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Lithium-ion batteries are part of our everyday lives…
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Lithium-ion
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Why do Lithium-ion batteries pose a fire risk

Main reasons for the risk:

1. Improperly manufactured

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

designed correctly, causing a defect

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

involved in a collision or accident)

4. Over-charging/ over-discharging

5. Exposure to extreme temperatures/ high local temperature

6. 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 II IMO-Labels 9

Proper shipping name Lithium-Ion batteries, UN 3480

IMDG Code: Special provisions188, 230, 310, and packing instructions P903

EmS: F-A, S-I

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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Thermal Runaway – Process and Identification

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



On Board 
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Car Manufacturer
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Car Carriers fire fighting systems
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Using High Density Foam 
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Drencher / Deluge Systems
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Fire Blankets
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Difference in Approach & Opinions

Difficult to extinguish – the location of the batteries.

Larger quantities of water required.  Example – 100m3/100 000lt of 

water over 4 hours for EV, instead of approx 4m3/4000lt over 30 minutes 

for a combustion engine car.
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Car Carriers

Stability of car carriers can be problematic for 

firefighting operations

• 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 

of firefighting water)
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Car Carriers

Sailing condition

Normal load condition with vehicles on board. The 

initial stability is already relatively low. 

Firefighting condition 

 Lower deck with some FiFi water on it. Only a small 

quantity of FiFi water results in stability loss due to 

the free surface moment correction. 
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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…
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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…



24

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 
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Extreme Heat
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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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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.

.
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Lithium-ion batteries – fire fighting agents
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Lithium-ion batteries – fire fighting agents
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Apply over voltage to one cell

1. Directly applied CAFS dry-

foam the process stopped

Over Voltage and current 

remains supplied to the cell.

2. After 2 minutes smoke starts.

3. After 4 minutes large flames

4. Directly applied CAFS dry-

foam stopped the flame burst in 5 

seconds. 

5. Cooldown from 950 to 25 

Celsius in 15 sec

<150 sec>
Timespan 

Direct Foam Injection
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Design of the Fifi systems onboard 
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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 

indoor lithium fires. 

Benefits

• No onsite personnel

• Can use suffocating 

extinguish agent

• Thermo-visual camera

• Precise constant aim

Downsides

• Accessibility

• Risk of getting stuck

• Very situational

• (Elec Cars) Doesn’t 

reach battery pack
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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.

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.
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Possible future developments

▪ Waterjets

Snake moves by controllable waterjets 
▪ Hydraulic

Snake moves by hydraulic actuator 

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.



Recent Cases 
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Summary

• Lithium-Ion 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


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Fire Blankets
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Car Stowage 
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Possible future developments
	Slide 35: Possible future developments
	Slide 36
	Slide 37
	Slide 38: Summary

