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1. Why is this topic of interest to Seafarers and Port Officials



Lithium-Ion Batteries are part of our everyday lives, but…
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Data reveals extent of electric vehicle fires around the UK | CE Safety Blog

11.10.23

8.04.24

21.03.24

26.08.24

https://cesafety.co.uk/news/data-reveals-extent-of-electric-vehicle-fires-around-the-uk/


2. Gases produced during thermal runaway



Why do Li-ion Batteries Pose a Fire Risk?

Main reasons for the risk:

1. Improperly manufactured, poor quality materials

2. Battery management software faults

3. Battery Abuse:

• Mechanical damage dropped or in the case of vehicles, 

involved in a collision or accident

• Over-charging/ over-discharging

• Exposure to extreme temperatures/ high local temperature

4. Short circuit- external and internal short circuits

5. End of Life
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Reference: Appl. Sci. 2021, 11(3), 1247



Thermal Runaway • Self-sustaining reaction-  can be very difficult to stop 

once it has started.

• Rapid- the battery cell temperature can rise incredibly 

fast (milliseconds). The energy stored in that battery is 

released very suddenly.

• Hot- creates extremely high temperatures (upwards of  

1,000 °C).

• Fire- this can be so hot that it is almost impossible to 

extinguish.

• Vapours- toxic and hazardous gases can be released 

from the battery, these can be explosive.

8



Thermal Runaway – Be Warned – IT IS NOT SMOKE!
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In thermal runaway and prior to ignition, lithium-ion Batteries vent a white vapour which consists of:

• hydrogen (ca. 25 – 50%)
• carbon monoxide
• hydrogen fluoride
• hydrogen chloride
• hydrogen cyanide
• small droplets of the organic solvents
• ethane, methane and other hydrocarbons
• sulphur dioxide and nitrogen oxides
• carbon dioxide

i.e. a VAPOUR CLOUD

The cloud can produce upto 6,000 litres of Vapour from a 1kWh battery (or 600,000 litres from 100kWh).
NOTE: Current 2022 Car Models have between 21kWh (e.g. Fiat 500e) to 108kWh (e.g. Mercedes EQS 450+)

Data courtesy of Newcastle University – Professor Paul Christensen

Useable battery capacity of full electric vehicles cheatsheet - EV Database (ev-database.org)

https://ev-database.org/cheatsheet/useable-battery-capacity-electric-car


3. Examples of Thermal Runaway



First example of 
Thermal 
Runaway 
-
In the Lounge at 
Home (with dog 
and Daughter
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Seven seconds from 
Battery Failure until Room 
is filled with Toxic Vapours

Electric Scooter Explodes during Charging - YouTube

https://www.youtube.com/watch?v=WOwhah8AifU


Thermal Runaway in action… Note the different gas layers.
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27secs



4. Examples of Vapour Cloud Explosion



Hybrid Jeep Explosion (11/04/2023)
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5 secs

Mountain View Hybrid Jeep Explosion April 23 - Bing video

https://www.bing.com/videos/search?q=hybrid+jeep+explosion&&view=detail&mid=3F6C5A2F28C943FA72CC3F6C5A2F28C943FA72CC&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dhybrid%2520jeep%2520explosion%26qs%3Dn%26form%3DQBVDMH%26%3D%2525eManage%2520Your%2520Search%2520History%2525E%26sp%3D-1%26ghc%3D1%26lq%3D0%26pq%3Dhybrid%2520jeep%2520explosion%26sc%3D0-21%26sk%3D%26cvid%3D2C49D8F4997D49DE8CFCA0756B331843%26ghsh%3D0%26ghacc%3D0%26ghpl%3D


5. Lessons Learned from a Recent Case

ADDITIONAL CONSIDERATIONS FOR ALL



Potential additional challenges to consider when Electric Vehicles are involved

2023 – PCTC Fire

Explosion within Upper Deck
Deck Set up 2.5m over 100m

Likely Vapour Cloud Explosion

Access to Lifeboats restricted

Access to Lower Decks restricted

Fire Main Compromised



Potential additional challenges to consider when Electric Vehicles are involved



2023 – PCTC Fire

Evidence of an explosion within the Upper Deck

Deck Set up 2.5m over 100m of length

Full canopy deck displaced preventing access to 
Lifeboats

Fire main displaced removing ability to boundary cool 
or add foam.

