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Li-Ion Battery 
Response Considerations

OBJECTIVES & TOPICS

Basic Understanding & Principles of Li-Ion Batteries
Hazards and Risks
Types of Energy Storage
Different Chemistries
DDR and Misuse
Packaging, Disposal, Recycling
Fire Response Tactics
Air Monitoring
Other Considerations

Li-Ion Battery 
Response Considerations



Li-Ion Battery 
Response Considerations

COURSE OUTLINE

Li-Ion Battery Awareness
Waste Profile and Disposal
Tactical Considerations
 Micro-mobility
 Electric Vehicle
 Larger Scale
Health and Safety
 Air Monitoring
 PPE
Battery Burn (optional & outdoors)



Li-Ion Battery 
Response Considerations

Module One: 
Awareness

Uses in the consumer marketplace
Trends in energy storage
Types of batteries
Chemistries
Hazards and risks
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Communications



Li-Ion Battery 
Response Considerations

Transportation



Li-Ion Battery 
Response Considerations

Energy Storage

Li-Ion Battery 
Response Considerations



Li-Ion Battery 
Response Considerations

Household/Medical
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Trends in Li-Ion 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-Ion Batteries
Electric Vehicle Registration – Sept. 2024



Trends in Li-Ion Batteries
Electric Vehicle Sales – CY 2025



Trends in Li-Ion Batteries



Trends in Li-Ion Batteries

A Shifting Risk Profile for 
Lithium-Ion Batteries

• Increased availability and involvement
• Energy grid stabilization
• Higher energy density of product
• Phaseout gas-powered lawncare and generator
• Right-to-Repair Laws in numerous states
• Growth in Recycle/Reuse/Refurbish Market
• Growth & availability in off-market products
• Increase in micro-mobility (scooters/e-bikes) & 

energy storage









Types of Lithium Batteries
Lithium Ion
• Lithium compound
• Tend to be rechargeable
• Typical Configurations:

• Cylindrical
• Pouch
• Prismatic/Rectangular

• Found in:
• Laptops, power tools, e-bikes, vehicles, ESS

Lithium Metal
• Metallic lithium or alloy
• Tend to be single use and not rechargeable
• Typical Configurations:

• Cell or button
• Cylindrical
• Rectangular

• Found in:
• Watches, digital cameras, flashlights, toys



Four Primary Presentations of LIB

Energy Storage Systems

Electric Vehicles

Micro-mobility

Personal Electronic 
Devices



Types of Li-Ion Batteries

Styles
• Cylinder

• Pouch

• Prismatic





Li-Ion Battery Chemistry
Chemistry
• Lithium Cobalt Oxide(LiCoO2) — LCO
• Lithium Nickel Cobalt Aluminum Oxide 

(LiNiCoAlO2) — NCA
• Lithium Nickel Manganese Cobalt Oxide 

(LiNiMnCoO2) — NMC
• Lithium Manganese Oxide (LiMn2O4) —

LMO
• Lithium Iron Phosphate(LiFePO4) — LFP
• Lithium Titanate (Li2TiO3) — LTO
• Lithium Manganese Rich (LMR)



Li-Ion Battery Electrolyte
Type
• Liquid
• Solid
• Gel

Lithium Salt
• Lithium Hexaflurophosphate (LiPF6) – LHP

Solvents
• Ethylene carbonate
• Propylene carbonate
• Dimethyl carbonate
• Ethyl methyl carbonate
• Fluoroethylene carbonate
• Methyl acetate
• Methyl propinate



Dangers of Li-Ion Batteries: Terms to Know

“End-of-life” 
means batteries 
meeting their 
end of service 
life.  They will be 
scrapped/shredd
ed 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.

“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. 

“Thermal 
runaway” means 
the fire event 
that occurs in 
lithium batteries.  
It is 
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.



• Propagation
• Domino effect
• Thermal Runaway heat from 

one battery-cell is likely to 
trigger Thermal Runaway in 
neighboring battery-cells

• Limiting propagation is 
primary goal

• Cooling neighboring cells 
may prevent propagation

• Removing exposed cells (i.e., 
removing other e-bikes, 
loose cells, etc.)

