
LITHIUM-ION BATTERY EMERGENCIES



Training Outline 

• Battery Basics
• Firefighting Operations and Tactics

• Maritime Focus

• Safety and PPE
• De-energizing, Air Monitoring, and Site Cleanup
• Transport and Disposal 



BATTERY BASICS
 



Battery Types

Non-rechargeable Batteries 
(Lithium Metal)

Stable, large energy density. Can provide 
strong energy surges even after a period 

of low discharge Lithium metal found 
inside is extremely water reactive.  

Non-rechargeable Batteries 
(Alkaline)

Stable, no significant energetic releases.
Consistent energy, long-term power, 

but loses strength over time. 
Long shelf life.



Battery Types

Lithium 
Metal 

Battery 
(Inside)Alkaline 

Battery 
(Inside)



Battery Types

Nickel Cadmium (NiCad)/Nickel Metal 
Hydride (NiMH) Batteries

Rechargeable and stable
Suffers from ”memory effect”

Can be smothered (METAL-X, Sand, etc.)
Water application can cause hydrogen gas 

release

Lead Acid Batteries
Stable, low energy density.

Contains Lead and Sulfuric Acid.
Risk of explosion due to Oxygen and 

Hydrogen generation during charging



Lithium-Ion Battery Types

18650
18x65mm

Prismatic
Cell

Pouch
Cell

2170
21x70mm

Prismatic and Pouch Cells are found in 
industrial and consumer electronics, 
respectively; both are used in electric and 
hybrid vehicles

Cylindrical Cells (18650) are the most 
common cell in mobility (bikes, scooters, etc.) 
and are used by electric vehicles with 3000 
to 7000 cells





Li-Ion Battery Internal Schematic

Li-Ion Battery Internal

O2 Source
H2 & HF 
Source



Thermal Runaway 

 Thermal Runaway – heat generated by the Li-ion 

battery reaches a stage where it becomes self-

sustaining. Exponential rise in battery temperatures. 

Results in explosion, fire, and release of toxic and 

flammable vapors.

 Vapor Cloud – if the gasses evolved during thermal 

runaway do not ignite immediately, they create a 

vapor cloud. NOT ONLY COMBUSTION PRODUCTS!  

Additive Mechanism

Li-Ion Battery Hazards and Failure



 Hydrogen (30%-50%)

 Carbon Monoxide

 Hydrogen Fluoride

 Hydrogen Chloride 

 Hydrogen Cyanide

 Phosphoryl Fluoride

 Organic Solvent Droplets

 Ethane, methane, and other hydrocarbons 

Li-Ion Battery Toxic/Flammable Vapors

Source: Toxic fluoride gas emissions from lithium-ion battery fires. Larsson F, Andersson P, Blomqvist P, Mellander BE. Sci Rep. 2017 Aug 30;7(1):10018. doi: 10.1038/s41598-017-09784-z. Erratum in: Sci Rep. 
2018 Mar 22;8(1):5265. PMID: 28855553; PMCID: PMC5577247.

Toxic/Flam Vapors



6,000 L/kWh of vapors can be released during 
battery failure

Electrolyte is flammable, usually contains lithium 
hexafluorophosphate (LiPF6) or another Li-salt with 

fluorine

HF can be generated at 20-200 mg/Wh

 Electric Vehicle (100 kWh)

 600k L of vapor with 2-20kg of HF

 Energy Storage System (3 MWh)

16M L of vapor with 60-600kg of HF

Li-Ion Battery Toxic/Flammable Vapors

Source: Toxic fluoride gas emissions from lithium-ion battery fires. Larsson F, Andersson P, Blomqvist P, Mellander BE. Sci Rep. 2017 Aug 
30;7(1):10018. doi: 10.1038/s41598-017-09784-z. Erratum in: Sci Rep. 2018 Mar 22;8(1):5265. PMID: 28855553; PMCID: PMC5577247.

