Ding Dong — My Battery is Dead

What does a Circular Model for

Large Format Batteries Look Like?

* Review the drivers of a circular model for lead batteries

» See if the drivers for lead batteries apply to large format Li-ion
batteries

* Identify barriers to achieving a circular model for Li-ion batteries
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The Canadian Battery Association

* Industry Association that represents Canadian lead
battery industry — members include:
* Manufacturers
Distributors
Metal Recyclers
Battery Breakers & Smelters

e Established in 1971 as an Industry Association — not just a PRO

* One CBA function is to help members meet EPR regulations

* Members starting to manufacturer and distribute large format >5kg Li-
ion batteries to their customers.

* My job - develop regulatory programs for lead and Li-ion batteries that
they sell



Simplified Circular Model for Lead Batteries in Canada
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Auto batteries only — 85% of lead battery market
$20/auto battery or ~ $2150 USD/tonne of lead

- Takes about 90 to 100 days to
complete the cycle from Eol to
new lead battery



Drivers of the
Circular Model for
Lead Batteries

* Reliable Markets:

* Manufactures’ Core Charge
~$2,150 USD/t

* Recyclable Chemistry:
* Simple & consistent

e Simple EoL management

* Low manufacturer specifications

* Low EH&S issues with
inexpensive RTR & Reverse
Distribution systems



Must Know Product before Designing an EPR Program

- Basic Li-ion Battery Chemistry -
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Significant EH&S Issues

What is Thermal Runaway?
Short circuit creates heat >800C
—chain reaction with adjacent cells
Flammable solvent is vaporized
— risk of fire or explosion
Salts converts to Hydrogen Fluoride gas
— risk of toxicity & death

First Responders Add Water — Lots of Water
e Cools short circuited cells

e Stops chain reaction to adjacent cells
* Reduces vapor and toxic gases



Circular Economy Barriers to Large Format Li-ion Batteries
- Sales <1% of Lead Batteries -

- Bottle Depots? Metal Recyclers? High Risk = High Cost
- Maybe Li-ion Distributors — limited accessibility

100%
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not likely due to - Training Costs
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retailers (estimate - $S2 to S3/kg)
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Very High Raw
Material Specs

Value of Metals & Salts
/»- LiCO3: $14,000 USD/t

~ - Ni: $22,000 USD/t
~ Co: $52,000 USD/t

Processing Costs:

- LFP: ($6.60/kg)
- LNMC: $0.55/kg



Li-ion Summary

Markets for EoL Li-ion batteries:
e Some value for LNMC — not so much for LFP — may require two systems
* High manufacturers' specifications creates high cost of processing

Complex Chemistry
* Li-ion batteries must be sorted into different chemistries before processing

Significant EH&S Issues
* RTR model used for lead batteries unlikely due to EH&S concerns by retailers
e Consumer Return to Distributor an option but Accessibility an issue

e Business insurance high —if you can get it

What about EPR? - with current technologies & markets:

* A Circular Economy like Lead Batteries unlikely for large Li-ion Batteries
» Core charge for LFP ~ $10/kg. For a 20kg LFP = $S200 EHF or about 25% of retail cost!
e EH&S issues limit consumer accessibility — many recyclers banning Li-ion

* Processing costs to meet manufactures’ specs will be significant