Propagation



Dangers of Li-Ion Batteries: DDR

Can be caused by:
• Misuse & Abuse
• Imperfections
• Overcharging
• Incompatibility/Modifications
• Damage through impact

Are characterized as:
• Unreliable

• No longer working appropriately
• Unpredictable

• Overheat
• Expansion/Swelling
• Fire
• Explosion

• Hazardous Waste
• Disposal concerns
• Expense



Why do batteries fail?



Why do batteries fail?



 Very toxic atmospheres – H, HF, HCN, CO, heavy 
metals

 ~6L/Wh gas produced/released
 Burn temperatures are higher than normal - 

>2,000°F
 Battery fires can burn without Oxygen – can’t 

smother!
 Explosive potential – Hydrogen Gas
 Thermal Runaway reaction

• Chemical reaction – rapid degradation
• Does not require Oxygen
• Nearly impossible to stop once it starts
• Rapid event that can propagate to other cells

 Rekindle is common and cannot be predicted – can 
happen minutes, hours, days, weeks, months later

Characteristics of Li-Ion Fires





• Signs of trauma
• Gasses emitting
• Increase in temperature
• Pop and hiss
• Projectiles
• Intense fire
• Propagation
• Secondary fires

Characteristics of Li-Ion Fires



Characteristics of Li-Ion Fires



 Largest number of LIB incidents
 FDNY LIB fires:
 44 in 2020
 104 in 2021 (4 killed, 79 injured)
 219 in 2022 (6 killed, 147 injured)
 268 in 2023 (18 killed, 150 injured)
 279 in 2024 (6 killed, 99 injured)
 292 in 2025 (1 killed, 51 injured)
 4 in 2026

 Public exposure concerns
 Stored and charged inside occupied 

residences and businesses
 Stored near entry and exit ways
 Can ignite with little-to-no warning
 Rekindle is likely. 
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BESS Incidents







Flooded Car Incidents
Hurricane Ian – September 2022 Hurricane Idalia – August 2023



Flooded 
Car 

Incidents

Hurricane Helene 
September 2024



Shipping Incidents
S-Trust Crude Tanker



Shipping Incidents
M/V Genius Star XI





RORO Ships





All Incidents
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Module Two: 
Waste Profile & Disposal

Hazardous waste regulations
Challenges
DDR packaging options
Transportation of materials
Disposal and Recycling







Consumer Disposal

 Trash trucks/recycling 
facilities

 60% of trash truck load fires





Consumer 
Recycling



Recalls

https://www.cpsc.gov/Recalls





Battery Shipping



40 CFR 273.9

49 CFR 171.8 

Battery Disposal



Damaged, Defective, Recalled Lithium-Ion Battery
• Recycle (ship per DOT regulations)
• Recycle via DOT Special Permit
• Disposal as Hazardous Waste
• Create “Not a Battery”

DDR Battery Disposal



DDR Battery Disposal

• Who will collect, containerize, 
store batteries?

• Who will be responsible for 
getting rid of them?

• How do you address these?



Characteristics:
• Ignitability – D001
• Reactivity – D003

Manage via:
• Hazardous waste under universal waste regulations 
• 40 CFR 273
• Universal Waste regulations do not require hazardous 

waste manifest
• Must go to permitted facility
• Household hazardous waste exemptions apply

DDR Battery Disposal - RCRA



DDR Battery Disposal
• Highly unstable material

• Cannot be transported via air cargo 

• Ocean carrier limitations

• Are hazardous waste / universal waste

• DDR batteries may not be accepted at consumer recycling 
points

• DDRs may not be accepted at hazardous waste collection sites

• Regulations are burdensome, expensive and ineffective to 
address all safety concerns



Shipping – DOT Restrictions for DDR Batteries
Transport & Disposal Challenges

DDR Batteries cannot be transported via aircraft.



DOT Special Permits
Transport & Disposal Challenges

Allows for 
handling 
material 

outside of the 
Hazardous 
Materials 

Regulations, 
provided a 

level of security 
can be met



DOT Special Permits
Transport & Disposal Challenges





DOT Special Permits
Transport & Disposal Challenges

• Safety Controls
• Inner Packaging Requirements
• Outer Packaging Requirements
• Weight Allowance
• Markings
• Labels
• Operational Controls
• Transport Authorized
• Specials Provisions
• Reporting Requirements



Proposed DOT Regulations for DDR Batteries
Transport & Disposal Challenges

• Changes to the Hazardous Materials 
Regulations?

