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Background/Abstract

The purpose of this literature review was to research and
compare recycling techniques in lithium-ion batteries with lead-
acid batteries. Lead-acid battery technology has been around
since the late 1800s and has been used for many years in the
automotive industry where they are the main batteries in cars
and trucks. Much of the chemical composition of a lead-acid
battery has not changed for over 100 years. Lithium-ion
batteries on the other hand, have been around since the late
1970s, and in full production since 1991. Uses for lithium-ion
batteries vary, from cell-phones to photovoltaic storage and
electronics in-between. Lithium is an important commodity that
is considered a near-critical material by the Critical Materials
Institute (CMI) so it is vital that it is understand the process for
recycling lithium-ion batteries is considered and understood.
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Recycling Lithium-ion Batteries

» Lithium is considered a near-critical element by the CMI, with
reserves of only 14 million tons and resources of up to 46.9
million tons

» Lithium-ion batteries contain lithium (Li) in combination with
several elements including: Co, Ni, Fe, Mn, Al, P, O, Ti

» The most common combinations for batteries are:
LiCoO,, LiFePO,, LiMn,0,, LiNi, 3Co,,:Al, ,:0,, and
LiCoq/3Ni; ,3Mn, 50,

» Hydrometallurgical or Pyrometallurgical processes both work
to recycle lithium-ion batteries

» Two of the main companies involved in recycling lithium-ion
batteries are Retriev Technologies (Canada and Ohio) and
Umicore (Europe)

» Their processes are listed below:
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» May become more cost effective due to amount of electric
vehicles forecasted to be on roads in near future

» Currently, studies show additional more cost effective ideas
other than recycling such as remanufacturing or repurposing
of spent lithium-ion batteries from cars
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Richa, Kirti. Sustainable management of lithium-ion batteries after
use in electric vehicles. Rochester Institute of Technology, 2016.
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Recycling Lead-Acid Batteries

» 3 main components of a lead-acid battery: lead, acid, and
plastic

» Lead and plastic from the battery can be recycled for new

batteries, acid cannot be recycled as easily for new batteries

Established process has been run for over 100 years

As of 2013, 86% of all lead production in the United States

came from scrap (secondary) batteries

» Hydrometallurgical or Pyrometallurgical processes both work
to recycle lead-acid batteries however, mixed processes might
be best

» Recycled batteries currently indicated as PbA-30/70 with 30%
new materials and 70% recycled materials

» Recycling lead-acid batteries reduces the energy to make new
lead acid batteries by around 10%

» Recycling profitable due to low costs and closed loop process
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New batteries are recyclable and

comprised of previously recycled materials. Typical lead-acid battery recycling process. (Ellis and Mirza)
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""" Conclusion/Further Steps

» At the present, production and demand of lithium with projected
resources will last to the middle of the 20™" century at which point
demand may eclipse production globally

» Building facilities that can remanufacture or repurpose lithium-ion
batteries will help curb demand for lithium such as the Tesla Gigafactory
(which could lead to applications in PV or use in stand alone
applications such as Mines Tiny House use of lithium batteries as
storage for solar energy)

» At lead recycling rates, primary lead production will still be necessary
due to growth of automotive manufacturing industry for electric, hybrid,
and other vehicles

» Finally, lithium availability, production and supply may become non-
issues if more efficient recycling entities come into place
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