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Introduction

The objective of the workshop was to exchange views and information on the material security challenges of rare earths and other elements critical for clean energy generation and use. This includes the description of current research topics around the supply chain and end uses, and to identify opportunities for Trans-Atlantic research cooperation.

The workshop consisted of a series of brief presentations by researchers in the US and Europe, followed by a discussion of possible areas of collaboration proposed by the co-chairs.  A list of the presentations and the agenda for the day is appended with this document.

Common Themes

Themes emerging from the presentations from the both the US and EU included:

· Challenges in co-ordinating input to and responses  from national Governments, since the issue of material security and sustainable energy crossed over the remit of several Government departments

· A common need for data, including inventories of metals and minerals below and above ground, and the material flows that connect them

· Common underpinning science giving opportunities for joint research or exchange of research tools. A range of ideas are given in the next section, but include separation/extraction; processing; fundamental properties; related geosciences; modelling and characterisation 

· The importance of recycling, but lead times to discard, collection, pre-processing and product design all generated significant challenges to be overcome. Awareness of the “preciousness” of these metals, similar to gold or platinum, might help build understanding of the significance of the richness of this source of critical material 

· The complexity of determining raw material availability when the critical material was a by product and associated dependence on the economics of other metals. This also extends to the possible need to develop new markets for rare earths in low demand such as cerium.

· The importance of systems design was mentioned, though relatively few examples were given. An example was an alternative motor design that did not require high strength permanent magnets.

Generally the US presentations had greater emphasis on increasing efficiency of processing to minimize use/losses and material substitution possibilities, whereas the European presentations had a greater emphasis on product recovery and recycling. 
Ideas for Research Collaboration

The ideas proposed and discussed were as follows: 

Cross-Cutting Topics:

Extraction – Geological Mapping: 
· R&D on how to locate critical material deposits
· Sharing information across geological agencies
· Urban mining opportunities related to recycling
· Harmonizing data formats in Europe, United States, globally
· Pairing resources with extractive metallurgy techniques
Processing of raw material – Separation and Refining: 
· R&D on environmentally friendly separation techniques, including recycling
· Pairing resources with separation techniques
Reducing Critical Materials Needs in Device Components while maintaining functionality
· Modeling and design tools to find  better or alternative materials
· Substitution of non-critical materials
· Nanotechnologies
· Reducing catalysts
· Process improvements
· Reduce material needs for specific applications
Recycling: 
· Cost-effective mechanisms for collection, separation, recovery, 
· Product design for recycling 
Information exchange platform
· Research results
· Modeling tools and computer programs
· Best practices and lessons learned
· Researcher exchange
Human capital development
· Materials scientists and engineers
Strategic and Systems Analysis
· Economic analysis of material options
· Life cycle analysis  
· Strategic risk management studies
· Materials flow analysis
Doing More with Less for Key Clean Energy Technologies

Wind and EV Motor Magnets
· PMs with less critical material
· Devices without PMs
PV cells
· Thinner film layers
· Less deposition waste 
Fluorescent lighting
· LEDs with less RE phosphors
· Organic LEDs
Batteries and Fuel Cells 
Discussion

In discussing the above topics, the following issues were raised:

With whom should the USGS collaborate? It would currently have to be with national geological surveys, although harmonisation is in progress.

Where are the urban mining opportunities? The European project ProMine will help identify former mines, but there may be further opportunities. 

Which deposits have the potential to be financially viable? There are very many Rare Earth projects proposed, but only a very few will be successful. There is also very few researchers/consultants doing demand/supply research. This will require the pairing of resource knowledge and that of extractive metallurgy in order to understand and qualify geological deposits the economic challenge of exploitation.

The separation of critical metals from recycled materials was commonly felt to be a promising area. Clearly the need for selective separation processes, approaches designed to target a particular element, were highlighted as a pressing need, both in the ore extraction as well as recycling of the critical materials

How could the human capital elements be developed? An information exchange platform was proposed, and various levels of complexity explored, from a simple list of researchers, to creation of interest groups for the comparison of data, and dissemination of information. Comments on this idea included the need for the research to remain pre-industrial, the preference by some researchers to see funding allocated to this process and difficulties in any EC involvement in a nomination process that did not involve all member states.

Development of communities of interest through exchange and partnership could include tri-lateral networks with Japan to build on the current bi-lateral work that was currently taking place.  Visiting scholars at national laboratories, scientific exchanges and possibly work through the Marie Curie fellowships were all existing mechanisms that were in use at present. The possibility of further workshops to develop more detailed ideas was raised, although it was felt important to get the maximum value from the current activities.
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