• Outer packaging labels?

• New classification for DDR batteries?

• Ventilated packaging?



Battery De-Energizing

 Discharge battery for safety
 Create a salt solution of 5% 

NaCl
 Allow to soak for 3 days
 Lower voltage
 Release of gases
 Progress dependent on 

battery construction0.00
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Battery De-Energizing



Runoff/Brine Solution
TCLP results for RCRA metals 

have been non-detect for 
disposal
Studies show other metals 

may be present in high 
concentrations
Could be toxic for aquatic life

Brine solution and runoff water 
are likely to be non-hazardous 
but should be disposed of at a 
POTW if possible.



Disposal - Recycling

 End-Point Recycling Facilities 
offer the best option for disposal

 Discharge battery (3 days in 
brine)
Grind battery to 0.5” or less 

pieces
 Extract metals
 Dispose of remaining mash



Transportation & Disposal

• Determine final disposition

• 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

• Crush/destroy/de-construct 
• No longer meets the definition 

of a battery per EPA or a 
lithium-ion battery per 
DOT/PHMSA

• Shred



Transportation & Disposal

• Monitor
• Air readings
• Heat



Transportation & Disposal

• Package
• Ensure ventilation

• Label

• Transportation

• Shipping
• What are the restrictions
• Where will material be placed



Li-Ion Battery 
Response Considerations

Module Three: 
Tactical Considerations

Small Consumer Products
Micro-Mobility Devices
Electric Vehicles
Energy Storage Systems
Accumulators/Recyclers
Stafford Act Responses



Small Consumer Products







Small Consumer Products
Tactical Considerations

• Life safety
• Property conservation
• Recover batteries
• Appropriate disposal



Micro-Mobility Devices











 Lithium-Ion batteries do not require 
Oxygen to burn.

 Smothering also does not work
 Inerting with clean agent may inhibit 

class A fire but not battery fire, where 
flaming combustion is suppressed, 
explosive and toxic gases build-up and 
don’t burn off

 Cooling to prevent cell propagation 
may be successful if water can be 
placed into battery pack
 DO NOT force open the battery pack

How Many Gallons per Minute?



Micro Mobility Concerns



Micro Mobility Concerns



Micro Mobility Concerns

“Farming”“Clustering”



Micro Mobility Concerns

Rapid failure

Overhaul

Toxic atmosphere

Rekindle

Explosive



 Life safety
 PPE/SCBA
 Rescue
 Evacuate area

 Consider protection of exposures 
of life, environment, 
property/superstructure, and 
commerce.

 Incident Stabilization
 If outdoors

 Allow micro mobility to burn to 
completion

 Prevent propagation to other 
devices/battery packs

 If indoors
 Attack residential fire like normal
 During fire attack, uninvolved micro 

mobility device may ignite behind 
you!!

Micro Mobility Tactical Considerations



 Move all lithium-ion battery cells 
and devices to a safe location, 
away from firefighting operations, 
PRIOR to overhaul
 Use shovel with wooden 

handle
 Outside is preferred
 Consider bathroom, bathtub, 

sink, or metal bucket and fill 
with water if outdoor not an 
option

 Wear SCBA during overhaul
 Advise Investigators of possible 

LIB presence

 Request HazMat to assist with 
battery stabilization, mitigation, 
overpacking, and disposal

 Provide protection line during 
overpacking procedures

Micro Mobility Tactical Considerations



Electric Vehicles (EV)



Exponential Increase: Electric Vehicles (EV)

% of EVs Global Auto Sales

• 4.7% - 2020

• 15% - 2025

• 48% - 2035

California forecasted to be 
much higher.

By 2035 100% of all vehicle 
sales in CA must be battery 
or hydrogen powered



EV Battery Response

To gain an understanding of battery type, 
important to know:
• Make
• Model
• Year
• Option

This is a luxury if available.



Electric Vehicles (EV) – Battery Packs

GM Battery Pack
Pouch Cells 

Ford Lighting Battery Pack
Pouch Cells 

Tesla Battery Pack
Cylindrical Cells



EV Battery Response

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

Different Option = Different Battery

National Highway Transportation Safety 
Administration

Emergency Response Guides\Tech Ref



EV Battery Response (Tesla)



EV Battery Response (Toyota Prius)



EV Battery Response (Nissan Leaf)



EV Battery Response (Subaru)



EV Battery Response (BMW i3)



EV Battery Response





Electric Vehicles (EV) – Battery Packs



 Water is considered best cooling agent
 If offensive operation engaged:

 Water should be applied under the vehicle and up 
at the batteries.

