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Overview
Critical minerals will be an essential component of the coming energy transition. There are important considerations through the entire critical minerals supply chain for any energy transition to proceed effectively.
For the 8th edition of the APEC Energy Demand and Supply Outlook (8th Outlook), the Asia Pacific Energy Research Centre has constructed two potential energy futures out to 2050. The Reference scenario analyses recent trends in APEC energy consumption, production, and trade, to deliver one potential energy future. The Carbon Neutrality scenario explores additional energy sector transformations such as increased renewable generation, behavioural changes, fuel switching, and CCS deployment to meet elevated decarbonisation ambitions. 
Both scenarios involve a large ramp-up in renewable generation capacity, and a large uptake in battery technologies for electric vehicles and grid storage. An accompanying ramp-up in critical minerals mining and processing will facilitate these future energy scenarios for the 21 APEC economies. 
The modelled results for the two 8th Outlook scenarios incorporate increases in mining production and energy use that is associated with critical minerals. However, a detailed estimate of the magnitude of increase in critical minerals supply needed to fulfil the demand for these minerals for renewable capacity, batteries, and other technologies is currently unavailable. This paper will undertake a post hoc analysis of the increase in supply of minerals needed (including mining and processing) for the increase in energy transition technologies for both 8th Outlook scenarios.
Methods
The starting point for this analysis will be the results delivered for the forthcoming 8th Outlook. These results include the build out of renewable capacity, the stock of electric vehicles (and other transport modalities that are reliant on critical minerals), capacity additions for grid level storage, and the increase in other technologies that rely on critical minerals, such as hydrogen production technologies, and advanced, more efficient, fossil fuel-based technologies. 
A literature review will identify the type and quantity of important critical minerals that will be needed for the technologies listed above, including how the need for these inputs is likely to evolve through to the end of the projection period.
These two results, namely i) magnitude of critical minerals dependent technologies and ii) critical minerals needed at a granular/unit level, will provide an estimate of the increase in critical minerals supply needed for the two 8th Outlook scenarios out to 2050.
Results
For the Reference scenario, solar capacity increases seven-fold to over 2 100 gigawatts (GW) in 2050 for the APEC region. Wind capacity increase four-fold to more than 1 300 GW. Battery storage capacity also increases significantly to more than 20 GW by 2050. 
The Carbon Neutrality scenario involves a 12-fold increase in solar, to over 4 000 GW, and seven-fold increase in wind, to almost 2 200 GW. Battery storage capacity is more than six-times higher than the Reference scenario in 2050, reaching more than 130 GW. 
The results for renewable capacity increases include shares of solar photovoltaics (utility and residential), concentrated solar power, and offshore and onshore wind. The shares of these types of renewable capacity have implications for the type of critical minerals that will be needed, and this will be incorporated in the analysis.
Outside of the power sector, electricity consumption within the transport sector increases six-fold out to 2050 in the Reference scenario and by more than 14-fold in the Carbon Neutrality scenario. The bulk of this growth in electricity is due to a significant increase in electric vehicles, which will involve a large increase in demand for critical minerals for the batteries that power them. There will also be significant growth in the charging networks required to support this level of penetration of electric vehicles.
Both the Reference and Carbon Neutrality scenarios involve an increase in green hydrogen production as well. This production was modelled separately from the electricity demand from all other demand sectors, given that the future for hydrogen is still uncertain. The green hydrogen production nevertheless implies a significant increase in renewable capacity. For the Reference scenario, more than 1 800 petajoules (PJ) of hydrogen is produced from electrolysis powered by renewable generation. In the Carbon Neutrality scenario, this green hydrogen production is almost four-times higher, reaching over 6 600 PJ by 2050.
Overall APEC electricity generation increases by 45% in the Reference scenario and by 60% in the Carbon Neutrality scenario out to 2050 (exclusive of green hydrogen electrolysis). Other low carbon generation, such as from bioenergy, geothermal, hydro, and nuclear, all increase in both scenarios and will lead to an increase in the demand for certain types of critical minerals as well. The increasing size of electricity networks delivering the increased quantities of electricity will also rely on a greater supply of critical minerals.
While there will be significant growth in demand for critical minerals from energy transition related technologies, there are some results from the 8th Outlook which imply a softening in demand for critical minerals. For instance, China’s domestic property and construction sector contracts significantly out to 2050. This contraction will free up critical minerals, such as copper, for consumption outside of the property and construction sector. 
Conclusions
The Reference and Carbon Neutrality scenarios in the 8th Outlook present plausible energy futures for the APEC region out to 2050. However, the implied need for a significant increase in critical minerals supply, which includes an increase in mining activity and increase in minerals processing has yet to be conducted. For the high decarbonisation ambitions of the Carbon Neutrality scenario, ensuring critical minerals supply is available in sufficient quantities and at a competitive price will be crucial.
This paper provides a post hoc analysis of the critical minerals needed for these plausible energy futures to take place. In an overall energy system context, critical minerals dependent energy transition technologies are still at relatively low levels. This has meant that increasing economies of scale have been a driving force in making these technologies more competitive. However, with increasing uptake, there are challenges to ensuring whether there will be sufficient sources of supply to enable a widescale rollout of these technologies. Supply challenges will need to be overcome, if critical mineral are to become as prominent as many institutions, including APERC, are projecting.
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