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How mineral use has expanded over time?
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Growing dependence on mineral resources for modern
technologies and energy transitions.



Mineral demand in the age of decarbonization

INSIGHTS

POLICY FORUM

ENERGY

Sustainable minerals and
metals for a low-carbon future

Policy coordination is needed for global supply chains
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metals demanded by a low-carbon economy

concluded that expected demand for 14
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more than 7100 GW (3). The materials and

will be immense (4). One recent assessment
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Growth in mineral needs for low-carbon energy technology
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Increasing global demand of minerals for decarbonization requires

the urgent sustainable resource governance.


https://doi.org/10.1126/science.aaz6003

Mineral abundance is not enough

Availability of minerals is not just a matter of geological
abundance:

. .S'upp/y diSI’UpﬁOﬂS (e.g., disasters, strikes, geopolitical tensions)

/£ f - =w @ Geographical imbalance in resource distribution

? Environmental constraints (e.g., climate change, water, biodiversity,
~etc.)

Potential of environmental constraints is not well explored.




Issues in mineral production and challenges

Environmental goals could
restrict production!
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Dependence on water resource

Water associated with minerals 40% of global population will face
production is concerned (the IEA report). water scarcity in 2050

The Role of Critical
Minerals in Clean Energy
Transitions
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0001 I I I | | Some minerals
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in-clean-energy-transitions
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Objectives

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

&

Planetary boundary (PB) approach

Define a specific goal for sustainable mineral use

How much minerals can we use under regional

water availability as a constraint?



Methods: Planetary boundary-based assessment -2

I[SNL mining datal = [Water use mapping] = [Overconsumption detection] =
[Future projections]
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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.

Maximum capacity

Shift production to countries

" with surplus capacity

Based on remaining
production capacity

Global sustainability

Prioritize largest mass of
overproduction

Based on economic
competitiveness (RCA)

Local sustainability

Prioritize highest
overproduction rate

Based on economic
competitiveness
(RCA)



Global mining water use: Who uses how much?

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

Results

In terms of regional water availability...
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=> |ron uses water the most, but... 377% already beyond water limits.
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Where are we exceeding water limits?
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Results

4 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%).

A\ Overproduction is mainly
linked to Cu (22 sites), Au (14),
Fe (11), and Coal (8).
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What happens to future water stress without any action? ....AST
Results

SSP1 SSP2 || SSP3 SSP4 SSP5
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Mining water consumption [million cubic meter]

2010 2050 2100

Future mining water use may triple
— even in the sustainability scenario.
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Can we alleviate overproduction?
Results

Copper
Ball Substitution case 1 Substitution case 2 Substitution case 3
R Red:
Mine Mine Mine MMine "
Commtry production Country production Country production Country production
[tom] [tom] [tom] [tom] d t -
1 | Chile 3,213 853 | Zambia 2169181 | Chle 2985325 | Chle 3,172,791
2 | Pem 1177394 | Chile 1914 560 | Zamhia 2169181 | Zambhia 2160181
3| UsSA 1,133,574 | Canada 1,581,236 | Canada 1,581.236 | Canada 1,581,236
4 | Australia 876,754 | Poland 1,346,535 | Poland 1,346 535 | Poland 1,346,335
5 | Indonesia 249.127 | Dem. Rep. Congo 1,053,355 | Australia 876,734 | Australia £76,734
6 | Zambia 685292 | Australia 714573 | Indonesia 738349 | Indonesia 738349
Blue:
7 | China 634,116 | Indomesia 738,349 | China 654116 | China 634 116 =
£ | Russia 374,243 | USA 3B1,783 | UsA 581,783 | UsSA 581,783 .
9 | Canada 499 547 | China 574,046 | Russia 560,543 | Fussia 560,543 W I t h O u t
10 | Poland 425400 | Bussia 560,543 | Pem 451,075 | Pem 451.075 d t ]
Fest 2 800463 3,395,602 2,944 866 2757 400 OV e r p ro u C I O n
Total 14 889 7463 14 889 763 14 889 763 14 889 763
Overproduction 3,334 342 0 1,664 798 1,767 961
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Conclusions and implications

Mineral production could be restricted by environmental issues.
- In particular, copper could be the most concerned.

=> |mprovement 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.

Shookd deaf kidh with hasring devices
wie sign Lagwage?
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Islam et al. 2025. Sci/ence,
387(6739), 1214-1218.

SUSTAINABILITY

Geological resource production constrained by

regional water availability

Kasmirul lalsm’, Keitaro Maeno’, Ryesuike Yoko!', Damisn Glurco®, Shigemi Kagaws®,

Shinsuke Muraksmi®, Masshary Motosh

Although the global economy requl

resource mining. pr jon has

envirenmental impscts. including the use of regional svailsble wates In tis study we shed Bghton
the ghobal production capscity of 32 mined geological rescurces, considlering regionsl wates
availability 25 & constraint. We found that curent resource mining greatly excesds regional

witer constraints for several, notably copper (37% of curent production exceeds avaishle water
capacity) in 2000, Changing the location of proguction to regions of lower water stress weoald

slleviste current of water

however, g econamic Eactors shows

that this is not shways feasible. Future demand for geological resources s expected to require

in water

resource i crucial for

the constraints of waber resources in

ined geological resources, for example,
mineralks, metals, and mclks, are essen-
il for developing and sustaining the
global ecoromy. Sirsee the early 20005,
gealogioa] resoures extraction hus Heen
by more than 50% (I, driven by ineressing
demand for mw materisls, and this upwand
trend is expected to continue because of the
bulld-up of global mate sl stocks () and the