Vapor Production



FIREFIGHTING 
OPERATIONS AND 
TACTICS



Voltage in Lithium-Ion Battery Tech

Cell Phones = 3.4 to 4.5V

E-Scooter = 28 to 48V

E-Bike = 48 to 52V

Prius = 200V

Tesla = 350 to 400V

F150 Lightning = 400V

GMC Hummer = 400V

Ford Mach-e = 450V

Trolley = 600V

Tesla Truck = 800V (reported)

Tesla Semi = 1000V (reported)



Exponential Increase – Infrastructure

Federal Infrastructure Investment 
and Jobs Act (11/15/2021)

 $6.3 Billion
 Battery processing, manufacturing, 

and battery recycling and second life 
applications

 $7.5 Billion
 Rapid charging stations – 500,000 

along highways and in communities
 $5 Billion

 School Buses



Rapid smoke and flame production

School Buses?



Differences in Lithium-Ion Battery Fires

 Very toxic atmospheres
 Burn temperatures are higher than normal
 Fires at cell level can burn without external oxygen 

– can’t smother!
 Explosive potential – hydrogen and carbon 

monoxide gases
 Thermal Runaway reaction

 Chemical reaction – rapid degradation
 Exothermic
 Does not require external oxygen
 Nearly impossible to stop once it starts
 Could initiate in seconds or days

 Thermal re-kindle is common – minutes, hours, days, 
weeks, months, years!



Propagation

 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.)



Four Primary Presentations of LIB

Energy Storage Systems

Electric Vehicles

Micro-mobility

Personal Electronics



Battery Energy Storage System (ESS)



Battery Energy Storage System (ESS)



Battery Energy Storage System (ESS)

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

 Safety measures

 UL 9540 & 9540A
 Testing of system



BESS – Failure Events

 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 Tactical Considerations

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

 Battery thermal runaway fires are preceded by smoke
 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 Tactical Considerations 
If Batteries Are Involved

 If a fire is confirmed:
 Non-Intervention or Defensive Operations
 Establish water supply.
 

 #1-Life safety
 Stay out of smoke!
 PPE

 Structural Firefighting Gear and SCBA.
 Rescue
 Evacuate / Shelter-in-Place

 Use as much "ground truth" as possible.



 #2-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 
If Batteries Are Involved



 #3-Property 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.

BESS Tactical Considerations 
If Batteries Are Involved



 Resources to consider
 BESS Personnel
 EPA, Environmental Health, Hazmat
 Gas/Electric

BESS Tactical Considerations 
If Batteries Are Involved



Battery Electric Vehicles (BEV)





% 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

Exponential Increase: Battery Electric Vehicles (BEV)



Battery Electric Vehicles (BEV) – Battery Packs

GM Battery Pack
Pouch Cells 

Tesla Battery Pack
Cylindrical Cells

Ford Lighting Battery Pack
Pouch Cells 



Battery Electric Vehicles (BEV) – Battery Packs



BEV Damage

 Lithium-Ion Batteries primarily 
located in underside of vehicle

 Identification of battery 
involvement is key:
 White smoke
 Battery cell projectiles
 Hissing/popping sounds

Tesla – Cylindrical Cell Batteries 
18650 cell generation

LOTS OF WATER



BEV – Offensive Operations

 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)

 Thermal re-kindle can occur 
minutes, hours, days, weeks, 
months, years, later!



3 Keys to Success

BEV 
Identification 

Secure a 
Water 
Supply

Let it Burn
PROTECT 

EXPOSURES! 
(If possible)



BEV Fire Tactical Considerations
 Life safety

 PPE
 Rescue / Check for victims
 Chock wheels
 Evacuate / Shelter-in-Place

 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.



BEV Fire Tactical Considerations

 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



BEV 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. 
www.NFPA.org
 Some battery cooling 

mechanisms are powered by the 
12-volt system

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



BEV Fire Tactical Considerations

 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

 Non-conductive separation 
between vehicle and metal bed 
to prevent further short circuit.

 Store 50 ft away from all 
exposures



EV ERG – NFPA link



Example ERG



BEV Fire Tactical Considerations – Inside 
(underground/garage)



FSRI Demo on BESS Release Inside Garage



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

 Considerations: 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 

 Underground Parking
 Toxic atmosphere hazard

 Explosive atmosphere less likely due to 
available space and good ventilation profile; 

continuously assess explosion risk!

