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Research for a true sustainable circulation of resources

from a life cycle perspective
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In this research field, we conduct a wide range of analyses on nutrients and resources that form the basis of society, such as material flow analysis, the

assessment of environmental impacts related to resource use, social evaluation of technologies for alleviating environmental burdens and utilizing untapped

natural resources, and the system development of sustainable resource management. To build a sustainable society in times of multiple crisis, such as the

global climate change, overconsumption of natural resources, environmental degradation with rising inequalities, and deepening contradictions between

economics and societies, it is vital to fully understand the supply and demand structure of food, water, resources, and energy associated with economic

activities, the quantity and quality of waste and byproducts, and the overall picture of related technologies and socioeconomic events. We passionately

conduct research aimed at building a true sustainable circulation system of resources on different scales from the perspective of life cycle.
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Toward Appropriate Management of
Phosphorus and Nitrogen

Phosphorus (P) and nitrogen (N) are essential nutrients critical for
fertilizers and diverse industries, including automotive, semiconductor,
chemical, and pharmaceutical sectors. Recognizing P as a strategic
material, many nations acknowledge that supply disruptions could
severely impact food security and industrial output. However, excessive
P and N entering aquatic environments contribute to detrimental
environmental consequences, such as water pollution, eutrophication,
and acidification. Although enhanced environmental regulations and
advanced wastewater treatment technologies mitigate nutrient discharge
from terrestrial areas, coastal aquaculture faces challenges, including
seaweed discoloration and diminished seafood yields, potentially linked
to oligotrophication. Sustainable production across agriculture,
fisheries, and industry necessitates a deep understanding of nutrient
dynamics in terrestrial and coastal marine environments, coupled with
the development of effective management strategies. Currently, our
focus is on quantifying N flows associated with wastewater treatment in
Japan and municipal waste treatment in China as well as environmental
disturbances surrounding global phosphate rock mines. The findings
from these investigations have been presented at international
conferences and shared during field visits in Japan and Ghana. Such
activities fostered productive discussions regarding the efficient
utilization and proper management of nutrients regionally or worldwide.
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The exchange of knowledge and perspectives has served as a valuable
foundation for future research endeavors (Figs. 1-2).

Developing Environmental Disturbance
Assessment Methodologies for Mining Activities

Mining activities have complex and long-term impacts on the
environment, including significant land use change and ecosystem
destruction, water and soil contamination from acid mine drainage and
heavy metal leakage, disaster risks due to mismanagement of massive
amounts of tailings, and semipermanent mine water treatment that
continues even after mine closure. These impacts vary across countries
and individual mines. Even for the same ore, the environmental burden
metals carry changes significantly depending on refining technologies
and the extent of proper management. Identifying these differences and
implementing appropriate environmental management strategies
accordingly is important. Our group is developing innovative methods
to evaluate the spatiotemporal changes in environmental disturbances
caused by mining and to clarify the trade-offs of technology choices,
primarily using remote sensing, satellite imagery analysis, and machine
learning. Research papers applying these methods to copper mining in
Chile and nickel mining in Indonesia have been published in the journals
Resources and Environmental Research Letters. Our research
visualizing the total material requirement for China’s automotive
decarbonization was also published in Nature Communications.
Through field surveys in various mines in Mongolia, Nigeria, and
Ghana, we are distinguishing the characteristics of environmental
impacts caused by various mining activities (Figs. 3-4).

Vibrant Research Activities

Our internationally diverse research group has been engaged this year,
making 17 publications; delivering dozens of presentations at domestic
and international conferences held in Hiroshima, Singapore, etc.; and
receiving awards, including the Outstanding Poster Presentation Award.
We also strengthened international collaborations through workshops
with scholars from the UK, Canada, Australia, Indonesia, and China
(Fig. 5). Being invited as VIPs to the critical minerals event at the
Australia Pavilion of the Osaka Expo was a truly exceptional experience.

Fig. 1 Engaged presence at the 8th Global
Sustainable Phosphorus Summit in Ghana

Fig. 2 Thoughtful exchanges on nitrogen flows
at the 24th Pacific Science Congress in China

Fig. 3 Assessing heavy metal pollution at an artisanal
small-scale gold mine in Ghana

Fig. 4 Investigating the environmental impacts
of copper mining in Mongolia

Fig. 5 Inspiring talks with professors from
the University of Oxford and Indonesia

Fig. 6 Wrapping up the year with a party full
of unboxing surprises
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