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Executive Summary

Fire and Rescue New South Wales (FRNSW) conducts research that informs firefighter, community, and built
environment fire and life safety. The battery technologies used in portable electronic devices such as e-cigarettes
and vapes, mobile phones, tablets, laptops, and power tools, are now being used in increasingly larger applications,
including electric scooters, electric bikes, electric vehicles, and battery energy storage systems. Lithium-ion
batteries (LiBs) have usurped other battery chemistries due to their higher-energy density, high performance, low
charge times, long cycle-life, and falling manufacturing costs, however they are also prone to catastrophic failure.
These failures can result from internal faults and ageing, or from thermal, mechanical, or electrical abuse. For
systems that are used in disaster prone areas, this can include mechanisms such as heat, ember or flame
impingement from bushfire, and electrical or mechanical failure due to storms, flooding, or earthquakes.

For fire and emergency services responding to incidents related to LiBs, there are challenges related to fire
intensity, exposure to toxic gases and effluents, deflagration risks in confined environments, stranded electrical
energy hazards, protracted extinguishment and cooling, risks of secondary ignitions, rendering safe, containment
of contaminated fire water, and the handling, transportation and disposal of affected batteries and battery
systems. Although extremely beneficial to modern society, LiB’s present a number of hazards when improperly
managed and handled, which can cause property damage, injury or death. The proliferation of this technology
through everyday devices also increases challenges regarding their safety, due to the large number of LiB’s in
circulation, rapid developments in technology and difficulties in educating the public regarding their correct use,
storage and disposal.

The research activities were conducted in three parts. Part A initial testing aimed to answer Activity 1 by
characterising single cell LiBs and exploring the ways that LiBs fail under various conditions and found that thermal
runaway (TR) in LiBs present significant flammability, explosion, and human health hazards. The variability and
characteristics of TR are highly dependent on the battery characteristics however due to the high variability of the
TR, they conversely cannot be used as a predictor of the hazard profile and severity. The learnings from the initial
testing were used to inform Part B and C. Activity 2 was addressed as two separate elements. Part B testing
evaluated new and existing extinguishing methods on LiBs representative of an e-bike and found that water was
the most effective extinguishment agent for cooling a LiB in TR. Part C testing involved a preliminary exploration
into the effectiveness of the current decontamination and laundering procedures of FRNSW structural firefighting
PPC, to assess if current practices are effective at decreasing contamination from LiB vapour exposure and found
that on-site wet decontamination combined with the FRNSW laundering system was effective at reducing
contaminants on testing structural firefighting PPC swatches. Activity 3 was addressed by a comprehensive review
of completed experimentation outcomes and learnings to providing recommendations for LiB specific procedures,
guidelines, and training materials. These recommendations, when implemented, have significant potential to
mitigate the risk of LiB fires and emergencies to the community and built environment.

From this body of work, the following recommendations are provided:

Recommendation 1 — Emergency responders are recommended to approach all battery incidents as worst-case
scenarios in the first instance.

Recommendation 2 — Atmospheric monitoring by emergency services for hazardous battery gas and vapour is
recommended throughout the entire duration of an incident.

Recommendation 3 - It is recommended that conservative exclusion zones are set in place during incident
management.

Recommendation 4 — Liquid extinguishment agents and mediums are more effective than fire blankets at cooling
batteries and reducing the duration of thermal runaway.
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Recommendation 5 — Immersion is currently the most definitive method for thermal management of a battery
fire. The application of liquid agents can have some stabilising effects that can create safer handling conditions.
Thermal runaway may start, continue, and propagate while a battery is immersed in water.

Recommendation 6 — Immersion of a battery into water is effective at managing a battery fire. It is recommended
that the battery is monitored after water immersion as cooling and extinguishment is not immediate and batteries
may continue to off-gas and heat after immersion.

Recommendation 7 — Battery manufacturers are recommended to consider battery casing materials in designing
for safety.

Recommendation 8 — It is recommended that emergency responders utilise self-contained breathing apparatus
and appropriate personal protective clothing and equipment for the duration of the battery incident, including
during post-incident battery handling and management.

Recommendation 9 — It is recommended that any personal protective clothing exposed to battery off-gassing is
appropriately decontaminated and laundered using industrial procedures.

Recommendation 10 — It is recommended that any water run-off from battery incidents is appropriately captured,
treated, and disposed of to mitigate environmental contamination and risk.

Recommendation 11 — Community education should consider the heightened risk of attempting to intervene
and/or extinguish battery fires.

Recommendation 12 — Extinguishment agents or tools that require coming into proximity with a battery fire, such
as portable fire extinguishers and fire blankets, should not be used without adequate personal protection.

Recommendation 13 - It is recommended that batteries are stored and charged on solid, non-flammable surfaces,
away from other flammable items, and in a well-ventilated area.

Recommendation 14 — It is recommended that decontamination of surfaces and areas after a battery fire is
considered at incident handover, prior to re-occupation.

The implementation of these recommendations can be used to meet project objectives to “Address gaps in the
emergency services sector’s knowledge and understanding of LiB fires” and “Mitigate the risk of LiB fires to
community and infrastructure in disaster/emergencies through research findings”.
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Acronyms

Definition

Acronym
BESS
BMS
CCTV
COLA
cv
CV-AAS
DAQ
EBCT
EV
FRNSW
FPS
FTIR
HRR
ICP-OES
IQR

ISE

LFP

LiB

NA
NFPA
NI
NMC
NSW RA
occ
OH
PAH
PPC
PPE
PQL
PVC
SARET
SCBA
SoC
SOG
SvVoC
TC

TIC

TR

VFD

Battery energy storage system

Battery management system

Closed-circuit television

Covered outdoor learning area

Coefficient variant

Cold vapour atomic adsorption spectrophotometry
Data acquisition system

Empty bed contact time

Electric vehicle

Fire and Rescue New South Wales

Frames per second

Fourier Transform infrared

Heat release rate

Inductively coupled plasma optical emission spectrophotometry
Inter-quartile range

lon selective electrode

Lithium iron phosphate

Lithium-ion battery

Not applicable

National Fire Protection Association
National Instruments

Nickel manganese cobalt

New South Wales Reconstruction Authority
Oxygen consumption calorimetry
Occupational hygiene

Polyaromatic hydrocarbon

Personal protective clothing

Personal protective equipment

Practical quantification limit

Polyvinyl chloride

Safety of Alternative and Renewable Energy Technologies
Self-contained breathing apparatus

State of charge

Standard operating guideline

Semi-volatile organic compound
Thermocouple

Thermal imaging camera

Thermal runaway

Variable frequency drive
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Abbreviation/Symbol

Unit

cm
RZ
F-distribution
°C

A

-

g

J

Hz

pH

kPa

kWh

kw

3 x r

Hg
mAh

mg

min

nm

p-value
[number]s[number]p

w/v

approximate

centimetre(s)

coefficient of determination
continuous probability distribution
degrees Celsius

delta (difference)

fluoride ion

Hedges’ g

Hedges’ g correction factor

hertz

hydrogen ion activity scale (acid-base scale)
kilopascal

kilowatt hour(s)

kilowatt(s)

litre(s)

mean

metre(s)

microgram(s)

milliamp hour(s)

milligram(s)

millimetre(s)

minute(s)

nanometre(s)

null-hypothesis significant test value
number of cells in series and number of cells in parallel
Ohm

per cent

pixels

plus-minus

revolutions per minute

second(s)

standard deviation

time

volt(s)

volume per volume

watt hour(s)

watt(s)

weight per volume
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