 Allowing vehicle to burn is an option, with 
significant consequences to the structure
 Overall EV fires heat energy release is 

comparable to internal combustion engine (ICE) 
fires.

 The Jet flame caused by thermal runaway 
accelerates fire spread to other combustibles.  

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

 Perform thorough PPE and personal 
decontamination procedures



BEV Vehicle Extrication
 Charged and STAFFED hoseline!

 Fog pattern for hydraulic 
ventilation
 Does not require full GPM
 GPM Flow x degree of fog 

pattern = CFM

 “RIC” Team with SCBA?
 Consider a standby team to take 

over operations on SCBA



Other Battery Electric Vehicles



E-BIKES, SCOOTERS, HOVER BOARDS, ETC.

Micro-Mobility Devices



Micro-Mobility Devices

 Largest number of LIB incidents
 FDNY LIB fires:

 44 in 2020
 220 in 2022
 268 in 2023 (18 killed, 150 injured)
 Now leading cause of fires and fire 

deaths in NY City, 2024.
 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. 



Micro-Mobility Devices





Inside View



How Many GPMs?
 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; Surprise, AZ.

 Cooling to prevent cell propagation 
may be successful if water can be 
placed into battery pack

 DO NOT force open the battery pack

Can you have more 
GPMs than this?



Micro Mobility Concerns

“Farming”

Elevators

Large volume of smoke 
production



Micro Mobility Concerns

Rapid failure

Overhaul

Toxic atmosphere

Rekindle

Explosive



Micro Mobility Tactical Considerations

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

 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 HIRT to assist with battery 
stabilization, mitigation, 
overpacking, and disposal

 Provide protection line during 
overpacking procedures



They are everywhere! Increasing fire behavior.

Where Do We See Them?



Disposal Challenge

 Trash trucks/recycling 
facilities

 60% of trash truck load fires



Disposal Challenge



Disposal Challenge



SAFETY AND PPE



Safety and PPE
 HazMat Size-UP, Critical Factors
 Incident Priorities L.I.P
 Recognition Prime Decision Making
 Risk Management Process: A lot, A little, Nothing
 Standard Conditions, Standard Actions, Standard Outcomes: 

 S.I.N. C.I.A. P.C.P. D.D.D.D.
 Initial Action Plan: Strategy, Objectives (position and function)(use of 

tactics and task level work).
 S.I.N. C.I.A. P.C.P. D.D.D.D.

 G.E.T.
 Re-assess

63



Safety and PPE
64

P-ersonal Protective Equipment (PPE)
C-ountermeasures-Defensive
P-rotective Actions

D-econtamination
D-ebrief
D-ocumentation!!!!
D-isposal/Recycle

S-aftey
I-solate and deny entry
N-otifications

C-ommand
I-dentification and hazard 

assessment
A-ction planning



Safety and PPE
 Safety

 Front End and Back End
 JHA-HASP

 I-dentification and Hazard 
Assessmment/Analysis
 G-as
 E-lectrical
 T-hermal

65



Safety and PPE

 Fire/Thermal Risk
 Front End (Level D)

 FR-Structure Fire Ensemble
 Interior-Exterior SCBA
 Exterior: Full-Face or Half-Face 

APR or PAPR with P-100 Acid 
Gas Cartridge 

 Back End (Level D)
 Administrative and Engineering 

Controls
 FR-Ensemble

 Interior-Exterior SCBA
 Exterior: Full-Face or Half-Face 

APR or PAPR with P-100 Acid 
Gas Cartridge 

66

Personal Protective Equipment (PPE)
 No Fire/Thermal Risk at This Time?

 Back End (Level D)
 Administrative and Engineering Controls

 Consider particulate in air and exposure levels 
when selecting respiratory protection.

 Level C
 Interior-Exterior Full-Face APR or PAPR with P-

100 Acid Gas Cartridge
 FR-Ensemble (consider decon)

 Interior-Exterior SCBA
 Exterior: Full-Face or Half-Face APR or PAPR 

with P-100 Acid Gas Cartridge 



Safety and PPE
 Decontamination

 Field decon capability

 Equipment decon?

