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How mineral use has expanded over time?

Growing dependence on mineral resources for modern 
technologies and energy transitions.

Zepf et al. 2014
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Mineral demand in the age of decarbonization

Increasing global demand of minerals for decarbonization requires 
the urgent sustainable resource governance.

DOI: 10.1126/science.aaz6003

https://doi.org/10.1126/science.aaz6003
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Mineral abundance is not enough

 Supply disruptions (e.g., disasters, strikes, geopolitical tensions)

 Geographical imbalance in resource distribution

 Environmental constraints (e.g., climate change, water, biodiversity, 

etc.)

Potential of environmental constraints is not well explored.

Availability of minerals is not just a matter of geological 
abundance:
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Issues in mineral production and challenges
Mineral production requires energy (CO2), 
water and land use

Onsite of mining

10% of the global total 
(at maximum) from metal 
production

Environmental goals could 
restrict production!
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Dependence on water resource
40% of global population will face 

water scarcity in 2050

https://www.iea.org/reports/the-role-of-critical-minerals-
in-clean-energy-transitions

Some minerals 

require large volume

of water.

Water associated with minerals 

production is concerned (the IEA report).

Can we secure water for mineral production?

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
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Objectives

Exploring the sustainable limits of mineral production under the 
environmental constraints:

How much minerals can we use under regional 
water availability as a constraint?

Planetary boundary (PB) approach

Define a specific goal for sustainable mineral use
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Methods: Planetary boundary-based assessment
[SNL mining data] ➔ [Water use mapping] ➔ [Overconsumption detection] ➔ 
[Future projections]

Mining water 
consumption

Water consumption 
intensity

(based on intensive 
literature review)

SNL mining data
(3,319 mines; 32 

types)

a) b) Coal

Cu

Fe

Ni

Al

Pb

Zn

Future mining water 
consumption

(based on SSPs) 

c)

X
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Methods: How to alleviate overproduction?

To reduce overproduction where mining exceeds regional water limits, we explored 
substitution of production to less water-stressed countries through three scenarios.

Scenario 1 Scenario 2 Scenario 3

Maximum capacity Global sustainability Local sustainability

Shift production to countries 
with surplus capacity

Based on remaining 
production capacity

Prioritize largest mass of 
overproduction

Based on economic 
competitiveness (RCA)

Prioritize highest 
overproduction rate

Based on economic 
competitiveness 
(RCA)
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Global mining water use: Who uses how much?

Total mining water use: 6,739 m³ 
(around 7% of global industrial use)

=> Iron uses water the most, but...

=>Copper is the most concerned: 

37% already beyond water limits.

Results

In terms of regional water availability...
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Where are we exceeding water limits?

 Overproduction is mainly 
linked to Cu (22 sites), Au (14), 
Fe (11), and Coal (8).

 Chile and Peru emerged as 
overconsumption hotspots.

 6% of global mining 
watersheds exceeded 
sustainable water use levels.

 50% of these watersheds 
had extreme overproduction 
rates (>75%).

Results
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What happens to future water stress without any action?

Future mining water use may triple 

— even in the sustainability scenario.

Results
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Can we alleviate overproduction?

Red: 

overproduction

Results

Blue: 

without 

overproduction
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Conclusions and implications

Mineral production could be restricted by environmental issues.

 - In particular, copper could be the most concerned.

 => Improvement of water intensity for production, exploration of substitutes, 

and establishment of recycling technologies and systems are crucial.

The proposed PB approach can support industries and resource 

management policy.

  • Preparation for future disruption

  • Exploration of materials for technology development
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Our study featured in Science

The first ever PB definition of 
mineral production in the world.

Islam et al. 2025. Science, 

387(6739), 1214–1218.
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Questions and comments?

Want to know more/collaborate?

Contact:

kamrul-islam@aist.go.jp 

mailto:kamrul-islam@aist.go.jp
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