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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 our 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 systemic development of sustainable resource management. To build a sustainable society in times of multiple crises,

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

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

economic activities, the quantity and quality of waste and by-products, 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 life cycle perspective.
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Development and evaluation of
new recycling technologies

Aluminum (Al) is one of the most recycled and recyclable materials in
use today. The recycling of Al scrap today utilizing remelting techniques
downgrades the quality of the Al because impurities are accumulated in
the recycled Al and their concentration gradually increases every time
the Al scrap is recycled. This downgraded recycled Al is mostly used in
vehicle engine blocks as Al casting alloys. With the global shift from
gasoline vehicles to electric vehicles, the predicted increase in demand
for high-grade Al is expected to be accompanied by a drop in the demand
for low-grade recycled Al. This will lead to an imbalance in Al cycles
and a secondary Al surplus that has become a “dead metal.” This
looming imbalance in the Al cycle is a common challenge for developed
countries, but rational solutions are available for it. Through the
cooperation with Professor Hongmin Zhu’s group from the Graduate
School of Engineering at Tohoku University, we developed the world’s
first and only solid-state electrolysis (SSE) process for upcycling Al
scrap and evaluated the effects of introducing the SSE process to global
Al cycles, with the aim of achieving true sustainability in the Al industry.
The results have been published in Nature (Fig.1).
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Fig.1 Global aluminium cycle in 2020 and 2040 (Lu, X., Zhang, Z., et al.
Nature 606, 511-515, 2022. https://doi.org/10.1038/s41586-022-04748-4)

Fig.2 Group photo at the ASGM event.
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Fig.3 Distinguished Service

Fig.4 Binze Wang’s award
Award for Prof. Kazuyo Matsubae of merit.
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Fig.5 Dheanara Pinka’s award of merit.

Minimizing supply chain risks of
mineral resources

The supply chain of minerals, from the extraction of resources and the
production of goods through to the distribution of products, is
accompanied by various risks. Strategic resource management in the
context of risk factors that may constrain the supply of minerals is of
vital importance for the sustainable use of minerals. We have begun a
project titled “Systemic Development of Resource Logistics for
Minimizing Supply Chain Risks of Mineral Resource” (JPMIMI2115),
funded by the Japan Science and Technology Agency (JST). In addition,
we have co-organized an event titled “Mercury Legacy in Artisanal and
Small-Scale Gold Mining (ASGM)” at the International Conference on
EcoBalance in Fukuoka City in October 2022. International views have
been exchanged on the issues associated with the use and trade of
mercury, and the development of detection methods for illegal gold
mining to achieve sound management of mercury in the ASGM. We will
continue to strengthen the cooperation with experts in this field and
support decision-making to minimize supply risks for minerals in
industries (Fig.2).

Research outcome communication
and awards

In 2022, we enthusiastically presented our research outcomes and were
awarded in several fields. Prof. Kazuyou Matsubae received the
Distinguished Service Award for her achievements in the field of life
cycle thinking for sustainable phosphorus management from the
Institute of Life Cycle Assessment of Japan (Fig.3). Binze Wang received
both the Best Poster Award and the Dean’s Award for her excellent
research on China’s secondary aluminum flow analysis at the 4th
Academic Forum on Environmental Studies in the GSES (Fig.4).
Moreover, Dheanara Pinka won one of the five selected for the Best
Poster Award for her presentation on the environmental impact
assessment of Japanese pearl farming at the 14th International Society
for Industrial Ecology Socio-Economic Metabolism (ISIE-SEM)
Conference held in Vienna, Austria (Fig.5). Further, Dr. Aurup Ratan
Dhar received his PhD in September, and he was commended for his
academic achievement by the GSES (Fig.6)
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Best Poster Award

IMrersare Pinka

Fig.6 Dr. Aurup Ratan Dhar’s
award of merit.
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