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We don’t want to trade one crisis for another! 

 Battery material shortages are unlikely 

– We demonstrated that lithium demand can be met 
• Co supply and price will reduce importance of NCA-G chemistry 

– Scenarios included rapid growth of EVs  to 2050 

– Recycling helps mitigate potential scarcity 

 Now we’re checking for unforeseen impacts and 

examining how to maximize the utility of the materials 
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Known Li reserves could meet world demand to 2050  
Cumulative demand to 2050 
(Contained lithium, 1000 Metric tons) 

Large batteries, no recycling 6,474 

Smaller batteries,                      
no recycling 

2,791 

Smaller batteries, recycling 1,981 

Reserve Estimates 

USGS Reserves* 13,000 

USGS  World Resource* 29,000 

Other Reserve Estimates 30,000+ 

*Revised January 2011 
http://minerals.usgs.gov/minerals/pubs/commodity/lithium/mcs-2011-lithi.pdf 
 



U.S. cobalt use could make dent in reserve base by 2050 
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Material 
Availability 

 (million tons) 
Cumulative 

demand 
Percent 

demanded  Basis 

Co 13 1.1 9 World reserve base 

Ni 150 6 4 World reserve base 

Al 42.7  0.2 0.5 US capacity 

Iron/steel 1320 4 0.3 US production 

P 50,000  2.3 ~0 
US phosphate rock 

production 

Mn 5200 6.1 0.12 World reserve base 

Ti 5000 7.4 0.15 World reserve base 



Battery materials could get used multiple times 

Initial Use 
Automotive power 

Secondary Use 
Utility storage 

Residential storage 
Power at remote location 

Refurbishment 
Rejuvenate (change electrolyte) 

Switch out  bad module 

Recycling 

Use in other product 

 
Raw Materials for  

Initial Use 
 



A word about battery reuse 
 Reuse takes battery directly back to lower-performance use  
 Nissan will reuse batteries to store energy from PV panels     

or to store back-up power 
 Reuse delays return of material for recycling                          

and increases peak demand for virgin material 
– Assumes virgin material would not be used for backup batteries 

 
 



Lifecycle analysis compares all process impacts 
of a product's life cycle, from raw material acquisition through production, 

use, end-of-life treatment, recycling, and final disposal if any. 
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METROPOLIS  
City Limits 

  Population    23,443 
Elevation 1357’ 
Founded      1836 

  TOTAL   26,636 

There is no correct way to aggregate impacts  
into a single “score.” 
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Battery materials are responsible for only 2% of energy 
but 20% of life-cycle SOx!  

9 

Battery impacts rise with all-electric range. 



Why think about recycling? 

 Material scarcity alleviated 
 Recycled materials cheaper 
 Production impacts avoided 

– Energy use 
– Emissions 
– Mining impacts 

 Legally required 
 

 But not all recycling processes are                                    
created equal 

 Which is best?   
– LCA identifies “greenest” processes 
– May not be most economical 
– There may be other issues as well 
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Recycling processes will be compared  
using several interconnected criteria 

 Reduction of environmental impacts 
 Energy savings  
 Alleviation of material supply constraints 
 Economics 
 Compliance with regulations 
 Feed requirements 
 Utility of products 
 Scale 

 



Smelting processes avoid metal ore processing 
 These can take just about any input, high volume 

 High-temperature required 

– Organics are burned for process energy 

 Valuable metals (Co and Ni) recovered and sent to refining 

– Suitable for any use 

– 70% of cobalt production energy saved; sulfur emissions avoided 

– Fabrication still needed 

– Less Co  less value 

 Li, Al go to slag 
– Value low and recovery could have greater impacts than primary production 
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What if another cathode is used instead of LiCoO2? 

 Value of the product stream is reduced 
– Copper is still recovered in smelter 
– Cobalt plant probably won’t want the shredded batteries 

 Nickel reports to the product stream, where it is recovered 
 Li, Al, Mn, and Ti from titanate anodes all go to the slag 
 Heat available for smelter is reduced if titanate replaces carbon 
 Fe from the lithium iron phosphate will be partially in the metal 

fraction and partially in the slag with the phosphate 
– Phosphorus in the metal stream is undesirable 
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Toxco Ohio plant will use improved process  
to recover lithium as well as metals  
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What if another cathode is used instead of LiCoO2? 

 Revenue from cobalt stream will decline 
 New process design may be able to recover cathode materials 
 Fate of Mn and Ni uncertain 
 Iron phosphate could be a contaminant 
 Titanate might require separate batch processing 

 
 There is much work to be done here!                                                  

Stay tuned.                                                              
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Recovery of battery-grade materials  
avoids  impacts of production from raw materials 
 Low-temperature process, low energy requirement 
 Components are separated to retain valuable material structure 

– Purify/reactivate components if necessary for new batteries  
• Separator is unlikely to be usable, as form cannot be retained 

– Costs lower than virgin materials 
 Requires uniform feed or separation after processing 
 Might be economical now processing plant scrap and rejects 
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Active materials  
may be degraded after use 

 Quality and performance must be 
verified 

 Treatment to upgrade could be 
developed 

 Material may be suited for lower-
performance uses 

 Number of re-uses might be 
limited for some materials 

Graphite:  
New and after 50% power fade 

 



23 



What if another cathode is used instead of LiCoO2? 

 Process should work, with minor modifications 
– Demonstration has been funded 

 Work in progress to separate mixed cathode streams 
 High-value cathode material could still be recovered for 

possible reuse in new batteries 
– Even if cathode made from low-cost raw materials 
– But will the material be obsolete when it is recovered? 
– Could other high-value products be produced? 
 
 

 We haven’t even begun to think about Li-S                                
or other developmental chemistries yet. 
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Several strategies could facilitate recycling 

 Standard configuration 
enables design of recycling 
equipment  

 Chemistry standardization 
reduces need for battery 
sorting 

 Cell labeling enables sorting 
by consumers and recyclers 

 Design for disassembly 
enables material separation 

 SAE working group is 
discussing recycling issues 

 

 

 

25 



Thank you! 
 Co-authors: J. Sullivan and A. Burnham 
 Work sponsored by DOE Office of Vehicle Technologies 
 Contact me: lgaines@anl.gov 
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