 Garment Decon-Isolation-Decon/Disposal (PPE Level and 
Type)
 Metals and other toxic chemicals
 Traditional washer extractor

 San Diego Study (UCLA)
 ATF-TEEX

 FR PPE Disposal, the Future?

67



DE-ENERGIZING, AIR 
MONITORING, AND 
SITE CLEANUP



Li-ion Battery Fire Response 
Considerations

 Site Safety – Lakes 
Parkway

 Air Monitoring – Asset 
Recycling

 Shipping – Mount Horeb
 Disposal – Asset Recycling
 Expertise and Guidance

69



Site Safety

Lakes Parkway Fire Response

 Fire Department 
responded to facility, 
twice, three days 
apart and requested 
EPA assistance

70



Damaged Batteries are Unpredictable

71





First Fire of the Day – recently packaged 
bucket



Technically not a Fire?



Second Fire of the Day – 
bucket packaged 5 days ago





Aftermath

 Approximately 20 buckets were damaged during the 
second fire

 The bucket that caught fire had been packaged 
approximately 5 days ago and not been touched/moved 
for 4 days



Stop Work

Primary Goal: 

 Stop calling the Fire 
Department

Secondary Goals: 

 Stop having fires

 Find a way to safely 
package/ship/dispose of the 
DDR batteries



De-energizing Batteries

Recycling facilities regularly mentioned that prior to 
shredding they “soak” the batteries in salt water prior 
to shredding TO REDUCE EXPLOSIONS during the 
shredding process.



Battery De-energizing Test

 Saltwater solution – Approximately 0.5% 
NaCl

 1 lb NaCl per 25 gallons water

 Soak from 3 days to 3 months

 Potentially toxic and flammable gases similar 
to plastic fires released during combustion

 24-hour results indicated full discharge of 
test batteries





Runoff/Brine Solution Sample Results
 TCLP results for RCRA metals 

have been non-detect for 
disposal

 Studies show other metals may 
be present in high 
concentrations

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

 First Responder (Fire, Haz-Mat, Police):
 Site Characterization: known, assumed, actual

 Front end gases-materials 
 Isolation distances and site access control
 Protective actions

 Second Responder (DOH, Environmental Response-Protection; 
Contractors):
 Site Characterization: known, assumed, actual

 Back end gases-materials
 Isolation distances and site access control
 Protective actions

83



Air Monitoring
84

Flammable and Toxic Vapor Production
 The electrolyte in a lithium-ion battery is flammable and generally contains lithium 

hexafluorophosphate (LiPF6) or other Li-salts containing fluorine.

 6,000 L/kWh of vapors can be released during battery failure.

 Experimental data has shown that HF cam be generated at concentrations between 
20 mg/Wh and 200 mg/Wh

Extrapolating those experimental results….

 Electric Vehicle 
          (approximately 100 kWh)

 600,000 L of vapors

 2-20kg HF

 Energy Storage System 
          (approximately 3MWh)

 18,000,000 L of vapors
 60-600kg HF



Asset Recycling Fire
85



Asset Recycling – Air Monitoring

HF detections inside 
the downwind building 
approximately 0.5 
ppm
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Air monitoring capabilities and decision making (Tactical)

 Like most fires quantifying the constituents 
of the smoke is difficult, even with the 
appropriate instruments immediately 
available
 Particulate monitoring may be useful 

to indicate direction of plume

 Typical public statement consistent with 
an industrial fire is appropriate for a 
battery fire
 “No amount of smoke is healthy.”
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Air Monitoring (Tactical)

 Site Characterization: known, assumed, 
actual

 hydrogen 
 carbon monoxide 
 hydrogen fluoride 
 hydrogen chloride 
 hydrogen cyanide
 phosphoryl fluoride 

 

88

 Isolation distances and site access control
 Protective actions

 organic droplets
 ethane
 methane
 other hydrocarbons-VOC
 Smoke particulates / metals

 