 For pouch cell vehicles (i.e., GM), there may be 
access points near the wheel wells

 Water application into access points to battery 
compartment can prevent propagation 
(manufacturer specific)

 Delayed thermal propagation ignition or 
delayed damage ignition of cells within the 
module or pack is common and cannot be 
predicted – can happen minutes, hours, 
days, weeks, months later!!

EV – Offensive Operations



Example ERG



3 Keys to Success

EV 
Identification 

Secure a 
Water 
Supply

Let it Burn
PROTECT 

EXPOSURES! 
(If possible)



Life safety
 PPE
 Rescue / Check for victims
 Chock wheels
 Wind direction
 Evacuate / Shelter-in-Place

EV Fire Tactical Considerations
Incident Stabilization
 Attack the fire like a normal vehicle fire. Foam is 

NOT recommended
 Most EV fires do not involve the batteries

 After confirming it is an EV and batteries are 
involved, if possible, allow the batteries to burn 
and evacuate the area 330’ in all directions and 
protect exposures.

 Stay out of smoke, toxic.
 Consider PPV fans to move smoke away from 

victims and responders.



 If extinguishment/cooling is 
required:
 Secure a water supply
 Consider tilting the vehicle to gain 

access to the underside of the 
vehicle
 This will require training prior to 

placing into operations
 Lifting points must be referenced

 Consider directing spray into side 
vents of battery pack

 Use a thermal imager to check for 

continued heating
 Never cut, crush, puncture, or 

open a high voltage battery to 
extinguish it

 If the cells are visible due to 
damage, you can direct a hose 
stream directly on the cell

 Observe the battery and watch for 
evidence of thermal runaway

EV Fire Tactical Considerations







 Other considerations
 Refer to the Emergency 

Response Guide (ERG) for the 
specific make and model of the 
vehicle for guidance on securing 
power to the lithium-ion battery. 
https://www.nhtsa.gov/emergen
cy-response-guides

 Some battery cooling mechanisms 
are powered by the 12-volt system

 Once the lithium-ion battery has 
been cooled, stand-by at least 
120 minutes and continue 
monitoring the lithium-ion 
battery using the thermal imager 
and observe for any other signs 
of thermal runaway

EV Fire Tactical Considerations

https://www.nhtsa.gov/emergency-response-guides
https://www.nhtsa.gov/emergency-response-guides
https://www.nhtsa.gov/emergency-response-guides
https://www.nhtsa.gov/emergency-response-guides
https://www.nhtsa.gov/emergency-response-guides
https://www.nhtsa.gov/emergency-response-guides


 Tow Company
 Make sure it’s towed on a 

flatbed.
 Regenerative braking sends 

power to batteries. This may 
cause a fire with rotational force 
on wheels

 Store 50 ft away from all 
exposures

 Prepare for rekindle
 Determine disposal

EV Fire Tactical Considerations



Available Tools
• Fire blanket
• Encapsulant/Suppressants
• Piercing nozzles
• Dunk tanks
• Emergency Plug

EV Fire Tactical Considerations



EV Fire Tactical Considerations – Inside 
(underground/garage)





EV Fire Tactical Considerations – Inside 
(underground/garage/warehouse)

 Garage
 Approach from a 

45º angle to avoid 
possible door 
explosion/over 
pressurization; 
deflagration-
detonation 
phenomena.

 If no active fire, be 
concerned with 
possible explosive 
atmosphere

 Warehouse
 Careful cutting into 

rollup doors without 
knowing what’s 
inside 



EV Fire Tactical Considerations – Inside 
(underground/garage/warehouse)

 Underground Parking
 Consider protection of exposures of life, 

environment, property/superstructure, and 
commerce.

