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Abstract

There Is a need to develop technology to enable a resource-efficient and economically feasible recycling system for
lithium-lon batteries and thus assure the future supply of the component materials. Lithium-ion batteries are complex
products, and designs and materials are still evolving, which makes planning for future recovery more challenging.
Several processes for recycling are proposed or operating, and each has advantages and disadvantages. Since none
of the existing processes is ideal, research areas are suggested that could enable development of improved recycling
methods. The most promising research area Is separation technologies.

Chevy Bolt battery pack.

Material Concerns Benefits of Recycling
Batteries are expensive Reduces impacts and costs
hey contain potentially scarce materials Displaces virgin raw materials
We need to recover the critical materials, especially cobalt. [he more materials recovered, in as valuable a form as possible, Is better.

. ®m Pyrometallurgical mHydrometallurgical mDirect Physical mWithout recycle :
Element Projected Demand USGS Reserves 160 T g y ' 75 00 Cell Production Costs ($/kg cell produced)
Lithium 230

140

16,000

=
N
o

-34% $50.00 -38% -41% -43% -6%

-13%

=
(@)
o

-15%

Energy Consumption (MJ/kg LIB Cell
(0}
o

-73% $25.00
Projected cumulative world battery material demand to 2025 (1000 tons). Note: Reserves from U.S. Geological Survey (USGS). *0 |
40 I $q$f)0
20 S 28 % |§28% [528F |g¢
. ST 25 |5sY 5 |§T 325 |58
LiCoO2 Cu Al Anode Electrolyte LCO NMC(111) NMC(811) LFP
R I I C I S t Recycled Components
eCyC I n g O m p eX yS e m S If cathode, anode, foils, and electrolyte can all be recovered, Production costs for new cells are generally reduced by including
Li_ion battery recyCIing iS Complicated energy to produce a cell is reduced by 73%. recycled materials.
* Many different materials contained
 Complex battery design
* Numerous paths to material recovery, which can occur at different process Recycling of Research is
stages, as shown by the flowchart. . :
I Y e T | | Li-ion Batteries Needed to Develop
Lead-acid battery design is simpler, leading to over 99% recycling.
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Lead acid batteries contain few materials, predominantly lead, while lithium-ion batteries contain a large variety of materials that all must be performance, nOt end'Of'“fe prOCeSSGS
separated for effective recycling.
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