Air Monitoring – Potential EPA Approach

Target Compound Equip Sensor Concerns

Carbon Monoxide MultiRAE
AreaRAE

CO+H2S CO cross-sensitive to H2; 
H2S sensitive to SO2

Carbon Dioxide None

Hydrofluoric Acid 
(Hydrogen Fluoride)

SPM Flex Mineral 
Acid

Quantity of tapes 
available

Sulfur Dioxide MultiRAE
Drager

SO2 SO2 sensor not always 
installed

Hydrogen MultiRAE
AreaRAE

H2+LEL+
CO

Reduced sensitivity in low 
O2 

Particulates DustTrak PM2.5 Metals not distinguishable 
from smoke



Air Monitoring – RAE Sensors

Target Compound
Ionization 
Potential

RAE 
Sensor Detection Range

Carbon Monoxide 14.01 eV CO 0-500 ppm

Hydrofluoric Acid 
(Hydrogen Fluoride)

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



Air Monitoring – SPM Flex

Target Compound
SPM Flex

Tape Detection Range

Hydrofluoric Acid 
(Hydrogen Fluoride)

Mineral Acid 0.4-20 ppm

Sulfur Dioxide Sulphur Dioxide 0.01-2.5 ppm



Air Monitoring – Dräger Tube

Target Compound
Tube 

Available
CMS Chip 
Available Detection Range

Carbon Monoxide ✓ ✓ .3 - 7 % Vol.

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 % Vol.
0.5 - 3 % Vol.



Air monitoring capabilities and decision making 
(Tactical)
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Air Monitoring
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Air Monitoring (Tactical? VS Post Exposure 
Lab Analysis)

 Particulate Monitoring Respirable Dust Evaluation:
1. High volume sampling:  pump to cassette for perimeter
2. Personal Low volume sampling:  pump to cassette
3. Summa Canister or Field Portable GC/MS, MS, GAS ID
4. Dust Trak
5. Allowable dust concentration in air calculations (concentration 

in soil, dust, air)
6. Direct sample collection
7. Smoke plume modeling, down range monitoring.
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Air Monitoring96



What is it?:
Battery? Battery Debris? Hazardous? Non-Hazardous? Scrap Metal? 
Regulated?



Waste Determination and Transportation

• Background
• Lithium-ion Batteries present various hazards during use and 

at end of life
• DOT damaged battery (DDR, 49 CFR 173.185 (f) Regs 

burdensome, expensive and ineffective to address safety 
concerns.

• Alternative techniques have been developed on Maui; 
however, required changes/updates to 40 CFR and 49 CFR 
are needed.



Shipping – DOT Restrictions for DDR 
Batteries, 49 CFR 173.185 (f)
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DOT Special Permits

 Allow for operations outside 
of the Hazardous Materials 
Regulations, providing a 
similar level of security can be 
met

 Require a submittal for 
approval and can take 7-90 
days to be approved

 Can be issued to a company
 Special permits using special 

packages and special 
cushioning!!!

 These will be limited to 
certain circumstances/use 
cases

 Can be issued to a site
 EPA R4 requested a permit 

that was site-specific at the 
Lakes Parkway Site
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DOT Special Permits
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DOT Special Permits
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DOT Special Permits
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DOT Special Permits
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DOT Special Permits
105



DOT SP-16532: 
Held by cleanup company - not site specific

 Special Permit to package multiple “small” lithium ion 
batteries
 Up to 400 lbs in a standard 55-gallon drum



DOT SP-21329 – held by R4, site specific

 Special Permit to package multiple “large” 
lithium-ion batteries (>300Wh, 14 lbs)
 Up to 180 lbs in a Call2Recycle drum ($800 per 

drum)



Maui Waste Determination and Transportation



Waste Determination and Transportation

• Maui Problem
• Damaged, defective or recalled lithium-ion battery have special 

packaging that was intended to mitigate hazards but effectively 
does not prevent build-up/release of toxic and explosive gases; 
and is expensive. 

• Shipping of material is cost prohibitive and subject to risk- based 
acceptance procedures of carriers.
 Shippers/carriers do not prefer to accept fire impacted batteries (DDR).
 Without additional material processing, the general industry expectation 

is that fire impacted batteries will move as hazardous waste due to 
reactivity (DDR).