 Toxic atmosphere hazard

 Explosive atmosphere available space

 Allowing vehicle to burn is an option, with 
significant consequences to the structure

 Identification of EV will be difficult, if not 
impossible. Follow your department SOP for 
underground vehicle fires

 Perform thorough PPE and personal 
decontamination procedures



Battery Energy Storage System (BESS)



Battery Energy Storage System (ESS)



Battery Energy Storage System (BESS)



 Large Systems
 Multiple racks of batteries
 Surprise, AZ – 2019
 Regulations
 NFPA 855

 Safety measures
 UL 9540 & 9540A

 Testing of system

 Local zoning laws

Battery Energy Storage System (BESS)



 Smaller Systems
 Urban locations
 City equipment
 Airports/Hospitals

Battery Energy Storage System (BESS)



 China
 2 FF Dead

 Surprise, AZ
 8 FF injured

 Chandler, AZ
 Victoria, Australia
 Moss Landing, CA
 Valley Center, CA
 Otay Mesa, San Diego, CA

BESS – Failure Events



 Signs of possible BESS Failure
 Suspicious odor emanating from the BESS
 Smoke/Gas Cloud

 Battery thermal runaway fires are preceded by smoke/gas

 If fire, smoke, or suspicious odor is observed, consider:
 If possible, shut off the unit/system.
 Evacuate the area of all non-emergency personnel.
 Do not approach the unit and attempt to gain access.

 Some BESS safety mechanisms are designed to maintain doors shut, and other have automatic ventilation 
doors.

 Contact site emergency contact and/or manufacturer.

BESS Failure Tactical Considerations





If a fire is confirmed:
 Confirm if batteries are involved
 Non-Intervention or Defensive Operations
 Establish water supply.

Life safety
 Stay out of smoke!
 PPE
 Structural Firefighting Gear and SCBA.

 Rescue
 Evacuate / Shelter-in-Place
 Use as much "ground truth" as possible to determine distance
 Use air monitoring devices.

BESS Tactical Considerations 



Incident Stabilization
 Let it burn!

 Applying water to the burning unit will only delay the 
event. 

 May take multiple operational periods.
 During periods of module propagation, there may be no 

sign of fire, but the event can still be active and flare up can still 
occur.

 Environmental Protection
 Minimize/contain/redirect runoff if possible
 Use lowest GPM needed

BESS Tactical Considerations 



Property Conservation/Environmental/Commerce Conservation
 Allow system safety devices to operate as designed.
 Monitor alarm panel and manually activate any safety devices if appropriate.
 Prevent propagation.

 Water curtains and unstaffed lines
 Apply from a distance and upwind if possible.

 Protect exposed packs
 Extinguish and protect other infrastructural exposures
 Use 30-degree fog for water curtains to absorb heat and knock down toxic plume

 Protect other exposures.
 Neighboring structures
 Vegetation

 Recovery
 Allow batteries to cool (this process may take 12-48 hours or longer).
 Use on-site resources and manufacturer for decommissioning and recovery plans.

 Impacts to Commerce

BESS Tactical Considerations 



 Resources to consider
 BESS Personnel / PRP
 EPA, State Environmental Agency, HazMat Teams
 Health Department
 Gas/Electric
 Private Contractor

BESS Tactical Considerations 



NY State BESS Fire Resources



Transportation Related 
Tactical Considerations 

• Are batteries involved?
• Can it be allowed to burn?
• Protect surroundings
• Can it be moved?



Battery Accumulators

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

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

• No limitations to location or 
staging



Battery Accumulator Identification

• Currently not necessarily 
required to report

• May contain many various 
battery types and chemistries

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





154

Damaged Batteries are Unpredictable
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Damaged Batteries are Unpredictable







Battery Recyclers



Lithium-Ion Battery 
Case Study:

2025 SoCal 
Wildfires



Legal Disclaimer

The information provided herein is intended for informational purposes only and should not be construed as 
legal advice, relied upon nor as establishing a professional or contractual relationship with any participants. The 
actions carried out by the U.S. Environmental Protection Agency (EPA), its contractors, and support staff during 
Maui and/or SoCal Wildfire Responses were based solely on the knowledge, data, and information available at 
the time. It is important to note that, during these responses, the behavior of lithium-ion batteries in wildfire 
scenarios was not fully understood, and any interpretations or conclusions drawn from subsequent analysis may 
differ from those applied at the time.

The EPA, its contractors, and support staff acknowledge that lessons learned from past responses, emergent 
data, and evolving regulatory frameworks may inform future actions and decisions related to disaster response 
efforts. As such, individuals and entities are advised to consult other relevant sources and experts for current 
information and guidance regarding environmental safety and emergency response protocols. The EPA and 
presenters of these Case Studies disclaim any liability for actions taken or decisions made based on the 
information provided herein.



