


Program Goal
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Prepare first responders to operate 
safely at incidents involving:

ÅHybrid Electric Vehicles (HEVs)

ÅPlug-In Hybrid Electric Vehicles 
(PHEVs)

ÅElectric Vehicles (EVs)

Photo courtesy of the San Jose CA Fire Department



Hybrid and Electric Vehicle Safety Training - Program Modules
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Introduction

Introduction

Basic Electrical Concepts  Hazards

Basic Electrical 
Concepts & 

Hazards

P/HEV  EV Systems   Safety Features

P/HEV & EV 
Systems  & 

Safety Features
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Electric Shock - Warning!

Charging 
Stations

Initial Response: 
Identify, Immobilize 

& Disable

Emergency Operations

Emergency 
Operations
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Following instruction, the student shall be able to:

OBJECTIVES

Emergency Operations

Identify unique extrication challenges in crashes involving 

P/HEVs and EVs

Determine appropriate actions for extinguishing P/HEV or EV 

fires

Determine the appropriate actions to handle a fire involving a 

P/HEV or EV HV battery

Determine appropriate actions when responding to 

submerged P/HEVs or EVs
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Following instruction, the student shall be able to:

OBJECTIVES

Emergency Operations

Determine the appropriate actions to handle a damaged 

P/HEV or EV battery

List those procedures required for handling a damaged 

P/HEV or EV post incident

Determine the appropriate actions for incidents involving 

charging stations
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Emergency Responses
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Emergency Operations

Extrications

HV Battery  Breach

Vehicle  Submersion

Charging  Stations Vehicle  Fires



Emergency Response Procedures

7

Emergency Operations

Many procedures used 

for conventional 

vehiclesé

éWill be the same for 

P/HEVõs and EVõs

There are, however, some important and critical differences to consider

Photo courtesy of the Westport CT Fire Department



ERGs - ISO Standard 17840
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Emergency Operations

NFPA ERG Library 

https://www.nfpa.org/education-and-research/emergency-response/emergency-response-guides#aq=%40cu


ERGs - ISO Standard 17840
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Emergency Operations

NFPA ERG Library 

https://www.nfpa.org/education-and-research/emergency-response/emergency-response-guides#aq=%40cu


Extrication

10

Emergency Operations

ÅUtilize standard 
technologies

ÅNo special tools or 
equipment needed

ÅMust maintain situational 
awareness, especially 
with HV components



Extrication ï Stabilization 
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Emergency Operations

ÅStandard stabilization 
methods acceptable

ÅAs always, crib at vehicle 
structural points

ÅAvoid HV components, 
fuel lines, etc.



Extrication ï Stabilization 
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Emergency Operations

Weight
of the HV batteries on roof 
may alter the center of gravity

Avoid  
placing cribbing under 
frame mounted batteries



Extrication ï Cutting/Spreading Operations
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Emergency Operations

ÅHV components/cabling 
typically not found in 
standard ñcut pointsò 
such as roof posts

ÅBefore starting operations 
determine location of:

ÅOccupant protection 
systems

ÅHV components



Extrication ï Cutting/Spreading Operations
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Emergency Operations

ÅDo not push, pull or 
place a strain on the 
battery pack

ÅCan result in damage to 
Li-Ion cells and cause a 
thermal runaway event

ÅProper stabilization 
critical



Extrication ï Potential Obstacles

15

Emergency Operations

Trunk Tunneling
Some models have HV 
batteries completely 

behind rear seat

Through the Floor
HV batteries and cabling 

may be in the way

Image copyright Tennen-Gas - Courtesy Wikimedia Commons



High Voltage Battery Breach

16

Emergency Operations

Electrolyte is 
flammable

Some models make 
leak liquid coolant

DO NOT touch or 
handle damaged HV 

Battery ï Shock Hazard!

Batteries are dry cell: 
Even if crushed electrolyte 
release should be minimal 



High Voltage Battery Breach
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Emergency Operations

Monitor damaged HV 
battery for:

Leaks

Venting flames

Popping noises

Venting gases

These are signs of potential Thermal Runaway 
ï Risk of off gassing and fire



High Voltage Battery Breach
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Emergency Operations

ÅDon SCBA if battery begins 
off gassing

Follow local medical protocols if exposed to battery off gassing



Submersion
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Emergency Operations

ÅIt is safe to enter water 
and touch vehicle

ÅHV system isolated from 
chassis

ÅDO NOT touch HV 
components

ÅDesigned not to energize 
vehicle chassis or water



Submersion
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Emergency Operations

1. Remove vehicle from water

2. Allow to drain

3. Follow MFG recommended 

disabling procedure

Procedure

Never remove 

submerged 

manual service 

disconnects

Bubbles may be released from HV 
battery due to electrolysis



Vehicle Fires ï Suppression
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Emergency Operations

As with any car fire always 
utilize full PPE & SCBA Utilize standard firefighting 

equipment to extinguishé

éThen follow standard 
shutdown procedures



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

ÅMost FDs not prepared

ÅInadequate ERGs (ISO 17840)

ÅGaps in safety standards and 
research

ÅNHSTA to conduct testing and 
include ERGs in safety ranking

Determinations

NTSB EV Fires Report

https://www.ntsb.gov/safety/safety-studies/Pages/HWY19SP002.aspx


Vehicle Fire Decision Matrix
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Emergency Operations

No

Extinguish 
fire normally 
ï Consider 

post incident 
precautions

Tactics based on 
available water supply, 

location of vehicle, 
exposures, access to 

cells on fire, etc.

