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Overview
In recent years several studies have considered the issue of critical materials required by the energy sector. The focus has been particularly on low- carbon energy technologies. These studies anticipate an increasing deployment of these low-carbon technologies in responses to the adverse effects posed by climate change. They investigate whether there are sufficient material resources to deploy low-carbon technologies on the scale required, and how the supply of these materials will be affected by the consequent increase in demand.
Based on a quantitative literature review, this research has highlighted the gaps in previous studies and it illustrates that there is currently no comprehensive approach for investigating the demand-side dynamics of energy related materials. We suggest that one option to improve the projection of future demand is through the use of energy-system modelling. By considering the material requirement of energy technologies, bottom-up, technology-rich energy system models can be used to examine and calculate demand-side dynamics in conjunction with supply-side dynamics. Such an approach would, we believe, represent a significant enhancement to the existing literature.
In this research, we neither develop a new method for assessing material criticality nor identify any new critical materials. Instead, we will first select a list of critical materials from the output of studies, which have already identified the critical materials. Then using a consistent approach and fully taking into account the uncertainties that exist, investigate the material intensity of these materials for each energy technology that may require some of these materials. 

. 
Methods
By a quaititive litreture review a group of critical energy releated materials will be selected. The selected materials will be used in TIAM-UCL which  is a bottom-up energy system model. The TIAM-UCL energy systems model is a global optimisation model that investigates decarbonisation of the global E3 (energy-environment-economy) system. The TIAM-UCL can be used to develop scenarios for future demand of energy related materials.  
Results
By mapping the criticality factors into the TIAM-UCL, it appears that the energy system model could improve the future demand projections and could contribute to the material criticality assessment methods. 

By applying material intensity of the road transport low carbon technologies in the TIAM-UCL, it provides an insight into the material demand under different scenarios. In this poster, the results from 2 degree and 5 degree scenarios will be illustrated.

The results indicate that under a 2 degree scenario, the demand from this sector has a significant impact on the supply of these critical materials; specifically the cobalt demand, which seems to be more critical for future low carbon scenarios. 

Conclusions
Based on a quantitative literature review of previous studies in energy related critical materials, it was discovered that there is lack of a comprehensive approach for future material demand projections. By mapping criticality factors into a bottom-up energy system model, it was concluded that embedding material intensity into the model has the potential to fill this gap. 

The results from TIAM-UCL demonstrate that under 2 degree scenarios, availability of materials could slow down the projection of electric vehicle scenarios. In conclusion recycling of materials is a potential solution to alleviate the risk of resource scarcity. It addition to recycling, material efficiency improvement could play an important role in transition to a low carbon energy system. The below graph illustrates the amount of resource for these materials and the cumulative demand from the results of the current study.
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Figure 1 Material reserved used by 2050 from road transport sector
For some energy related materials such as platinum, which plays a crucial role in fuel cell technology, the availability of resources would not cause a constraint for future low carbon energy projections. However, there is a need for substantial investment on production facilities to increase the production capacity. 
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