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Asia’s Airlines Crack Down on Lithium Batteries as
Fire Risks Rise
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Lithium-ion batteries cause fire
at Berkeley apartment building

"They have been pretty prolific about starting fires for us in the last couple

ﬂ Christine Mao
March 12th, 2025 at 9:55 AM EDT

Posted on September 16, 2022 at 3:53 pm.

years, the Berkeley Fire Department said.
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The Asahi Shimbun National Report article

Rechargeable batteries blamed for 21,000 fires, smoke events

By KEITARO FUKUCHI/ Staff Writer
April 23, 2025 at 07:00 JST
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The last five years has seen a dramatic increase in fires caused by electric vehicle batteries in the UK, with a sharp rise in
incidents taking place last year, unique data gained by CE Safety has revealed.

and charging safety

The growth in popularity of electric vehicles has led to cars, scooters, bikes and motorbikes setting alight, with a total of 735 %
call-outs across 29 fire and rescue services across Britain since 2017. R .
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Lithium-ion

LITHIUM-ION BATTERY MARKET SIZE. 2021 70 2030 (USD BILLION)
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Why do Lithium-ion batteries pose a fire risk

Main reasons for the risk:

1. Improperly manufactured

Contamination

2. The software that operates the battery or charger is not

designed correctly, causing a defect

Explosion

Q% Qf 3. Damaged from shock (dropped or in the case of vehicles,

]
Dendrite Growth)| Extreme Temp

1.? §
=) -8
= &

Deformation

=y

Separator Separator Separator
Tearing Piercing Collapsing

involved in a collision or accident)

4. Over-charging/ over-discharging

5. EXposure to extreme temperatures/ high local temperature

( Internal short circuit

. Short circuit
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Shipping Lithium-ion batteries - rules, codes, packing..

Lithium batteries are now effectively classified as Class 9 material — termed
“miscellaneous dangerous goods”.

IMO Requirements:

Class Packing group Il IMO-Labels 9

Proper shipping name Lithium-lon batteries, UN 3480

IMDG Code: Special provisions188, 230, 310, and packing instructions P903
EmS: F-A, S-

Stowage category A

Damaged and defective batteries: contact your National Competent Authority

If shipping lithium batteries via sea freight, you will need to comply with the
International Maritime Dangerous Goods (IMDG) Code. But there gaps in its
regulations leave room for dangerous oversights. For instance, while Li-ion
batteries are classified as "miscellaneous"” under Class 9, this fails to fully
acknowledge the severe risks they pose. Furthermore, EV’s are not required to
be declared as dangerous goods when transported on car carriers, leaving
crews unaware of how many EV’s are onboard or their specific locations.
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Fire Curve
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Thermal Runaway - Process and ldentification

Battery explodes @

& - Hissing, screaming or popping

Thermal runaway — gases + heat — gases vent — white vapour cloud

Delayed ignition
Increased

Reaction Rate

Immediate ignition Temp?rature
Rise

Thermal

Cathode material

ejected as black Toxic cloud Runaway
. “smoke” of toxic Vapour Cloud
> 1000°C rocket-like heavy metal Explosion @
flames, thin toxic fume nanoparticles

@ Stranded energy

Remaining plastics burn with black smoky fume . Arc flash
Electrocution

Re-ignition

Heat Generation

Image courtesy of Newcastle University — Professor Paul Christensen
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Vapor Cloud

Hydrogen

Carbon monoxide
Carbon dioxide
Hydrogen fluoride
Hydrogen cyanide

Small droplets of the organic solvents

Ethane, methane and other hydrocarbons

Sulphur dioxide and nitrogen oxides
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Car Manufacturer

Firefighting

TIC/R ()

ASSSS A

DO NOT SUBMERGE VEHICLETO
| EXTINGUISH/COOL BATTERY FIRE

T Battery fires can take up to 24 hours to fully cool, After suppression and smoke has
»4"0‘_] visibly subsided, a thermal imaging camera can be used 1o actively measure the

MONITOR HV BATTERY TEMPERATURE

- L
A POSSIBLE BATTERY RE-IGNITION! FOR AT LEAST 24 HOURS

.

temperature of the high voltage battery and monitor the trend of heating or
coohng. There must be no fire, smoke, audible popping/hissing, or heating present in the high
voltage battery for at least 45 minutes before the vehicle can be released to second responders
(such as law enforcement, vehicle transporters, etc.). The battery must be completely cocled
before releasing the vehicle to second responders or otherwise leaving the incident.

