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Overview

The market for electric vehicles has grown rapidly in recent years as the cost of electric vehicles has fallen and the number of plug-in vehicle models available has increased. By the end of 2017, over 720,000 electric vehicles were sold in the United States, with roughly equal numbers of battery electric (BEV) and plug-in hybrid electric vehicle (PHEV) sales [1]. Combined, these vehicles have a storage capacity of approximately 22 GWh, with BEVs accounting for more than 80% of the total energy storage capacity. However, electric vehicles are still more expensive than conventional or other hybrid electric vehicles. Utilizing recycled or refurbished battery materials is one potential pathway for reducing the cost of electric vehicle battery packs, but consumers must also be willing to purchase vehicles that use these technologies to make them economically viable. 
Methods

Building on previous process-based cost modeling work examining the cost of battery manufacturing [2], [3], we determine the breakeven cost for battery recycling to be economically competitive with conventional manufacturing methods and the maximum potential cost reduction associated with using recycled or refurbished battery packs. 
In conjunction with this cost analysis, we conducted a choice-based-conjoint survey of current electric vehicle owners to determine how they value attributes related to battery performance, including initial vehicle range, battery warranty coverage, final vehicle range at the end of the battery warranty, and the type of battery materials used in their vehicle. We analyze these preferences in the willingness-to-pay space to determine the trade-offs that EV owners are willing to make between vehicle price and performance. Using a latent class analysis allows us to identify heterogeneous preferences between respondents without prior knowledge of other factors that might be driving their divergent preferences [4].  

Finally, we integrate the potential cost reductions available from utilizing alternative battery materials with estimated differences in battery performance and the consumer preference data to determine whether the electric vehicle market would be willing to accept recycled or refurbished battery materials. 
Results

We find that there is a potential cost reduction from recovering recycled battery cathode materials, which translates into a savings of 5-15% per kWh depending on the type of battery chemistry and cell design. Potential savings from refurbishing battery packs are larger.  
We find that there is heterogeneity in consumer preferences, both between BEV and PHEV owners, and within both groups of owners. While most owners are relatively indifferent to the type of battery material specifically, most consumers do highly value either initial vehicle range or the final vehicle range, which could be directly affected by utilizing recycled or refurbished battery materials. PHEV owners are more sceptical of recycled and refurbished battery materials, and place a higher value on each individual mile of initial and final electric range than BEV owners, because PHEVs have much smaller battery packs. This higher premium on initial and final range means that PHEV owners are relatively sensitive to even minor reductions in battery performance, and given the small size of the battery packs in PHEVs, the cost savings from using recycled or refurbished batteries might not offset PHEV owner preferences for vehicle range. BEV owners, who do have positive valuation of initial and final vehicle range, but place less value on each individual mile, would be more willing to accept a slight decrease in either parameter in exchange for lower vehicle costs, and these cost reductions are feasible given the size of the battery packs in all-electric vehicles. 
Conclusions

There is potential for further cost reductions of lithium-ion batteries for electric vehicles through recycling or refurbishing spent battery packs. However, consumer acceptance of these materials is dependent on what impact they have on vehicle performance. PHEV owners have more negative perceptions of battery materials than all-electric BEV owners, and PHEV owners are also more sensitive to changes in initial and final vehicle range. BEV owners place less of a premium on each individual mile of initial and final range, and generally have a more positive opinion about recycled and refurbished battery materials than PHEV owners. Because of these differences, and the relative energy storage capacity installed in PHEVs and BEVs, focusing recycling and refurbishment efforts on larger BEV battery packs has more potential for economic viability and market acceptance. 
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