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A planetary boundary for geological resources: Limits of regional water availability 
The study shows that the regional water availability constrains the current and future production of 32 
geological resources  

 

 
Geological resources like metals are vital for renewable energy and storage technologies but require 
significant energy and water, raising environmental concerns. An international research team led by the 
National Institute of Advanced Industrial Science and Technology (AIST), in collaboration with Professor 
Shigemi Kagawa from Kyushu University’s Faculty of Economics, identified the safe operating space for 
geological resource production within regional water limits. They highlighted troubling trends for resources 
like copper which is one of the key metals for a decarbonized future. This study aims to inform policies for 
sustainable resource production within limits of available water. 
 
Geological resources such as critical metals and minerals, essential for the diffusion of technologies such as 
renewable energy and energy storage towards a decarbonized society, are indispensable for supporting 
modern life in the form of various products and services. Their demand is expected to increase in the coming 
years owing to global population as well as economic growth. Thus far, scientists and policymakers have 
primarily discussed geological resource availability from the viewpoint of reserves and resources in the 
ecosphere and technosphere. However, resources such as metals require a lot of energy and water resources 
for various production processes such as mining, beneficiation, and refining, which may constrain their 
production. Therefore, there are concerns about whether production of geological resources can continue 
within the sustainable use limit (planetary boundary) of water availability, or if production can be increased 
to meet future increases in demand.  
 
In addition to carbon emissions associated with geological resource production, which account for about 
10% of global carbon emissions, water consumption is another major environmental concern. Alarmingly, 
water consumption in resource production has already surpassed sustainable levels in many regions, with 
24% of global water demand exceeding the carrying capacities of available water resources. This situation 
threatens to restrict the availability of critical metals and minerals necessary for advancing green 
technologies. Despite the urgency, a comprehensive global analysis of sustainable water use in geological 
resource production has been limited. 
 
In a recent advancement, an international team of researchers, led by Dr. Masaharu Motoshita from the 
Research Institute of Science for Safety and Sustainability, National Institute of Advanced Industrial Science 
and Technology, in collaboration with Professor Shigemi Kagawa from Kyushu University’s Faculty of 
Economics, explored the possibility of water constraints for geological resource availability, as a planetary 
boundary for geological resource production. 
 
Dr. Motoshita says, “We demonstrated in our previous study that major watersheds, accounting for 80% of 
the total water consumption, are facing overconsumption of water beyond their carrying capacity.” 
 
In this study, the team estimated the water consumption associated with the production of 32 key geological 
resources across around 3,300 mines worldwide. The results revealed that water use for the production of 
25 of these resources exceeded the sustainable limits of water availability. Notably, while iron production 
has high water consumption, only 9% of its production exceeded water constraints in 2010. In contrast, 
copper production, despite having lower water consumption, saw 37% of its current production surpassed 
the sustainable water limit. This highlights the need for sustainable water use in geological resource 
production, particularly for water-intensive metals like copper. 
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The study underscores that the constraints on resource production are not only determined by the total 
amount of water consumed, but also by the regional water availability. Shifting production to areas with 
lower water stress could alleviate some of these pressures; however, in many cases, it is not feasible to move 
production operations to regions with abundant water due to logistical, economic, and infrastructural 
challenges, and the geology of where the resources are located. 
 
“The findings of this project will help anticipate potential disruptions in the supply of metals and other 
materials that are critical for modern green technologies like renewable energy and energy storage,” says Dr. 
Motoshita. “By improving resource efficiency, enhancing recyclability, and exploring alternative resources, 
we can address future supply challenges. Additionally, these insights will guide policy decisions on resource 
exploration and procurement, the selection of alternative materials, and the development of sustainability 
targets for geological resource use and recycling.” 
 
The study emphasizes the need for a more comprehensive consideration of environmental constraints in the 
future production of geological resources. With rising demand and growing environmental pressures, 
understanding and managing environmental consequences of geological resource production is crucial for 
achieving long-term sustainability and meeting the global goals for clean energy and decarbonization. 
 

### 
 
For more information about this research, see “Geological resource production constrained by regional 
water availability” Kamrul Islam, Keitaro Maeno, Ryosuke Yokoi, Damien Giurco, Shigemi Kagawa, Shinsuke 
Murakami, Masaharu Motoshita Science, https://doi.org/10.1126/science.adk5318 
 
About Kyushu University  
Founded in 1911, Kyushu University is one of Japan's leading research-oriented institutes of higher 
education, consistently ranking as one of the top ten Japanese universities in the Times Higher Education 
World University Rankings and the QS World Rankings. The university is one of the seven national universities 
in Japan, located in Fukuoka, on the island of Kyushu—the most southwestern of Japan’s four main islands 
with a population and land size slightly larger than Belgium. Kyushu U’s multiple campuses—home to around 
19,000 students and 8000 faculty and staff—are located around Fukuoka City, a coastal metropolis that is 
frequently ranked among the world's most livable cities and historically known as Japan's gateway to Asia. 
Through its VISION 2030, Kyushu U will “drive social change with integrative knowledge.” By fusing the 
spectrum of knowledge, from the humanities and arts to engineering and medical sciences, Kyushu U will 
strengthen its research in the key areas of decarbonization, medicine and health, and environment and food, 
to tackle society’s most pressing issues. 
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Fig. 1. Proportion of current geological resource production 
exceeding production capacity determined by the regional water 
availability for the top ten geological resources with the largest 
volume of water overconsumption.  
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