
Lithium-ion batteries, and such like

Off we go!

28/01/2026 © IOSH FRMG 1



Programme

- A description of the R&D 
undertaken by the FRMG / C of 
IOSH over the past 7 years

- Why?  Li-ion batteries present Fatal 
Risks in occupational and public 
safety and health

- Purpose?  To inform, educate and 
‘entertain’ (Gosh!!  I never knew that 
moments …) for members and like-
minded professionals and

- To advocate for safety and better 
understanding of good fire risk 
management

- And I’ve made this a CPD moment!
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Development 
timeline

- 1970:  Stanley Whittingham.  Initial research

- 1980:  John Goodenough.  Cathode discovery

- 1985:  Akira Yoshino.  Commercial battery

- 1982:  Sony development

- Compare with:  Jack Kilby

- 1958:  Invented the Integrated

 circuit for TI, Co-invented the 

 electronic calculator

 Nobel Prize for Physics, 2000, 

 aged 77
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Presenter Notes
Presentation Notes
A basic timeline of the development of lithium-ion batteries, involving an Englishman, a German-American and a Japanese.



John Bannister 
Goodenough

• Nobel Prize in Chemistry 2019, aged 
97

• Royal Society, Copley Medal, 2019

• b. 25 July 1922, Jena, Germany

• d. 25 June 2023, Austin, TX, USA, aged 
100

• Prof. Mechanical, Materials Science 
and Electrical Engineering at the  
University of Texas, Austin, USA

• Prize motivation: “For his crucial role 
in development of lithium-ion 
batteries”
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Presenter Notes
Presentation Notes
Lithium was discovered by Swedish chemist Johan August Arfwedson in 1817.  Uses include greases, tyres, glass and aluminium production and pharmaceuticals.

John Goodenough was born to American parents in Jena, Germany. After studying mathematics at Yale University, he served during the Second World War as a meteorologist in the US Army. He then studied at the University of Chicago, receiving a doctorate in physics in 1952. He subsequently worked at the Massachusetts Institute of Technology (MIT) and Oxford University.  Since 1986 he has been a professor at the University of Texas at Austin.

Storing electrical energy in batteries is a key factor in solving the world's energy supply.  The element lithium is useful in batteries since it willingly releases electrons, and moving electrons between atoms is the thing that generates an electrical current.  

In 1980 John Goodenough developed a lithium battery with a cathode of cobalt oxide, which, at a molecular level, has spaces that can house lithium ions. This cathode gave a higher voltage than earlier batteries.  Goodenough's contributions were crucial for the development of lithium-ion batteries, which are used in for example mobile phones and electric cars.  For his work, John took the Nobel Prize in Chemistry at the age of 96!




Early interactions with Li batteries
MBT waste management:  new 

environmental management 
technology
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Signs of imminent or immediate failure
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Swollen keyboard Charred laptopSwollen battery case
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A notorious case:  The Samsung Galaxy 
Note 7:  January 2017 press conference
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Presenter Notes
Presentation Notes
This was a notorious case of ‘downbeat’ consumer confidence after fire broke out in the Samsung Galaxy Note 7 mobile phone.  Samsung blamed faulty batteries for the fires that led to the 2016 humiliating recall of its new Galaxy Note 7 mobile phone.

The batteries had been suspected as the cause and Samsung said that this had been confirmed by internal and independent investigations.  Around 700 researchers and engineers worked on the investigation, testing more than 200,000 devices and more than 30,000 batteries.   The company apologised to customers and promised it had "taken several corrective actions to ensure this never happens again".

The company recalled 2.5 million pieces.  The original batteries were supplied by an internal Samsung company.  Replacements were sourced from a China based company.  But after some of these devices caught fire as well later Samsung totally removed the Note 7 from the market.

The saga severely damaged the company's reputation and cost it billions of pounds in lost profits.
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Presenter Notes
Presentation Notes
These are basic observations, and be very careful.  If it swells, its time to replace it.  Case distortion in a charging unit can be signs of a short circuit in the charging technology. Case distortion in a battery pack can be signs of a short circuit or thermal runaway.

Cracked and damaged casings.
Damaged cables.
Damaged connectors.
Very hot to the touch.
Taking an inordinately long time to charge the battery.
Fault or error lights flashing.

