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Trends in Li-lon Batteries

= Demand is increasing
Energy density of batteries is increasing

= Thermal runaway severity increases
Production increasing
Cost per kilowatt hour decreasing
Products reaching “end of life” increasing







Trends in Li-lon Batteries




Trends in Li-lon Batteries

A Shifting Risk Profile for Lithium Batteries

* Increased Availability and Involvement
« California gas-powered lawncare and
generator phaseout
e NY Right to Repair Laws
o Growth in Recycle/Reuse/Refurbish Market
e Growth in off-market products
* Increase in micro-mobility (scooters/e-bikes)




Three Primary Presentations of LIB



Types of Li-lon Batteries

Styles
e Cylinder

e Pouch

e Prismatic



Li-lon Battery Chemistry

Chemistry
e Lithium Cobalt Oxide(LiCoO,) — LCO

e Lithium Nickel Cobalt Aluminum Oxide
(LiNICoAlO,) — NCA

o Lithium Nickel Manganese Cobalt Oxide
(LINIMnCoO,) — NMC

e Lithium Manganese Oxide (LiMn,O,) —
LMO

e Lithium Iron Phosphate(LiFePO,) — LFP
o Lithium Titanate (Li2TiO3) — LTO




Types of Lithium Batteries

Lithium Metal Lithium lon
o Metallic lithium or alloy e Lithium compound
» Tend to be single use and not rechargable ¢ Tend to be rechargable
 Typical Configurations:  Typical Configurations:
 Cell or button * Cylindrical
e Cylindrical * Pouch
» Rectangular  Prismatic/Rectangular
e Found in: * Found in:

» Watches, digital cameras, flashlights, toys » Laptops, power tools, e-bikes, vehicles, ESS



Dangers of Li-lon Batteries: Terms to Know

“End-of-life” means
batteries meeting
their end of service
life. They will be
scrapped/shredded
into precious metals
or “Black Mass” or
incinerated or
landfilled.

Alternatively, “second life”
for lithium batteries refers
to their repurposing or
refurbishing. These are
not eligible for the
recycling exceptions in the
HMR.

P==N

“DDR” means
damaged, defective,
or recalled. These
are batteries that are
a greater risk and
have greater
regulatory
restrictions.
Common in recycling
and disposal streams,
and commonly found
to be the cause of
incidents.

b

“Thermal runaway”
means the fire event
that occurs in lithium
batteries. Itis
uncontrollable, self-
heating, and has a
reignition risk that
can last weeks.

“Propagation” means
fire initiating from
one battery causing
other batteries in
close proximity to go
into thermal
runaway, resulting in
additional fires at the
same time.




Dangers of Li-lon Batteries: DDR

Can be caused by:

Misuse

Imperfections
Overcharging
Incompatibility

Damage through impact

Are characterized as:

Unreliable

* No longer working appropriately
Unpredictable

* Overheat

e Expansion/Swelling

* Fire

* Explosion

Hazardous Waste

* Disposal concerns

* Expense




Characteristics of Li-lon Fires

Very toxic atmospheres
Burn temperatures are higher than normal

Battery fires can burn without Oxygen —
can’t smother! N A .
_ _ Increase in Exothermic
Explosive potential — Hydrogen Gas -eaction rate reaction
Thermal Runaway reaction
* Chemical reaction — rapid degradation
Does not require Oxygen
Nearly impossible to stop once it starts

Could happen in seconds or days

Re-ignition is common and cannot be
predicted — can happen minutes, hours,
days, weeks, months later

Heat escape



















BESS Incidents







Shipping Incidents
S-Trust Crude Tanker




Shipping Incidents
M/V Genius Star X










Flooded Car Incidents

Hurricane lan — September 2022 Hurricane Idalia — August 2023




Battery Accumulators

* May have large numbers of
batteries (thousands to millions)

e Batteries may be ancillary to the
business, or may be the business

* No limitations to location or
staging




Battery Accumulator Identification

e Currently not necessarily
required to report

* May contain many various
battery types and chemistries

e Fires may be difficult to
extinguish due to large amounts
of plastic




"

Batteries may be involved in the incident OR they may be the cause of the incident

All Incidents




Transport & Disposal Challenges

= Trash trucks/recycling
facilities
= 60% of trash truck load fires



Transport & Disposal Challenges
Shipping — DOT Restrictions for DDR Batteries

Damaged, defective, or recalled cells or batteries. Lithium cells or batteries that have been
damaged or identified by the manufacturer as being defective for safety reasons, that have the
potential of producing a dangerous evolution of heat, fire, or short circuit (e.g., those being
returned to the manufacturer for safety reasons) may be transported by highway, rail or vessel
only, and must be packaged as follows:

1

f

Each cell or battery must be placed in individual, non-metallic inner packaging that
completely encloses the cell or battery;

The inner packaging must be surrounded by cushioning material that is non-combustible,
electrically non-conductive, and absorbent; and

3

Each inner packaging must be individually placed in one of the following packagings

meeting the applicable requirements of part 178, subparts L, M, P and Q of this subchapter
at the Packing Group | level:




Transport & Disposal Challenges
DOT Special Permits

e Allows for handling material
outside of the Hazardous
Materials Regulations, provided
a level of security can be met

e Takes time

e Can be issued to response
company, manufacturer, project
Site




Case Study:
Maui Wildfire Response



2023 Maul Wildfire
Li-lon Batteries



Maui Wildfires: Li-ion Battery Operations — The Team

Stephen Ball: USEPA Region 10 On-Scene Coordinator

Keith Glenn: USEPA Region 2 On-Scene Coordinator

Greg Jenkins: Maui Fire Hazmat Captain (ret.), Matson, USEPA Contractor
Chris Myers: USEPA Region 9 On-Scene Coordinator