Potential additional challenges to consider when Electric Vehicles are involved
Foam Suppression System deployed. Could this have resulted in gases passing through foam without 
igniting such that a gas cloud form in the upper deck in significant quantities. 
Some estimates for damage of this nature circa 1million litres of gas would have been required to cause 
this damage. Hydrogen has an overpressure of 0.1bar on ignition.  Food for thought again…



Potential additional challenges to consider when Electric Vehicles are involved

Movement of vehicles, Toxicity of dust and other matter

Structural damage to internal and external items resulting in displacement and failure of decks.



Potential additional challenges to consider when Electric Vehicles are involved

Molten Aluminium also flows

Stalagmites from vehicles found on 
decks below 

Transfer of heat downwards

Possible blocking of scuppers

Minion Land – Aluminium melting point is 
660ºC

At what temperature does it need to reach to 
flow over many metres?

Some of these stalagmites were 2m high and 
0.5m round.



Potential additional challenges regarding fires involving Electric Vehicles on Ships
Food for thought and post incident considerations: 

If an EV is only partially burned, is there any residual risk for further fire or 
toxic gases being generated?

What Toxins are likely to be on every surface within the space?

What is the breathable atmosphere likely to contain?

On the recent case, the Fire Water was tested and found to have:

Various Heavy Metals
Various Toxins
Ph level of 4.7



Potential additional challenges regarding fires involving Electric Vehicles on Ships
FOOD FOR THOUGHT

Full electric vehicle

Battery involved in fire but based on 
evidence has not gone into thermal 
runaway with fire.

Battery was dragged along deck but 
didn’t have a problem.

Reported that a battery subject to 
high temperatures will start to dry 
out and can vent gases without 
Thermal Runaway…

If correct, how much gas?

Thereafter, if suppressant system is 
working, and no flames present, 
what happens to the gases being 
generated… 

Again, Tests are suggesting upto 
6,000ltrs per 1KwH Battery of which 
30-50% is hydrogen…



Potential additional challenges regarding fires involving Electric Vehicles on Ships
FOOD FOR THOUGHT:

Fire blankets for protection.

Challenging to actually install in first 
place.

Can you get them to deck level?

This example shows four fire-fighters 
trying to install prior to moving adjacent 
unit and couldn’t fit.



Potential additional challenges regarding fires involving Electric Vehicles on Ships

FOOD FOR THOUGHT

Full electric vehicle submerged in fire water.

Battery fire occurred while bringing up internal ramp (in reverse as advised).

Salvage team on scene and handled immediately.

Landed in skip following fire-fighting on board.

Fire/venting of gases resumed after 10 mins and container was flooded to 
extinguish.  Left for 48 hours, but recommendation was minimum 6 days.

One manufacturer raised concerns about using seawater for fire-fighting….



Potential additional challenges regarding fires involving Electric Vehicles on Ships

FIRE WATER ANALYSIS SWAB SURFACE ANALYSIS



6. Looking to the Future – We need to change legislation



Market Developments and Considerations
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Using Technology to Try and Map Speed of Development of Vapour Cloud
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BB, SMIT Salvage and REACT ERT are working on trying to replicate the fire development and spread using FEA modelling.  This is an ongoing process but 
starting from findings obtained during recent incidents. This is to show the anticipated gas cloud production based on industry guidance of 6,000ltrs per 
1KwH and potential speed of development of the cloud around the vehicles in stow before any flames are introduced.

0.00 Secs 30.00 Secs



Potential additional PPE Equipment to perhaps be installed and supplied to vessels



7. The world we now live in…



And education of the public as well as seafarers to the potential hazards is essential
Standard extension lead led across floor of carpark in basement 
of office building – THE BB OFFICE BUILDING in LIVERPOOL…

Potential for short circuit or damage to cable leading to 
problems with vehicle battery is fully evident.

Unclear if there was a problem if the carpark fire installation (if 
any) would activate and prevent spread to building above.



brookesbell.com

THANK YOU FOR YOUR TIME
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