Power output is diminished, and the voltage is low.
Battery life is shortened.
The battery overheats and the self-discharge rate is high.
The case may be cracked or swollen and distorted.


Key issues comprise:

Lithium-ion batteries are the most common battery type in modern electric vehicles, because of its lightweight, longer battery run time in relation to the battery size, and because of its rechargeability.

Lithium-ion batteries can power anything from cell phones and laptops to HEVs and EVs.

6 Types of Lithium-ion batteries:

Lithium cobalt oxide (LiCoO2).
Lithium manganese oxide (LMO).
Lithium nickel manganese cobalt (NMC).
Lithium-iron-phosphate (LFP).
Lithium nickel cobalt aluminium oxide (NCA).
Lithium titanate (LTO).


The FRMG has written extensively on operational aspects and fire safety issues in relation to lithium containing batteries and has published some material which can be made available on the FRMG portal for members.


Class D fire extinguishers:  Dry powder, NaCl, graphite and dry powder, NaCO3

Class D fires involve combustible metals such as magnesium, aluminum, potassium, and sodium. These metals burn at high temperatures and react violently with water, making them particularly dangerous in industrial and laboratory settings.
To tackle a Class D fire, a specialist powder extinguisher is required. These extinguishers contain a dry powder that absorbs the heat and smothers the fire by creating a barrier between the metal and oxygen.
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MV Felicity Ace 2022

Presenter Notes
Presentation Notes
FELICITY ACE  16 February 2022
Burning ship carrying Porsches adrift near Azores without crew
None of 22 crew members hurt after vessel with almost 4,000 VW group cars onboard caught fire
A burning ship carrying almost 4,000 cars – including 1,100 Porsches – has been drifting in the mid-Atlantic after the vessel’s 22 crew members were evacuated, the Portuguese navy has said.
The ship Felicity Ace, which was carrying a number of Volkswagen Group vehicles from Germany to the US, caught fire near the Azores on Wednesday evening, a VW spokesperson said on Friday.
None of the crew members evacuated on Wednesday were hurt, Portugal’s navy said.
About 1,100 cars were on board, according to a Porsche spokesperson. Audi said some of its vehicles were also on the specialised car-transport vessel but did not state how many.
An internal email from Volkswagen US said the ship was carrying 3,965 vehicles of the VW, Porsche, Audi and Lamborghini brands, the German newspaper Handelsblatt reported.
An automotive enthusiast website, The Drive, reported the ship was carrying 189 Bentleys. The luxury British carmaker is owned by Volkswagen.
Volkswagen did not confirm the number of cars and said it was awaiting further information.
A picture shared by the Portuguese maritime authority on its website on Wednesday showed clouds of smoke billowing from the ship.
Felicity Ace was travelling from Emden,where Volkswagen has a factory, to Davisville, Rhode Island, according to the website Marine Traffic.
The fire is active but under control, the captain of the port of Horta on the Azorean island of Faial told the Portuguese news agency Lusa on Thursday night.
Azorean authorities were not immediately available for comment.
 
 
An abandoned ship carrying an estimated $401m (£295m) worth of cars, including Porsche, Audi, Bentley and Lamborghini models, has sunk nearly two weeks after a fire broke out onboard.
The Felicity Ace sank on Tuesday about 400 kilometers (250 miles) off Portugal’s Azores Islands as it was being towed, MOL Ship Management in Singapore said in a statement. A salvage team had put out the fire which had burned for days, fueled by lithium-ion batteries in electric vehicles onboard.
The 200-meter-long (650ft) vessel listed to starboard before going under, the ship’s manager said.
The Portuguese navy confirmed the sinking, saying it occurred outside Portuguese waters. A Portuguese air force helicopter evacuated the 22 crew members when the fire first broke out, setting the ship adrift.
Ocean-going tugboats with firefighting equipment had been hosing down the ship’s hull to cool it.
It wasn’t clear how many cars were onboard the ship, but vessels of the Felicity Ace’s size can carry at least 4,000 vehicles.

