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This research has investigated the changes in the circulatory pathways for
metal resources associated with the global developments of vehicle electrification and
light-weighting, as well as the impacts of technological and policy choices on mitigating resource
loss to the environment. The key findings indicate that implementing reuse and remanufacturing in a
recycling-centric resource circulation system can reduce the losses of steel, nickel, and cobalt to
the environment in Japan by 2 to 5% after 50 years since the first year of production. Further, the
newly developed solid-state electrolysis process for the upcycling of aluminium scrap is possible to

produce aluminium with a purity of 99.9%, which is comparable to that of primary aluminium from
aluminium scrap.This Brocess has the potential to address the looming imbalance in global aluminium
cycles due to the global shift to electric vehicles. With this technique, aluminium can be upgraded
and utilized as primary aluminium.
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Figure 1. Transition of materials originally used for vehicle engines across products during the

modeling period. Breakdown of the materialsinto 8 types of products and 3 types of losses.
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Figure 2a. The schematic and the electrochemical principle of the solid-state electrolysis process.

Aluminium is dissolved from aluminium scrap and deposited on the cathode, wheress the typical

alloying elements are removed as anode slime.
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Figure 2b. The composition of electrolytic Figure 2c. Comparison of

deposit,

the solid-state

showing that the typica alloying electrolysis process and the industrial processes

elements were separated into the anode dim. for primary aluminium production (Hall-Héroult

process), purification (three-layer electrolysis)

and the currently used remelting process.
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Figure 2d. Globa aluminium cycle in 2020 and 2040. The diameter of the circle represents the total

flow, and the height of the circle represents the volume of in-use stock. The labels al-c12 represent

numerical values of amounts for different categories.
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