Waste Determination and Transportation

• Actions (Maui)
• Crush/destroy/de-construct (No longer meets definitions)
 40 CFR 273.9

 49 CFR 171.8 



Waste Determination and Transportation



Waste Determination and Transportation

• Actions (Maui)
• Material still observed to generated very limited 

toxic and flammable gases (Electrolysis, hydrolysis, 
oxidation, and/or decomposition)
 UN Test



Waste Determination and Transportation

• Actions (Maui)
• Material moved in packaging that provides:

 Ventilation (Highest Readings Taken)
• CO sensor is a 40% H2 Sensor
• 400 PPM of CO=1000 PPM of Hydrogen or .1%v
• LEL of H2 is 4% so .1%v= 2.5% of LEL

• (Drager Tubes: .2%, very light colored green)

 Particulate Control
 Water Intrusion Control 

• Packaging transported in open top containers



       

Carrier to West Coast to Recycler 

2 Open Top Containers Moved with 
30 Tons of "No-Longer Batteries"



Waste Determination and Transportation



Disposal

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

 Risk? $Cost? Efficient?

 Discharge battery (3 
days in brine)

 Aqueous grind battery 
to 0.5” or less pieces

 Extract metals?
 Dispose of remaining 

mash?

116



Li-ion Battery Chemistries
 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

Different chemistries cannot all be
recycled together (depends upon recycler)

117



Involve Recycling Facilities Early
 Tour the site
 Advise on potential chemistries
 Rent drums

 $100 to rent
 $800-1200 to buy new

 Special Permits?
 RFP, large incident.
 Do not try to do on-site 

grinding yet
 Regulations and Choices
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Regulations and Choices
119



TRANSPORT AND 
DISPOSAL



Lithium Battery Incident
PHMSA –  2023



PHMSA Understanding DDR Batteries



Houston TX – April 23, 2017

Shipping 
container exploded 
while in transportation 
by rail.

There was no warning 
or indication that 
lithium batteries were 
involved.



San Antonio, TX – February 10, 2022

Use of black shrink-wrap made it difficult to see damage that 
impacted the cellphones/batteries in the packages.



Port – L.A. Long Beach – March 4, 2022

•Shipper described 
the contents 
as Synthetic Resins 
N.O.S.

•Many other 
containers were found in 
the port and loaded on 
ships with the same 
description



Port – L.A. Long Beach – March 4, 2022



Port – L.A. Long Beach – March 4, 2022

Container of undeclared li 
batteries involved 
associated with the previous 
container contains 
laptop batteries.



Hurricanes – September 28, 2022

Hundreds of 
EV’s and thousands 
of devices 
exposed to sea 
water and other 
forces associated 
with hurricanes.

Photos provided by Sanibel Fire Department



Photos provided by Sanibel Fire Department

Hurricanes – September 28, 2022



Birmingham, AL– March 31, 2023



Genius Star IX, December 25, 2023



Genius Star IX



Genius Star IX

Photos by Lt. Cmdr Michael Salerno, USCG D17



Genius Star IX

Photo by T&T Salvage and Marine Firefighting



Genius Star IX

Photo by Petty Officer 1st Class Melissa McKenzie, USCG



Genius Star IX



Genius Star IX

10 cells
x

3 modules
x

28 packs
x

180 stacks
= 

>150k cells



Genius Star IX



M/V Magellan



M/V Magellan



M/V Magellan



M/V Magellan

Photo by Fairmont City FD Facebook



M/V Magellan



M/V Magellan



M/V Magellan



Port of Oakland Fire – May 12, 2024



I-75 Explosion – June 29, 2024



LIB Transport – Review

 Poor battery handling
 Poor and inconsistent packaging
 Mis-declared and mislabeled
 Unprotected Damaged, Defective, Recalled (DDR)
 Poor management of End-Of-Life (EOL)
 Mixing DDR and EOL batteries

 Incidents can be new batteries, not just DDR and EOL
 Current domestic shipping regulations and SP are not 

fully protective and are slow/difficult to change

Review
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