European carmakers declined to discuss how many vehicles and what models were onboard, but Porsche customers in the United States were being contacted by their dealers, the company said.
Insurance experts at Russell Group said they estimated that $438m of goods were on the ship, including an estimated $401m of cars and goods vehicles.
“We are already working to replace every car affected by this incident and the first new cars will be built soon,” Angus Fitton, vice-president of PR at Porsche Cars North America, told the Associated Press in an email.
The ship was transporting electric and non-electric vehicles, according to Portuguese authorities. Suspicion on what started the fire on 16 February has fallen on lithium batteries used in electric vehicles, though authorities say they have no firm evidence about the cause.
Authorities feared the ship could pollute the ocean. The ship was carrying 2,000 metric tons (2,200 tons) of fuel and 2,000 metric tons (2,200 tons) of oil. It can carry more than 17,000 metric tons (18,700 tons) of cargo.
The Portuguese navy said in a statement that only a few pieces of wreckage and a small patch of oil was visible where the ship went down. The tugboats were breaking up the patch with hoses, it said.
A Portuguese air force plane and a Portuguese navy vessel are to remain at the scene on the lookout for signs of pollution.





Freemantle Highway 2023
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Presenter Notes
Presentation Notes
FREEMANTLE HIGHWAY 25 July 2023
A blaze on a cargo ship carrying nearly 3,000 Mercedes Benz and other vehicles off the Dutch coast has killed one person and injured several others, with coastguards warning that the fire could last for several days.
The fire began on the night of 25 July 2023 on the 199-metre Panama-registered Fremantle Highway, which was en route from Germany to Egypt. Several crew members were forced to jump overboard.
The ship’s owner said an electric car in the cargo was suspected as a possible cause for the blaze.
In a statement, Shoei Kisen Kaisha Ltd said: “We are now trying to extinguish the fire in cooperation with the local authorities of [the] Netherlands, the salvor and the ship management company.”
The company told the NOS public broadcaster there was “a good chance that the fire started with electric cars”, of which about 25 were on board. “But we are not entirely sure of the cause, we are waiting for the investigation,” it said.
Rescue ships were spraying water on to the burning vessel to cool it down, but using too much water risked its sinking, the Dutch coastguard said. A salvage vessel was hooked on to stop the ship from drifting.
“The fire could still burn for days,” a coastguard official, who spoke on condition of anonymity, told AFP. “The ship is being cooled to keep it stable. Only the side of the ship is being sprayed, not the deck.”
The coastguard said the Fremantle Highway, which had left from the port of Bremerhaven, had been towed out of shipping lanes and could sink. It is now close to Ameland, one of four ecologically sensitive Frisian islands, situated in the Waddenzee area just north of the Dutch mainland.
The area has been declared a Unesco world heritage site and has a rich diversity of more than 10,000 aquatic and terrestrial species. This includes more than 140 species of fish, of which about 20 spend their entire life in the tidal areas along the islands’ famous mud flats.
Should the Fremantle Highway sink, “it would be a disaster of the highest order”, the daily tabloid De Telegraaf said.
Willard Molenaar, of the Royal Dutch Rescue Company (KNRM), who was among the first at the scene, said the fire had spread so quickly that seven crew members had jumped overboard.
Molenaar told NOS some people were injured making the long jump into the water, while one crew member had died in the flames. “There was lot of smoke and the fire spread quickly, much faster than expected,” he said. “The people on board had to get off quickly … We fished them out of the water.”
A helicopter airlifted the remaining people from the 23-strong crew off the burning ship. The injured crew were being treated for breathing problems, burns, and broken bones, local Dutch authorities said.
Edwin Granneman, a coastguard spokesperson, said salvage experts were trying to work out next steps for the burning boat.
The fire was the latest of several in recent times on car carriers. Earlier this month, two New Jersey firefighters were killed and five injured battling a blaze on a cargo ship carrying hundreds of vehicles, while another fire destroyed thousands of luxury cars on a ship off the coast of Portugal’s Azores islands in February last year.
 




MY Kanga, MY Siempe:  electric 
surfboards
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Presenter Notes
Presentation Notes
Superyacht fires caused by Lithium batteries:  And have you watched ‘Below Deck’?

Note that in the following slides these incidents have occurred in Li batteries in ‘toys’ as opposed to power or motive systems.  The advantage of light weight from Li batteries does not weigh on the mind so much in a superyacht, compared with the mass of deep cycle Lead-Acid batteries.