Altadena

Eaton Fire

• On January 7, 2025, a fire started in the Pacific 
Palisades region of Los Angeles.

• Fires quickly spread across multiple areas of 
the city. More than 57,000 acres of land were 
devastated (89 square miles).

• Over 200,000 people were evacuated.
• More than 18,000 structures were damaged or 

destroyed.

Pacific Palisades

Palisades Fire

EPA Mission
Stafford Act Response
MA: Address Li-Ion Batteries



Battery Operations Roadmap

• Battery Identification
• Data Management
• Field Operations

• Electric Vehicles
• Energy Storage Systems
• Other Arrays

• Battery Processing
• Battery Termination
• Disposal



Reconnaissance

Preliminary ID
• SARCOPS (Search and Rescue)
• CUPA Teams (Certified Unified 
 Program Agency) – LACoFD
• Recon Teams

Other Identification Routes
• HHM Referrals
• Local Permits
• EPA Hotline
• Information Requests/SCE – 
 Tesla, Enphase
• Phase II/Army Corps



Reconnaissance



Data Management
• Field Maps/Survey123
• All vehicles identified and loaded into 

mapping system
• EV/Non-EV
• Make/model/year when identifiable
• Photos
• Safety concerns
• Other notes from recon teams



Battery Recovery 
Teams

• EPA OSC
• Technical Contractor (Air monitoring/Data management)
• Equipment Operator
• 5-6 Hazmat Technicians
• Electrician
• (opt.) LACoFD H&S Officer

Teams

• Mini-excavator
• Water buffalo
• Extrication tools
• Hand tools

Equipment

• FR Tyvek, Respirator with combination acid-gas cart., 
Steel toe/steel shank boots, hard hat, safety glasses

• 75’/330' evac radii

H&S



Battery Recovery - EV



Battery Recovery - EV



Battery Recovery - EV



Battery Recovery - EV



Battery Recovery - ESS



Battery Recovery - ESS



Battery Recovery - ESS





Battery Recovery – Partially & Undamaged

Primary Hazards:
Thermal Runaway
Offgassing

60°C (140°F) – Temperature exposure level 
where we begin to see thermal impact to 
batteries

EPA developed an adjudication process to 
work with residents and determine who 
would be handling units that were only 
slightly damaged in the fire (EPA, DOT, 
insurance, other)



Battery Recovery – Partially & Undamaged
Adjudication Process

Use of Civil Investigators
Work with local authorities
Contact Owner
Explain hazards
Make a determination
Data Management input / Documentation



Battery Recovery – Partially & Undamaged



Battery Recovery – Partially & Undamaged



Electric Vehicle Response Resources





Battery Recovery – Partially & 
Undamaged



Battery Recovery – Partially & Undamaged



Battery Recovery – Partially & Undamaged



Battery Recovery – Partially & Undamaged



Battery Transport



Staging



Staging



Battery Processing

Types of Batteries
NiMH
Lithium Ion

Cylindrical
Prismatic
Pouch

Processing
Brine Bath – Baking Soda and NaCl
Smash Pad
Vibratory Roller
Shredder/Excavator



Battery Processing - Brining



Battery Processing – Smash Pad



Battery Processing – Smash Pad



Battery Processing - Crushing



Battery Processing - Shredding



Battery Processing - Shredding



Final Product



Disposal



Disposal

Processed battery material is no longer 
considered Hazardous Waste

In Maui – sent via vented cubic yard boxes to a 
recycling facility

In CA – First attempt at bulk disposal using roll-
offs.

• Air monitoring investigation determined 
that ventilation was necessary for 
transportation due to H2 
accumulation/LEL. 

• Disposal through Clean Harbors to a 
facility in Utah.



Biggest concerns are H2 gas, HF, 
and metals. Respirators mandatory 
during battery processing 
operations. 

• AreaRae
• Dustrak
• SPM Flex (HF – Mineral Acid) 
• SPM Flex (HCN)

**H2 is cross-sensitive with CO, so standard 
suite of sensors were used and adjusted

Heavy metals – Personnel monitoring.