Always advise second responders that there is a risk of battery re-ignition. Second responders
should be advised to position the vehicle to drain excess water out of the vehicle by tilting or
repositioning it. This operation can assist in mitigat:ng possible re-ignition, Due to potential
re-ignition, 8 Model S that has been involved in a submersion, fire, or & collision that has
compromised the high voitage battery should be stored in an open area at keast 50 feet (IS m)
from any exposure.

WARNING During all firefighting activities, consider the vehicle energized. Always

USE WATER TO FIGHT A HIGH VOLTAGE BATTERY FIRE. If the battery catches
1Y, 1 WADUIYU LU IR PR, T 0 YRTIRTGUTIY (eal O gases, USE arge amounts of
water 10 cool the battery. It can take bDetween approximately 3 000- 8 000 gallons
(1),356- 30,283 kters) of water, applied directly to the battery, to fully extinguish
and cool down a battery fire: always establish or request additional water supply
early. If water 15 not immediately avalable, use CO2, dry chemicals, or another
typical fire-extinguishing agent to fight the fire until water is available

NOTE: Tesla does not recommend the use of foam on electric vehicles.

Apply water directly to the battery. If safety permits, lift or tilt the vehicle for more direct
access to the battery (see chapter 2). Water may be appsed from a safe distance ONLY if a
natural cpening (such as a vent or cpening from a collision) already exists, DO not cpen the
battery for the purpose of cooling it.

Tesla does not recommend placing the vehicle in a large container full of water. The use

of a Thermal Imagery Camera or infrared (TIC or IR) is recommended to monitor battery
temperatures during the cooling process, Continue to use water until the battery has reached
ambient temperaturas or below, indicated by the thermal imagery camera, When utilizing a
thermal imaging camera, allow enough time, once the application of water has stopped, to allow
for heat within the battery to transfer to the battery enciosure.

wear full PPE including a Self-Contained Breathing Apparatus (SCBA)

High-Voltage Battery — Fire Damage

Simalar 10 conventional and other electric and hybrid vehicles, a burming battery
releases super-heated gases and toxic vapors. This release may include volatde
organic compounds, hydrogen gas, carbon dioxide, carbon monoxide, s00t,
particulates containing oxides of nickel, aluminum, lithium, copper, cobalt. and
hydrogen fluoride. Responders should always protect themselves with full PPE,
including SCBA, and take appropriate measures 1o protect civihians downwind
from the incident

The high voltage battery consists of lithium-ion cells. If damaged, only a small amount of fluid
can leak

The high voltage battery and drive unit(s) are liquid cooled with a typical glycol-based
automotive coolant. If damaged. this blue coclant can leak cut of the high voltage battery,

A damaged high voltage battery can create rapid heating of the battery celdls. If you
notice smoke. steam, or audible popping or hissing coming from the high voltage
battery, assume that it is heated and take appropriate action as described above

13



Car Carriers fire fighting systems

Deluge system CO2 Flooding system High expansion foam
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Using High Density Foam
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Drencher / Deluge Systems
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Fire Blankets

Hyundai Glovis Enhances Fire
Safety for Car Carriers
Addressing EVs

Fire covers and water lances are being added to the fire equipment (Hyundai Glovis)

17
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Difference in Approach & Opinions

Difficult to extinguish — the location of the batteries.

Larger quantities of water required. Example — 100m3/100 000It of
water over 4 hours for EV, instead of approx 4m3/4000It over 30 minutes
for a combustion engine car.