On 7 September 2018 a fire occurred in the ‘garage’ of the superyacht My Kanga, at that time at anchor in the coastal area of Croatia.  The fire quickly developed to the upper decks resulting in an uncontrollable situation.  It took less than 25 minutes for the fire to spread to the sun deck, accompanied by explosions.  Orders were given to abandon the ship.  The safety investigation that was published in 2019 concluded that the fire in all probability was caused by the lithium batteries of an electric surfboard.  The crew was not aware of the fact how dangerous lithium batteries can be.  

According to this article published by SuperYachtNews.com, 55 superyacht fires have been reported since 2000.  This represents 1% of the total deliveries.  Considering the private nature of this market, this number could actually  be significantly higher.

Superyacht fires caused by Lithium batteries

On the 6th of September 2021, SuperyachtNews reported that the 35m motor yacht Siempre had sustained significant damage after catching fire in the Port of Olbia, Italy. No loss of life was reported, with the 4 crew members reported safe and in good health, however, the vessel was marked down as a constructive total loss. The Malta Marine Safety Investigation Unit (MSIU) said it had been unable to pinpoint the exact cause of the fire, but evidence suggested it most likely began in the Li-ion battery of an electric hydrofoil surfboard. 

Lithium-ion batteries have been in the headlines for all the wrong reasons this season and this timely report highlights the potential dangers they cause to superyacht crew and owners.
The fire onboard the UK-managed superyacht was not being chartered at the time of the fire.  The fire began during the night while the crew were asleep, luckily the British and Spanish crew members were woken up by the fire alarm, and after a failed attempt to extinguish the yacht, they eventually jumped overboard.  They were then rescued by a tender from a neighbouring yacht in the marina.

Shore-based firefighters then continued to battle the fire, using water and foam. Even after the night of the 6th of September, several further interventions over the following two days were required when flames and smoke emerged from parts of the vessel that were above the water level.





Li-ion batteries and cargo aircraft

• Swissair Flight 111

• UPS Airlines Flight 6

• Fed Express Flight 1406

• FedEx Express Flight 1406 - Wikipedia.
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E-bikes & E-scooters

• Faulty third-party e-bike batteries, and 

batteries bought for ‘modified’ e-bikes (to 

gain enhanced performance) are blamed in 

recent fires

• Firefighters ask residents to only use 

trusted batteries and be careful to charge 

and store them correctly

• ‘Overcharged’ batteries are a huge problem

• BE  VERY CONSCIOUS OF DROPPED 

BATTERIES and cracked cases
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In normal operations … E-scooters

Check before you ride

1. Tyres

2. Brakes

3. Battery

4. Throttle

5. Damage
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• Follow the safety and rider guidance 
from the provider

• Follow the rules of the road

• Use protective equipment

• Check road conditions

• Always ride solo

• Never ride under the influence

• Luggage

• Mobile phones

• Take a test ride

• Leave the rental e-scooter in a 
designated parking bay

Presenter Notes
Presentation Notes
TFL Advice

Follow the safety and rider guidance from the provider - when hiring your e-scooter the operator will provide you with safety guidance and instructions
Follow the rules of the road - e-scooters need to follow the rules of the road such as stopping at red lights, not riding on pavements and being considerate of all other road users including pedestrians
Use protective equipment - wear a helmet and other safety equipment including light-coloured or fluorescent clothing in daylight, poor light and in the dark
Check road conditions - be careful if the roads are wet or icy. Keep an eye out for potholes, slippery drain covers, animals, children, bicycles and pedestrians or drivers. These could all lead to collisions with other road users
Always ride solo - e-scooters are not built for two people, so no additional passengers are permitted by law
Never ride under the influence - don't use a rental e-scooter if you're under the influence of alcohol or drugs, or have medical restrictions or exceptions. This puts you and others at risk of death or injury
Luggage - don't carry more than you need to. Hanging a bag off the handlebars or on one shoulder can throw you off balance which can increase the risk of injuries
Mobile phones - pull over when safe if you need to check your phone for directions to a destination. The usual rules for motorists about mobile phone use applies to rental e-scooters
Take a test ride - take it slow when getting to grips with a rental e-scooter. The acceleration can be unexpected. Learning to turn and brake at different speeds and on different surfaces will help you become a better rider
Leave the rental e-scooter in a designated parking bay - leave the e-scooter standing up in one of the designated parking bays and out of the way of other road users at the end of a ride

