
UTS CRICOS 00099F

Prospective, spatially-explicit 
LCA of global copper mining 
considering uncertainties in 
regional supply
Stephen Northey, Damien Giurco, Bernardo Mendonca
 University of Technology Sydney, Institute for Sustainable Futures

Laura Sonter
 University of Queensland, School of the Environment

11th Australian Conference on Life Cycle Assessment, 20th July 2023



0

2

4

6

8

10

12

14

16

18

201020001990198019701960195019401930192019101900

m
ill

io
n

 t
o

n
n

e
s 

C
u

 /
 y

e
ar

Africa

Asia

Europe

North and Central America

South America

Oceania

20th century saw large increases in copper mining 



The Problem

Watari et al. (2020). Resources, Conservation & Recycling 155: 104669.



The future is uncertain,
but it can be grappled with

e.g. Shared Socio-economic Pathways (SSPs)

https://tntcat.iiasa.ac.at/SspDb/ 

https://tntcat.iiasa.ac.at/SspDb/


Growth in copper demand is expected under a ‘middle of the road’ pathway 

(SSP 2 RCP 2.6)

Klose, Pauliuk (2023). Sector-level estimates for global future copper demand and the potential 

for resource efficiency. Resources, Conservation & Recycling 193: 106941.



Resource efficiency and circular economy related strategies

have potential to substantially reduce copper demand overtime

Klose, Pauliuk (2023). Sector-level estimates for global future copper demand and the potential 

for resource efficiency. Resources, Conservation & Recycling 193: 106941.



A key uncertainty is where the copper will 

actually come from
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Primary Material Supply



‘Black Box’ model

(it’s very popular)

Primary Material Supply



Black boxes for primary supply 

obscure the diversity in 

possible industry impacts and 

outcomes



Primary Exploration, Mining 

and Metal Supply Scenario 

(PEMMSS) model









4 Co-products – 1000 iterations



4 Co-products – 1000 iterations – Ore Requirement



The PEMMSS model is data intensive, 

but can handle data gaps

and is reasonably flexible



Calibrating for Copper



Calibrating for Copper – Known Resources

(Mudd & Jowitt, 2018)



Calibrating for Copper – Co-Product Grades

(Werner et al., 2017)



Calibrating for Copper – Brownfield Expansion

(Mudd & Jowitt, 2018)



Calibrating for Copper – Production Capacity

(unpublished)
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Calibrating for Copper – Development Periods

(Kharitonova et al., 2013)



Calibrating for Copper – Deposit Discovery Rates

(Crowson, 2012)



Calibrating for Copper – Deposit Value
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(Walsh et al., 2020; Haynes et al., 2020)



Calibrating for Copper – Undiscovered Deposits

(Gerst, 2008; USGS / Singer et al., 2008; 2018)



Calibrating for Copper – Processing Pathways

(unpublished)



Calibrating for Copper – Linking to Demand

(Pauliuk et al., 2020)
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Calibrating for Copper
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SSP 2 RCP 2.6



New Mines Required Mine Closures

SSP 2 RCP 2.6

Unpublished and Preliminary. These Results Will Change.

Mines Producing



New Mines Required Mine Closures

SSP 2 RCP 2.6

Mines Producing

Unpublished and Preliminary. These Results Will Change.



But what does this all mean 

for prospective LCA?



No two mines have the same impact on the landscape

Photo by S. Northey, August 2016



Photo by S. Northey, August 2016

No two mines have the same impact on the landscape



No two mines have the same impact on the landscape

Photo by S. Northey, March 2013



No two mines have the same impact on the landscape



No two mines have the same impact on the landscape

Photo by G. Mudd, August 2016



No two mines have the same impact on the landscape



No two mines have the same impact on the landscape



Werner et al., 2020. Global Environmental Change 60: 102007 

There is considerable variability in land-use,

but some relative differences between commodity groups



A complication for LCA is that

land transformations don’t always coincide with production

Werner et al., 2020. Global Environmental Change 60: 102007 



Unpublished and Preliminary. These Results Will Change.

Pits Tailings Storage Facilities

Water Ponds Processing Facilities Waste Rock Dumps

Future land-transformations of mining are highly uncertain 



Unpublished and Preliminary. These Results Will Change.

Future land-transformations of mining are highly uncertain 



Including the regional mix of these changes and impacts

Unpublished and Preliminary. These Results Will Change.
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Scenario modelling of land-use and biodiversity impacts is being supported by an ARC Discovery Project

Ecologically responsible mining to fuel a green energy transition

University of Queensland – Laura Sonter, Martine Maron, Rick Valenta, Eve McDonald-Madden

University of Technology Sydney – Stephen Northey, Bernardo Mendonca

University of Kent – Joseph Bull

Vienna University of Economics and Business – Stefan Giljum

International Institute for Applied Systems Analysis – Piero Visconti



Moving beyond the foreground



Complementary approaches are linking background 

databases to integrated assessment models to incorporate 

energy sector and recursive changes overtime

Harrprecht, van Oers, Northey, Yang, Steubing (2022). Journal of Industrial Ecology 25: 1543-1559. 

https://doi.org/10.1111/jiec.13258 
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Primary Exploration, Mining and Metal Supply Scenario (PEMMSS) model

GitHub - https://github.com/sanorthey/pemmss
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