024) 

• ‘Boom and Bust’ still 
dominates enrolments  
(~2 year time lag) 

• Not just an Australian 
problem (Europe/Americas) 

• Not just geoscience     
(Mining Engineering has known 
for years…+ Chemical Eng) Selected 2nd-3rd yr Geoscience enrolments at University of Adelaide 2015-2021

2021 Australian Geoscience Tertiary Education Profile
Report to the Australian Geoscience Council. www.agc.org.au/reports. 

GEOSCIENCE AND 
STEM TEACHING IN IS 

IN TROUBLE!

(Many universities are 
in trouble!)



• Kids don’t know about 
geoscience!

• There is a huge disconnect 
between ‘stuff’ and ‘mining’ 

Lack of knowledge about careers

Mining lacks personal relevance

Few students hard set on single 
career choice

WHO?

Where are the geoscience/STEM 
students going to come from?

• Just 1% of young Australians are 
interested in mining careers

• 73% believe it does more harm than 
good

• 40% of STEM students lack a clear 
understanding of the modern industry

• 70% globally were not considering it 



What skills will geoscientists of the future require?

Acknowledgement to Gavin Yeates and the Minerals Council of Australia for slide

BBC/Glencore

They need to 
be good 

geoscientists!



• How can we best prepare them for the industry?

WHO?



• Founded in 2016, NExUS is a collaboration of Universities, Government and 
Industry partners to deliver a world-class program of training. 

• Students from any University across Australia can apply to be part of the 
programs; intention is to have a group of passionate and engaged students.



• Almost all the major 
mineral discoveries 
in Australia were in 
places with 
outcropping host 
geology: <50% of 
the continent.

• New discoveries 
MUST be found 
under cover (~75% 
of continent)

Exploration Under Post-
Mineralisation Cover







WHY? WHAT? WHERE? HOW? WHO?

We urgently need to inspire and upskill the 
next generation of exploration and mining 
professionals to meet the growing demand 

for critical metals



WHY? WHAT? WHERE? HOW? WHO?

The mine of the future will look like 
WE want it to



The Mine of the Future 

WHY? WHAT? WHERE? HOW? WHO?

Thank You


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Metal Usage: How Much Copper
	Slide Number 17
	Slide Number 18
	Rare Earth Elements
	Slide Number 20
	Global metal use is on the increase
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59