panslan of low-carban such
a8 wind and solar enengy and battery stomge
eapaities (3, £ T j

ter uge in other production systems, such =
agriculture. Mining, slthough constituting 2
sl fraction of global water use (2 to 45%
i i i g-intensve countries), substant ially
stralns reglonsl water supplies, inpacti

the theqretical potentis] of alleviating the over-
production of geolaglesl resounces based an
three defined scenarios. Lastly, we demon-
astrated how water costrsi pts may cause gaps
etween suetsinshle produdion and projected
flstur d

ing socloemnomie pathways (S5Ps) & future
soensarios (gee detalls in mater sk and medhods)
(arog The definitions of key temms in this
work are availshle in tahle 52

Results

Wister comsumptbn br geological resource
production and its spatiad distribation

The tots] water casum ption for geologiesl re-
soure production [induding evtraction, aush-
ing processirg, and refining (see detalls in
muterials and methods)] in 2000 from the
2319 mines sudied wasestimated tobe 5739
(+1564) million m?. The estimated valume
of water consum ptlon for geologiel rsoure
production was equivalent to 7 (+2)% of
total industrial water cansumption in 2010
(9616 millon ') Six major geological re-
sources acmunted for $4% of the totsl water

q
tity and quality (24 Our previous study de-
termines sustainable water use by regional
earrylig eapadities (ROC), which are defined
2 the remaining water for humanity after
securing water for ecosyslems (35 Acmrd-
ing o the estimate based an thiz spproach,

of geologleal resouress ean lead to seversl ad-
vemse enviranmental effects, including land
use changes (587, Hodiversity los (515,
inxcressed 003 emisions (1), add mine dmin-
age (15, periodic tailings dam disssters (75,
and water pollution (77). The sgnificant in-
erease in the production of mined geologieal
resources {5 a part of the “grest scosleration™
(25) argushly pushing the globsl socleco-
ndnie metabolim beyond fanestary hounds-
Fies (719, 20, whieh definses: 2 ssfoqpersting spase
for the current soclety to develop and thrive
while maintaining the reslience and fune-
thoning of the earth system.

Minirg and p perstions of ge-

uge currently exceeds the Umits of
water resoiroes st the regionsl level, depriving
aquatic ecosystems of the water they need to
ensdure. Therefore, gealogical resoume produs-
tiom at the locstion where water is overexpl aited
beyond the exrrylng caparity will need i reduce
prodution (to the limit fr aquatic scmystem
oservation).

In this study, we aimed to determine 2 sus-
tainshle capaeity for geologieal resource produe
thon under the constraint of reglonsl avaiflable
water and Identify the potertisl gape between
sustainshle production and projected future
demand Firtly, we established datssets on
water cotsumption intensty for produclisg

ological resowrces require great smounts of
wiater, often entering the operations fom sur-
face and underground water sources (37-23)

water use and in ge-
ologiesl resource mining and procesing is
a eritieal challenge, as it petes with wa-

32 resources in 2000 (table 1),
representing sll geolagics] resources avallable
in the SNL dstabase, through an extensive
litersture review. The SNL dstshase provides
the operstions] dats of global mines with the
largest epverage, incheding the mined volume

ofeach resouree (35). Linking water
conumm o stensity with geologiel resoms
production dats from the SNL dstabsge en-

Fomaarch ImsAnte of Soen e for Satey
Naoral lnstfute of Advanced Induearil Science and
Tachnology, AEST Teububa West, 16-1 Cnogawa, Taububa,
Iharad, fapan. AnsSute br Sustanable Fuures, Uniersity
of Technology Spdnay, Lilimo, Mew Sauth Walws, Ausrala
uity of Economics, Kyushy Unkerssy, 14 Motook,
ishia, Fuucka, fapan. *epartmant of Tecnology
Maragemers for Imvation, Gradua Schod of Engnewring
Tha Linversiy of Takya, 31 Hongo, Bunkeyork, Tokyo, Japan.
e

e v e
for geologleal resource production on a global
seale. Secandly, we defined the overproduction
of geologies] resources based om the water vol-
ume mnsumed for gealogical resouree produe
tion beyond the RCCE of water resources of
global watersheds, which were estimated in
a previous study (25). Thirdly, we explored

Tslam of of, Felenct B87, 1T4- 1015 (X35} 14 Mareh 2005

fr resouree prodise-
tion in the warld: iron (33%), cosl 24%), phas-
phate {15%), copper (M%), gold (8%), and
nickel (4%) (Fig 1; see table S8 for detalls).
Tron and eoal required s relstively smaller vol-
ume of water consumption per ton produced
ftable 53) wheress the relaively larger pro-
duction volumes contribute to the dominsnt
wasber oy Pt fior these: geokogical resoumes
(tatle 58) By aonirast, pusphate production was
less tham ane-tenth that of inan and coal but
resuhted in & comparshle smount of water aon-
sumption for its production because it is so
‘water inte natve.

o

Hickel

2

Bad  4%)

Coal
v
)

Fig. 1 Breakdown of the total water consump-
tion (million cubic: meters) for mineral produc-
thon by geological resource.
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Questions and comments?

Want to know more/collaborate?

Contact:

kamrul-islam@aist.go.jp
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