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Overview

Substitutability and price responsiveness are important concepts which influence market dynamics, and quantifying these determinants has long been a focus of empirical economics. These concepts, best parameterized by elasticities of demand, supply, and substitution, oftentimes form the basis of explanations for many results arising from exogenous economic shocks (such as shortages or natural disasters) and market distortions (such as taxes or trade quotas). Elasticities can also aid in market forecasts and in forming conditional expectations about the consequences to a market arising from potential future events. As such, elasticities themselves are often used directly as parameters in simulation models, the results of which can vary widely depending upon the specific values of the elasticity assumed. Furthermore, elasticities aid in the understanding of material criticality, which is heavily dependent upon the substitutability of materials in the supply chains which use them.  
Methods for estimating elasticities when data is relatively nonexistent and the potential sample size for primary data collection is sparse have not been explored extensively in the economics literature. The best method for dealing with such research questions may borrow from the field of decision analysis, which uses expert elicitations as a means for extracting probabilities associated with various outcomes in a decision tree.
Rare earth elements include the group of 15 lanthanide metals (comprising atomic numbers 57-71 on the periodic table), yttrium (atomic number 39), and scandium (atomic number 21). While REEs are relatively abundant in the earth’s crust, they are rarely concentrated in deposits which are economic to extract. Prior to 2012, China accounted for about 95% of total REE production. Many rare earth elements are significant inputs to clean technology. For example, dysprosium is an essential material used in neodymium-iron-boron (NdFeB) magnets, the strongest permanent magnets available on the market. These magnets are used in direct drive motors (for electric vehicles and wind turbines). Similarly, europium is an essential input to tri-phosphors used in fluorescent lighting, without which it would be nearly impossible to obtain the familiar pale white light associated with fluorescent lamps. 

This paper extends probability elicitation methods from decision analysis to provide a method of estimating price and substitution elasticities in low-data environments. It applies this method to quantify the price responsiveness and substitutability within emerging clean energy technology manufacturing industries. Specifically, it attempts to quantify the material and system substitutability present within rare earth permanent magnets, fluorescent lamps, and solid state lighting applications of light emitting diodes. 

Methods

In order to assess the substitutability of specific rare earths in clean energy applications, it is necessary to conduct an expert elicitation analysis due to the nonexistence of rare earth market data. The elicitation serves two purposes. The first is to document and quantify how producers of clean energy technology actually responded both during and after the rare earth price shock in 2010/2011 (in which some rare earth prices increased by over 3000%). The second purpose of the elicitation is to quantify the uncertainty surrounding potential responses if a similar price shock to that which occurred in 2010/2011 were to occur in the near future. 

The elicitation uses the fixed value method of probablility encoding (Spetzler and Von Holstein, 1975) to quantify the extent to which the permanent magnet and lighting industries are able to engage in: 1) material substitution (element-for-element substitution), 2) system substitution (substitution between magnet types within a wind turbine, for example, or between turbine types in a wind farm), 3) increased manufacturing efficiency (the ability to decrease purchase requirements of a material due to reduced waste or other factors), or 4) cost pass-through (passing through increased cost to end-users). These four responses are quantified both historically and into the near future. The responses are used to calculate the price elastiticity of demand and the elasticity of substitution for each rare earth element in each technology. 
Results

Preliminary results suggest that permanent magnet producers are both unable to pass increased costs on to the end user and increase manufacturing efficiency during a price shock. The industry may be able to engage in material and system substitution. Material substitution of dysprosium in neodymium magnets is possible, but occurs at a slow rate. System substitution facing rare earth magnets is also possible, and occurs at a much faster rate. Specific elasticity estimates are not yet available. Research efforts for both the magnet and lighting industries are ongoing.
Conclusions

Initial conclusions suggest that both material and system substitution possibilities exist in the permanent magnet industry, while cost pass-through and increased manufacturing efficiency are not available strategies in the event of a significant rare earth price shock such as that which occurred in 2010/2011. While material substitution possibilities exist, demand appears to be inelastic for dysprosium and somewhat elastic for neodymium and praseodymium. 
The paper presents a new method for estimating elasticities in a low-data environment, such as the market for rare earths, and provides some implications for the criticality of minerals essential to clean energy technology supply chains.

Research efforts for the lighting industry are ongoing.
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