Both extremely explosive gasses which can create
explosions in case of thermal runaway as seen at the

NORLED Ferry

18
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Car Carriers

11

Stability of car carriers can be problematic for ol |

firefighting operations N ﬁ?l—l ' — |

fr51.2 fr76.8 fri024 fri28 fr166.4 fr

B
:

* Slender underwater hull

* High structure above water line

» High weights above water line

* Relatively low
metacentric height
(GM)

» Large open deck
areas (free surface |
moment 7\
of firefighting water) °
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Car Carriers

Sailing condition Firefighting condition
Normal load condition with vehicles on board. The Lower deck with some FiFi water on it. Only a small
initial stability is already relatively low. qguantity of FiFi water results in stability loss due to
_ | the free surface moment correction.
Deadweight Summary and Details Deadweight Summary and Details
Group Weight  VCG Lcéc  TCG  Fst Group Weight  VCG LCG  TCG  Fst
MT m-BL m-AP m-CL m-MT MT m-BL m-AP m<CL mMT
Lightship 16.836 15850  89,340F 0,000 0 Lightship 16.836 15850 89,340F 0,000 0
Fw 193 1,000 14,731F 70228 190 FW 193 11,000 14,731F 7,022 190
Fo 1.01 3333 94,105F 1,395F  1.835 FO 1.011 3,333 94,105F 1,395P  1.835
Do 444 3888 56218F 54925  1.904 DO 444 3,888 56,218F 54925  1.904
I Decks 0 - - - 0 I Decks 383 4,231 73,046F 0,000 41.543
WBT 3.440 2226 111,455F 0,103P 10.170 WBT 3.440 2,226 111,455F 0,103P 10.170
Misc. 0 - - - 0 Misc. 0 - - - 0
Il machinery 0 - - - 0 B Mmachinery 0 - - - 0
Constant 431 10,860  42,240F 0,000 0 Constant 431 10,860 42,240F 0,000 0
B misc. weights 8228 22357 91652F 0,239P 0 I visc. weights 8.228 22,357 91,652F 0,239P 0
Displacement 30.582 15,380 90,992F 10,0025 14.098 Displacement 30.965 15242 90,770F 0,002S 55.641
Stability Stability
KMt 16,866 m-BL KMt 16,838 m-BL
VCG (Upright) 15,380 m-BL VCG (Upright) 15,242 m-BL
GMt (Solid) 1,486 m GMt (Solid) 1,596 m
FS Correction 0,461 m FS Correction 1,797 m
Cll iz 025 GMt (Corrected) 0,201 m

21



Car Stowage

Spacious, large, open decks.

Mainly enclosed or covered decks
with limited headroom

= Close Packed stow.

= Restricted Access.

NB: Note the flammable Lashings!

i.e. Early Failure of lashings restraint during a fire...

A 22
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Vehicle Decks — The Physical Challenges

As trucks get larger then the gaps between each when
stowed obviously gets less.... Vehicle lashing points
generally 3.2m wide.

CAR CARRIERS — SPACE BETWEEN 15cm
(Maximising Space)
RO-PAX — 50-60cm for cars, 40cm or so for TRUCKS

SCBA — Ships generally have 200bar BA cylinders —
work endurance around 20mins. When car deck is
full, it will take 5 — 10minutes to reach a specific car.

Fire Blankets weight between 25kg and 40kg. Crew
deploy wearing full fire suit and SCBA... Deployment
takes around 5mins...

% 2

SMIT



Boarding RoRo and Ro-Pax vessels

* The intrinsic design of car carriers can make access
for salvors complicated

* Presence of toxic gasses can create safety challenges
in relation to capacity BA sets

« Construction of vessel can create safety challenges for
salvage team trying to reach fires situated on lower
decks

* Development of list can create further safety
challenges with respect to shifting cargo

i

{ “ ety T i
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Container Ships

The loading condition and thus the Bending Moments (BM)
and Shear Forces (SF) will change as a result of the added
sea water to the hold.

Too much water could result in possible structural failure due
to exceeding BM'’s and SF'’s.
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Strength in Firefighting condition
- Hold 2 filled for 65% with FiFi water

Strength Summary (Combined)

4‘Sh'ear i s : 2o ) . Moment (+Hog) >
34.
2} .
']
O: o
1]
2] e
2]
o 24 43 72 102 122 140 1S8 176 196 214
-  Shear (MT¥10*3
----- Sea Shear Allowable (MTW10"3
—— Moment (m-MT¥V10°S
T —t Sea Moment Allowable (m-MT)/ 10+ S
Max BMom %Allow 64557 %
Max Shear YaAllow 13423 %
Condition Summary
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Container Fires

= Locating and identifying the fire container.
» Locate, Isolate, Contain, Extinguish

= Surrounding containers — sometimes cannot
use water to extinguish.