Air Monitoring



Statistics

Maui Wildfires
~1,200 properties
~400 targets
~98 vehicles & 150 ESS locations
30 tons (est) batteries processed
90-day timeframe
~3 teams recon/recovery/processing

SoCal Wildfires
~18,000 properties
>5,000 ESS & EV targets
~645 vehicles & 420 ESS locations
500 tons (est)
28-day timeframe
~25 teams recon/recovery/processing

SoCal vs. Maui Battery Processing
Increased quantity of recon/recovery teams & staging areas
Larger staging/processing – frac tanks, equipment, smash pad
More processing capacity
Smaller footprint per staging area
Use of shredders
Better understanding of batteries; lessons learned from Maui
Willingness to expand beyond our knowledge and try new methods



Challenges
Expedited timeline
Obtaining personnel and resources
Training personnel in batteries
Not in my back yard (NIMBY)
Topography
Volume of material
Separate geographical locations
Natural disasters (landslides)



Li-Ion Battery 
Response Considerations

Module 4: 
Health and Safety

Air Monitoring
What chemicals to look for
Equipment Considerations
Personal Protection
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Air Monitoring
Target Compounds for Lithium-Ion Battery Fires

Compounds Hydrocarbons Particulates (Metals)
Hydrogen Methane Manganese

Hydrogen Fluoride Ethylene Copper
Carbon Monoxide Propylene Nickel

Sulfur Dioxide Propane Cobalt
Hydrogen Cyanide Ethane Carbon Black
Hydrogen Chloride Acetylene Lithium
Hydrogen Sulfide Aluminum

Ammonia Zinc Oxide

Formaldehyde Cadmium

Phosphoryl Fluoride Lead

Phosphorus Pentafluoride Silver

Phosphorus Trifluoride Antimony

Tin
Green=visible on PID Barium

Iron

Thallium
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Post Maui – San Diego Study
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Air Monitoring – RAE Sensors

Target Compound Ionization 
Potential

RAE 
Sensor Detection Range

Carbon Monoxide 14.01 eV CO 0-500 ppm

Hydrogen Fluoride
(AreaRAE Only) 15.98 eV HF 0.5-10 ppm

Sulfur Dioxide 12.3 eV SO2 0-20 ppm

Hydrogen 15.43 eV
LEL

H2
0-100% (0-30% O2)

0-1000 ppm

Hydrogen Chloride
(AreaRAE Only) 12.74 eV HCl 0-15 ppm
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Air Monitoring – SPM Flex

Target Compound SPM Flex
Tape Detection Range

Hydrogen Fluoride Mineral Acid 0.4-20 ppm

Sulfur Dioxide Sulphur Dioxide 0.01-2.5 ppm

Hydrogen Chloride Mineral Acid 0.2-20 ppm
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Air Monitoring – Dräger Tube

Target Compound Tube 
Available

CMS Chip 
Available Detection Range

Carbon Monoxide ✓ ✓ 5- 150 ppm,
100-700 ppm

Carbon Dioxide ✓ ✓ 1-20% Vol.

Hydrofluoric Acid 
(Hydrogen Fluoride)

✓ 0.5-15 ppm,
10-90 ppm

Sulfur Dioxide ✓ ✓ ≥0.1-3 ppm

Hydrogen ✓ 0.2-2%,
0.5-3%

Hydrochloric Acid
 (Hydrogen Chloride)

✓ ✓ 0.2-3 ppm,
 5-50 ppm
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Air Monitoring – DustTrak (Particulates)
 Measurement range: 0.001 

to 150 mg/m3

 Operating temperature 
range: 32 to 122 ºF

 Method of particle detection: 
90º light scattering

 Flow Rate: 3 L/min
 Simultaneously measures 

different particle diameters 
by algorithm (PM10, PM4, 
PM2.5, PM1 and Total 
Particulates)



Metals Particulate Size
• National Renewable 

Energy Lab (NREL) 
confirms sizes down 
to nano-particle scale​

• 0.1 to 3 µm easily 
penetrates lungs and 
impacts respiratory health​

• Transition metals 
contribute to DNA strand 
breaks, lung inflammation 
and cancer, 
asthma, pneumonia, 
neurological and nervous 
system effects.