Eric Nuchims: USEPA Region 9 On-Scene Coordinator

Chris Reiner: USEPA Region 9 On-Scene Coordinator

Rob Rezende: San Diego City FD Hazmat Battalion Chief

Bryan Vasser: USEPA Region 4 On-Scene Coordinator

Leon Wirschem: San Diego County DEHQ — Hazmat Division/Emergency Response
USEPA START and ERRS Contract Support
State and Local Resources




FEMA MATO: Address Li-ion Batteries

Primary Sources:

Battery Energy Storge
Systems (BESYS)

Electric Vehicles
(Cars, go-carts, golf
carts, etc)

Secondary Sources:

Limited mobility
devices Sblkes,
scooters

Power tools

Computers




Initial Challenges

Li-ion batteries are unpredictable
Concerns over safety of personnel and public

Not a lot of guidance on how to handle them
once impacted by fire

Shipping via DDR is cost prohibitive and
limited by shipping co.

Shipping Co. do not like DDRs

Little on-island resources for managing
DDR/waste

Processing in the field was only option

How to take DDR Batteries to “Not Batteries”
Disposal (Recycling)

Few national experts




Reconnaissance - BESS

Intel Obtained from:
Tesla Database
HEPCO
Owner Self-Assessment
Ground Truth — EPA Teams

Different Brand = Different Battery
Chemistry




Reconnaissance of “Powerwalls” (Residential BESS)




Removal/Recovery of “Powerwalls” (Residential BESS)

Step 1: Step 2:
Force Move
Removal




Removal/Recovery of “Powerwalls” (Residential BESS)

Tyvek &
Fire Blanket

Step 4:Buffalo Convoy /
Relocate to Staging

Step 3:”Lau Lau” Wrap




Reconnaissance - EVs

Maui County Data

Motor Vehicles Data

National Insurance Crime Bureau

Owner Self-Assessment & Re-entry Forms
Hotline, Commercials, PSAs

Ground Truth — EPA Teams

No resources on-island for
Investigating battery health




Reconnaissance - Community Outreach
EVs




Reconnaissance - EVs
Data Management

Assessment Info
Point Collection in App
Vehicle Research
Battery Condition/Type




Battery Recovery/Removal - EVs

To gain an understanding of battery type,
important to know:

Make
Model
Year
Option

This was a luxury if available.




Battery Recovery/Removal - EVs

Different Make = Different Battery
Different Model = Different Battery
Different Year = Different Battery
Different Option = Different Battery

National Fire Protection Association

Emergency Response Guides\Tech Ref




Battery Recovery/Removal — EVs (Tesla)

Step 1: Cut Roof/Access Points Step 2: Flip Vehicle




Battery Recovery/Removal — EVs (Tesla)

Step 3: Remove Fasteners & Central Strip




Battery Recovery/Removal — EVs (Tesla)




Battery Recovery/Removal — EVs (Tesla)

Step 4: Cell Harvest




Battery Recovery/Removal — EVs (Toyota Prius)




Battery Recovery/Removal — EVs (Nissan Leaf)




Battery Recovery/Removal — EVs (Subaru)




Battery Recovery/Removal — EVs (BMW i3)




Battery Recovery/Removal — EVs (Difficulty w/ Insurance/Auction)




Battery Recovery/Removal — EVs (Difficulty w/ Insurance/Auction)




Health and Safety - EVs

Electrician
Temperature Checks

Air Monitoring




Health and Safety - Electrical Hazards-Voltage Checks

Electric Vehicle Residential Battery Energy Storage System




Health and Safety - Dust, Toxic Vapors, and Fire Hazards

Water/Pump and Hose Line in Place, PPE On




Battery Transport (BESS & EV)




Battery Processing — De-Energizing




Battery Processing — De-Energizing




Battery Processing — Crushing




Battery Processing — Crushing




What Is 1t?
Battery? HazMat? Scrap Metal?



Waste Determination and Transportation

Assess state of battery cell condition and charge
Increase state of charge is related to risk and reactivity
Brine solution can significantly reduce the state of charge.

Based upon battery assessment, as necessary brine/de-energize
battery cells (5% Sodium Chloride, 5% Sodium Bicarb)

Crush/destroy/de-construct

No longer meets the definition of a battery per EPA or a lithium-
lon battery per DOT/PHMSA




Waste Determination and Transportation

Material still observed to generated very limited toxic and
flammable gases (Electrolysis, hydrolysis, oxidation, and/or
decomposition)
Material moved in packaging that provides:

Ventilation

Particulate Control

Water Intrusion Control

Packaging transported in open top containers



Waste Determination and Transportation

Battery Packaging




Battery Packaging




SOPs

EVsS







JHA — Battery Energy Storage Systems




JHA — EV Battery Removal & Transport




Concerns in Caribbean

e Energy and political initiatives

* Increase in micro-mobility devices
* Increase in EVs

e Use of energy storage systems

e Battery farming

* Weather pattern changes
 Points of disposal/recycling

e Shipping challenges

e Education

e Challenges at local response level




Puerto Rico: PR100

Meet 100% of the electrical needs with renewable energy by 2050







U.S. Virgin Islands

goal of reducing fossil fuel-based ener%y consumption
by 60% from business as usual

vy 2025




U.S. Virgin Islands




Increased Use of Micro-mobility Devices and EVs




Increased Use of Solar and ESS




Questions?

Keith Glenn
On-Scene Coordinator
EPA Region 2
732-321-4454
glenn.keith@epa.gov

January 2024 Caribbean Regional Response Team Meeting