Yes

Is Battery 
on Fire?



Vehicle Fires - Li-Ion Batteries & Thermal Runaway
Emergency Operations
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Vehicle Fires - Li-Ion Batteries & Thermal Runaway
Emergency Operations
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Cell Failure Thermal Runaway Propagation



Vehicle Fires - Li-Ion Batteries & Thermal Runaway
Emergency Operations
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Image Credit Shashank Arora - Aalto University



Vehicle Fires - Li-Ion Batteries & Thermal Runaway
Emergency Operations
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Hydrogen

Hydrogen 
Fluoride

Hydrogen 
Chloride

Carbon 
Monoxide

Hydrogen 
Cyanide

Ethylene

Ethane
Methane

Propylene

Sulfur 
Dioxide

During a battery fire

Flammable/Toxic gases can 
be released

Hydrogen 
Sulfide



Vehicle Fires ï Burn Study
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Emergency Operations

ÅDetermine best practices 
for fire suppression in 
EV/HEVs 

ÅDevelop tactical guidelines

ÅIdentify areas of additional 
research

Goals



Vehicle Fires ï Battery Burn Study
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Emergency Operations

ÅConducted at MFRI

ÅFire Protection Research 
Foundation/NFPA

ÅMockup of HEV/EV used

Å3 HEV type batteries

Å3 EV type batteries



Battery Burn Study- Topics Researched
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Emergency Operations

Shock 
Potential

Water 
Required

Suppression Time



Battery Burn Study- HEV Type Battery
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Emergency Operations

Three Tests Conducted

Total Water Used Total Extinguishment Time

275 Gallons

443 Gallons

1,060 Gallons

15 Minutes

46 Minutes

56 Minutes



Battery Burn Study- EV Type Battery
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Emergency Operations

Three Tests Conducted

Total Water Used Total Extinguishment Time

1,274 Gallons

2,639 Gallons

1,165 Gallons

49 Minutes

60 Minutes

36 Minutes

The size and location of EV batteries 
may require larger volumes of water 



Battery Burn Study- Shock Potential 
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Emergency Operations

Water streams were not  energized by HV battery



Battery Burn Study ï Conclusions
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Emergency Operations

Large amounts of 
water may be required

Establish a sufficient 
water supply

Extinguishment time will most 
likely increase due to poor access 

to burning cells

Electrical current from HV battery 
not carried by hose stream



Tesla S Test Burn ï CalFire 
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Emergency Operations

ÅFire in a single battery 
module initiated

ÅQuick knockdown

ÅVehicle tilted and water 
applied to underside

ÅApproximately 4,000 
gallons used



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

ÅEV crashes into garage

ÅHigh speed impact (82 mph)

ÅEstimated 20,000 gallons (200 
ï 600 gpm)

Lake Forest CA

NTSB EV Fires Report

Tesla Model X Fire (Lake Forest, California) (youtube.com)

https://www.ntsb.gov/safety/safety-studies/Pages/HWY19SP002.aspx
https://www.youtube.com/watch?v=3eFM9JJMH_0&t=14s


Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Å200 gallons to extinguish

ÅTwo subsequent incidents at yard

ÅFive days post incident 1,200 
gallons used

Mountain View CA

Image courtesy of Mountain View CA Fire Department



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Image courtesy of Mountain View CA Fire Department



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Image courtesy of Mountain View CA Fire Department



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Images courtesy of Mountain View CA Fire Department



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Image courtesy of Mountain View CA Fire Department



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

Image courtesy of Mountain View CA Fire Department



Vehicle Fires ï Los Angeles CA
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Emergency Operations

https://www.youtube.com/watch?v=V3BNBKDMEhQ

ÅHigh speed crash

ÅVehicle spit into segments

ÅBattery pack compromised 

West Hollywood

https://www.youtube.com/watch?v=V3BNBKDMEhQ


NH Vehicle Fire ï 4/9/22 to 4/15/22
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Emergency Operations

ÅLarge quantities of water to 
extinguish

ÅReignition occurred six days later

Nashua NH

Photo Credit: Nashua Patch (NH)



NH Vehicle Fire ï 4/9/22 to 4/15/22
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Emergency Operations

ÅLarge quantities of water to 
extinguish

ÅReignition occurred six days later

Nashua NH

Photo Credit: Nashua Patch (NH)



Vehicle Fires ï NTSB Report ï 11/13/20
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Emergency Operations

ÅEV battery fire

ÅVehicle was driving when 
smoke came from battery

ÅEstimated 300 gallons of water 

West Hollywood CA

Tesla Model S Spontaneously on Fire in Los Angeles (youtube.com)

https://www.youtube.com/watch?v=CdaFk3w6rUY


Flammable Gas Release and Ignition
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Emergency Operations

ÅRenault Zoe 

ÅUnknown Location

ÅñMeltawayò plate under rear 
seat

Gas Buildup & Ignition

Renault Zoe burning... (youtube.com)