Air Monitoring and Sampling
• Air Monitoring (Real-time/Near real-time):

• Smoke plume modeling (IMAAC: Inter Agency Modeling and 
Atmospheric Assessment Center, (877) 240-1187), down range monitoring.​

• Particulate/vapor real-time air monitoring (Dust Trak, Multi-RAE, Real-
time instruments)​

• Field Portable GC/MS, MS, GAS ID​
• Dust concentration in air calculations (concentration in soil, dust, air)

• Air Sampling (Not real-time requires laboratory analysis):
• Air sampling: pump to cassette for perimeter​
• Air sampling: pump to cassette for personnel​
• Summa Canister or Tedlar bags



Turnout Gear & SCBA 

Keep protection level during 
overhaul process

Decon of turnout gear being 
evaluated

PPE Considerations-Initial Emergency Response



PPE Considerations-Decon TEEX Study
 3 tests of 50 NMC batteries in thermal 

runaway exposing emissions to various 
materials found in the fire 
fighting industry
 6 swatches with bunker gear: outer shell, 

moisture barrier and thermal liner.
 4 swatches from cab apparatus material 

and 2 swatches of SCBA shoulder straps.





75 SVOC identified during testing
Bunker Gear
 SVOC penetrated to moisture barrier. 
 Water cleaning 21% -91% efficiency. 
 CO2 cleaning showed effective with many compounds undetected.
 Penetration of metals to vapor barrier was very low. Thermal liner-ND. 

CO2 cleaning removed over 99% metal contamination. Iron, lead, magnesium 
most difficult to remove. Copper, cobalt, manganese and nickel remained.

SCBA Straps
 Contained highest amount of metal contamination

TEEX report: https://teex.org/ev-ess-current-practices/

PPE Considerations-Decon TEEX Study Results
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PPE Considerations-Removal

Modified Level D PPE – FR Coveralls, Thermal Work 
Gloves, Nitrile Gloves, Eye and Face Protection 
(safety glasses, splash goggles, face shield, based 
on specific tasks), Safety Boots

Modified Level C PPE – FR Coveralls, Thermal Work 
Gloves, Nitrile Gloves, Full-face Air Purifying 
Respirator (APR) with appropriate cartridges; 
typically, the multiple purpose P100, Organic Vapor 
and Acid Gas cartridges, Safety Boots

Modified Level B PPE – FR Coveralls, Thermal Work 
Gloves, Nitrile Gloves, Self-Contained Breathing 
Apparatus (SCBA) or Supplied Air Respiratory (SAR), 
Safety Boots



SOPs
 &

JHAs



JHA – Battery Energy Storage Systems



JHA – EV Battery Removal & Transport



Li-Ion Battery 
Response Considerations

Module 5:
Additional Considerations



• Energy and political initiatives
• Increase in micro-mobility 

devices
• Increase in EVs
• Use of energy storage systems
• Battery farming
• Weather pattern changes
• Points of disposal/recycling
• Education
• Challenges at local response level

Opportunities for 
Concern



Large Disasters/Stafford Act
• Floods
• Fires
• Terrorism to network

Multi-Agency Involvement
Sites
• Battery recycler
• Independent 

modifier/entrepreneur
• Repair shop
• BESS network
• Vape shop
• Transportation sector
• Battery farmer
• Accumulator
• Illegal dumping
• Ocean vessels

Education
• Trainings
• Outreach
• TTX 



Gaining Ground
Research/Understanding

• Knowledge through trial
• Education from experts
• Research by regulatory agencies
• Outreach from manufacturers

Multi-Agency sharing and 
partnerships
Rule making & alterations
EPA National LIBTF

• Guidance 
• Trainings 
• Fact sheets 
• Research



Li-Ion Battery 
Response Considerations

Conclusion / Final Thoughts



Resources
response.epa.gov/R2LIBResources

response.epa.gov/R4LithiumIonBatteryOutreach

phmsa.dot.gov/lithiumbatteries

EPA LIB Guidance Document



Questions?

Keith Glenn
EPA, On-Scene Coordinator

732-321-4454
Glenn.keith@epa.gov

Steve Simonetti
EPA, On-Scene Coordinator

347-899-5757
Simonetti.stephen@epa.gov

Eddie Murphy
DOT, PHMSA
202-734-9122

eddie.murphy@dot.gov

May 2026 – CRRT-St. Thomas, USVI Presentation

mailto:Glenn.keith@epa.gov
mailto:Simonetti.stephen@epa.gov
mailto:victor.graves@dhses.ny.gov
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