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As an outcome of global growth of economies and populations during recent decades, consumption of
metals such as aluminum, copper and zinc have increased rapidly, creating vast quantities of metallic
materials accumulated in human society. Based on the growth rate of primary production, important
metals of aluminum, copper and zinc may be arrived in scarcity in the next about 50 years. Achieving
sustainable management of metals demands consideration of not only primary materials in the natural
environment but also secondary materials in our society as resources for utilization. This thesis applied
our proposed classification framework of secondary resources to aluminum, copper and zinc to
investigate the applicability of the framework and to assess the secondary reserves and resource of those
metals in the selected major countries. For estimating secondary reserves, we introduced the variable
“secondary reserve ratio”: the fraction of in-use metal stocks that is technically and economically
recoverable. In 2010, our estimates showed the United States has a large amount of secondary reserves
of each metal (aluminum: 85 Mt; copper: 44 Mt; zinc; 13 Mt) and we found that those amounts are more
than its primary reserves (20 Mt, 35 Mt and 12 Mt, respectively). In Japan, secondary reserves in 2010
total 29 Mt for aluminum, 14 Mt for copper and 14 Mt for zinc. The results also showed that
considerable amount of secondary resources are in landfills, which are potential targets of future
extraction of secondary metals through landfill mining. Our proposed classification framework can
provide information about potential short-term and long-term availability of secondary resources of
three important metals and can be used for developing waste management and urban mining strategy. It
also highlights the need for integrated management of primary and secondary resources toward

sustainable use of aluminum, copper and zinc.