= Containing the spread.
= Correct stowage plan and/or cargo manifest.

= Various cargos mixing, causing hazardous
environment.

= Removal of container(s)
= Ports of Safety/Refuge?

» Once extinguished — dealing with the aftermath
— waste removal.

A 27
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Lithium-ion batteries - fire fighting agents

Desired properties of fifi agents:

High extinguishing capability

High cooling properties )

High electrical insulation

Low toxicity ___ Overview by Lin Zhang et al
Low residue " Based on Li-ion tests

e e Not always directly applicable

- —_—
— T,

High penetrating power (get close to battery)
Storage/Transport system and agent Added salvage
Applicable in large, ventilated/open areas —— properties

Weight/density agent. (T.b.d)

Mobility of the system

_—

ranking : depends on goal vessel vs container vs cardeck)

29



Lithium-ion batteries - fire fighting agents

Extinguishing capacity
Excellent
L et Good Cooling
e Medium  capacity
Low residue Insulativity

Low toxicity
(a) CO,
Extinguishing capacity

Low toxicity

(d) Liquid nitrogen

2

SMIT

Extinguishing capacity
JExcellent
Good Cooling
Low cost :
o Medium SapacRy
Poor (
Low residue Insulativity
Low toxicity
(b) HFC-227ea
Extinguishing capacity
Excellent
Good Cooling
oW co-s( Medium capacity
N : Poor '
Low residuc Insulativity

Low toxicity

(e) Aerosol

Extinguishing capacity
cellent

Low cost

Low residue

Low toxicity

(c) C¢H )20
Extinguishing capacity

cellent

Low residuc

Low toxicity

Cooling
capacity

Insulativity

Insulativity

(f) Water injection

Extinguishing capacity
Excellent

Good

Cooling

Low cost capacity

Low residue Insulativity
Low toxicity
(g) Water sprinkler
Extinguishing capacity
Excellent
Good Cooling
T oas Medium capacity
o Poor |

Low residue \ P ~Insulativity

>

Low toxicity

() Dry powder

Extinguishing capacity
[Excellent

\
Good Cooling

capacity

Low cost

Medium

.'\ .

Low residue Insulativity

‘!
Low toxicity

(h) Water mist

Extinguishing capacity
Excellent
Good Cooling
|

Low cost capacity

Medium
Poor

Low residue Insulativity

Low foxicity

(1) Foam

30



Direct Foam Injection
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Design of the Fifi systems onboard

g : : :

Voldoende ECO CAF schuim¥olumes aanbrengen via
bovenzijde die het voertwggolledig inpakken
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FiFi Robots (ROV)

Fire fighting robots or better described as
FIFI ROV are currently ready off the shelve
and could play a vital part in controlling
iIndoor lithium fires.

Benefits Downsides

* No onsite personnel » Accessibility

« Can use suffocating « Risk of getting stuck
extinguish agent « Very situational

« Thermo-visual camera < (Elec Cars) Doesn'’t
* Precise constant aim reach battery pack

A
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Possible future developments

FIFI ROV (Custom)

To combat lithium fires in electric cars cooling the battery
pack is a must. On board a RORO vessel a ROV that
could drive underneath the car could be a solution for
direct cooling of the battery pack.

A ROV that can pull a FIFI hose underneath a row of
parked cars could be ideal to extinguish multiple electric
cars at once.

A
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Drones

Drones could be equipped with thermal camera’s to fly
around and look for fire sources or identify which car or
which container is on fire on board a vessel.

34



Possible future developments

Fire Fighting Snakes

Fire Fighting snakes could be a solution for fighting fires in difficult accessible spaces. Currently there are two
prototypes which serve as a proof of concept, however this technology is still far from usable in the field.

= \Waterjets = Hydraulic
Snake moves by controllable waterjets Snake moves by hydraulic actuator

A
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Lithium-lon battery fires continue to be a challenge in firefighting

Large amounts of extinguishing agent make vessels unstable

Foam and water mist instead of water could be a possible solution

Still a challenge to distribute the foam and water mist to the right location
Key: immediate action vessel’'s crew + early engagement of fifi experts

38
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