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    Abstract

        
            Electric vehicle batteries use energy and generate environmental residuals when they are produced and recycled. This study estimates, for 4 selected battery types (advanced lead-acid, sodium-sulfur, nickel-cadmium, and nickel-metal hydride), the impacts of production and recycling of the materials used in electric vehicle batteries. These impacts are compared, with special attention to the locations of the emissions. It is found that the choice among batteries for electric vehicles involves tradeoffs among impacts. For example, although the nickel-cadmium and nickel-metal hydride batteries are similar, energy requirements for production of the cadmium electrodes may be higher than those for the metal hydride electrodes, but the latter may be more difficult to recycle.
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                    Impacts of EV battery production and recycling

                    
                        Conference
                            Gaines, L; Singh, M
                            

                    Electric vehicles batteries use energy and produce environmental residuals when they are produced and recycled. This study estimates, for four selected battery types (sodium-sulfur, nickel-metal hydride, nickel-cadmium, and advanced lead-acid), the impacts of production and recycling of the materials used in electric vehicle batteries. These impacts are compared, with special attention to the locations of the emissions. It is found that the choice among batteries for electric vehicles involves tradeoffs among impacts. Nickel-cadmium and nickel-metal hydride batteries are similar, for example, but energy requirements for the production of cadmium electrodes may be higher than those for metal hydride electrodes, whilemore » the latter may be more difficult to recycle.« less
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                    Energy impacts in producing and recycling EV batteries

                    
                        Journal Article

                    This article reports that choosing the best EV battery involves more than a quest for greater range per charge, as total energy cycle assessment of batteries demonstrates. Much has been written about the performance characteristics of electric vehicle (EV) batteries, but information about materials and the production and recycling processes is not as readily available. Such information has not been the primary focus of interest, since designs and processes are still under development, and much of the information is proprietary. An overview of four electric vehicle batteries--advanced lead/acid, sodium/sulfur, nickel/cadmium and nickel/metal hydride--highlights significant differences in energy consumption during productionmore » and recycling of materials used in the batteries. Certain realities apply to these batteries, despite their technical distinctions. First, and most obvious, the batteries will make up a significant fraction, 20--40%, of vehicle mass. Impacts are increased because some batteries with lifetimes shorter than the vehicle`s will need replacement at least once. Another insight is that battery recyclability is being considered at the design stage because the electric vehicle is being born green, that is, environmentally benign from the onset. In contrast to the small consumer cells now simply being shredded, EV batteries will be large enough to warrant disassembly and material segregation as the first step in recycling. Electrode and electrolyte materials in advanced batteries are nonstandard in the automotive industry, so process information is not readily available.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Progress in the development of recycling processes for electric vehicle batteries

                    
                        Conference
                            Jungst, R; Clark, R
                            

                    Disposition of electric vehicle (EV) batteries after they have reached the end of their useful life is an issue that could impede the widespread acceptance of EVs in the commercial market. This is especially true for advanced battery systems where working recycling processes have not as yet been established. The DOE sponsors an Ad Hoc Electric Vehicle Battery Readiness Working Group to identify barriers to the introduction of commercial EVs and to advise them of specific issues related to battery reclamation/recycling, in-vehicle battery safety, and battery shipping. A Sub-Working Group on the reclamation/recycle topic has been reviewing the status ofmore » recycling process development for the principal battery technologies that are candidates for EV use from the near-term to the long-term. Recycling of near-term battery technologies, such as lead-acid and nickel/cadmium, is occurring today and it is believed that sufficient processing capacity can be maintained to keep up with the large number of units that could result from extensive EV use. Reclamation/recycle processes for midterm batteries are partially developed. Good progress has been made in identifying processes to recycle sodium/sulfur batteries at a reasonable cost and pilot scale facilities are being tested or planned. A pre-feasibility cost study on the nickel/metal hydride battery also indicates favorable economics for some of the proposed reclamation processes. Long-term battery technologies, including lithium-polymer and lithium/iron disulfide, are still being designed and developed for EVs, so descriptions for prototype recycling processes are rather general at this point. Due to the long time required to set up new, full-scale recycling facilities, it is important to develop a reclamation/recycling process in parallel with the battery technologies themselves.« less
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                    A systematic analysis of the costs and environmental impacts of critical materials recovery from hybrid electric vehicle batteries in the U.S.

                    
                        Journal Article
                            Iloeje, Chukwunwike; Xavier, Alinson; Graziano, Diane; ...  - iScience
                            

                    Critical materials such as rare earth underpin technologies needed for a decarbonized global economy. Recycling can mitigate the supply risks created by the increasing demand and net import dependence, and enable a circular economy for critical materials. In this study, we analyze the feasibility and life-cycle impacts of recovering critical materials from spent nickel metal hydride batteries from hybrid electric vehicles in the U.S., accounting for stocks, battery scrappage, and end-of-life reverse logistics, given uncertain future availability scenarios. Our results show that the total collection and recycling costs depend strongly on future battery availability, with marginal costs exceeding marginal revenuesmore » when the availability of spent batteries declines. We quantify the potential of recycling to reduce primary imports, as well as the accompanying climate change and resource impacts. We explore the underlying reverse logistics infrastructure required for battery recycling and evaluate strategies for reducing associated capital investment risk.« less
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                    Advanced batteries for electric vehicles

                    
                        Journal Article
                            Henriksen, G; DeLuca, W; Vissers, D - CHEMTECH; (United States)
                            

                    The idea of battery-powered vehicles is an old one that took on new importance during the oil crisis of 1973 and after California passed laws requiring vehicles that would produce no emissions (so-called zero-emission vehicles). In this overview of battery technologies, the authors review the major existing or near-term systems as well as advanced systems being developed for electric vehicle (EV) applications. However, this overview does not cover all the advanced batteries being developed currently throughout the world. Comparative characteristics for the following batteries are given: lead-acid; nickel/cadmium; nickel/iron; nickel/metal hydride; zinc/bromine; sodium/sulfur; sodium/nickel chloride; zinc/air; lithium/iron sulfide; and lithium-polymer.
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