Check before you ride
Double check all aspects of your rental e-scooter are working before starting your journey. Here's a list of some of the things you should check before riding:
Tyres - check that air-filled tyres are inflated correctly. For all tyre types, check there's no visible damage or wear and they have enough tread depth
Brakes  - check that brakes are working properly
Battery  - check that there is enough battery for you to complete your whole journey
Throttle - test your throttle out in a safe space. The throttle should be smooth with no sticking
Damage - check for no obvious damage or cracks in the frame or cablin





Sackville Close, 
Cambridge

• 0108 Friday, 30 June 2023

• The mother died at the scene 
and two children(4 and 8) 
died later in hospital

• The partner was later 
recovering in hospital
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Presenter Notes
Presentation Notes
On Friday (30) at 1.08am, emergency services were called to reports of a flat fire on Sackville Close, King’s Hedges ward, Cambridge. Police, ambulance and air ambulance partners also responded.
More than 30 firefighters, including crews from Cambridge, Cottenham, Cambourne, Linton, Burwell and Huntingdon, attended the incident.
Crews arrived to find smoke issuing from the ground and first floor of a two-storey maisonette. Crews worked hard to extinguish the fire and prevent it from spreading to neighbouring properties.
A man in his 30s managed to escape the flat before crews arrived, however he suffered serious injuries and was taken to hospital where he remains in a critical condition.
Two children, a boy and a girl, were rescued by firefighters. They received treatment at the scene by firefighters and paramedics but tragically both later died in hospital.
Sadly, a woman in her 30s also died at the scene.
Area Commander Stuart Smith said: "This is a devastating and deeply upsetting incident that will touch many people. Our thoughts are with the relatives, friends and neighbours of the family. It’s just heartbreaking.
“We know this will have a huge impact on the local community and our fire safety team was in the area visiting residents yesterday to provide fire safety information and reassurance and will be returning next week.
“A fire like this is one of the toughest incidents you can attend as a firefighter and we’re looking after the welfare of all those who responded to or supported this incident.”
An investigation to establish the cause of the fire started yesterday and will continue over the weekend.
Update - July 2, 4pm
Cambridgeshire Constabulary has released further details about the victims involved in this incident. This can be found on their website:
https://www.cambs.police.uk/news/cambridgeshire/news/2023/june/victims-of-cambridge-fire-named/
Update - July 3, 2.30pm
The fire investigation has concluded the most probable cause of the fire was accidental. 
More info is available here: https://www.cambsfire.gov.uk/news-and-incidents/news/2023-07-03-fire-investigation-concludes-and-most-probable-cause-identified
 




Josh Pearson (28) & Danielle Bamber (24)

-Peter Street, Blackpool

- ‘Early hours’ of 17 July 2024

-HM Coroner recorded CO 
poisoning after “inhaling 
fatal fumes”

-"The fire most likely started 
due to an electrical fault on 
the batteries of electric 
bikes“

Images © BBC News / Lancashire Police

Presenter Notes
Presentation Notes
E-bike battery fire caused Blackpool couple's deaths – coroner

Blackpool fire which killed parents not suspicious – police

Inquest concludes the pair died after an e-bike battery exploded in the living room.

Mr Pearson had been storing e-bikes in the house to buy and sell and had sought advice on modifying batteries.
Their two sons, aged six and one, were saved from the fire: the eldest by a heroic neighbour who smashed through their front door and the youngest by firefighters who entered the upstairs bedroom.

A 21-month-old boy remains in hospital in a "poorly condition", while a six-year-old boy was treated for minor injuries, Lancashire Police said.

Both children were taken to hospital for treatment. Ms Bamber, however, died at the scene, while Mr Pearson was pronounced dead at the Lancashire town's Victoria Hospital.

A joint police and fire investigation was launched in the aftermath of the tragedy after neighbours reported hearing a 'big bang' and screaming at around 2.30am.  At an inquest called today to hear evidence into the incident, coroner for Blackpool and Fylde Alan Wilson concluded the fire had been a tragic accident caused when the battery exploded in the living room of the dwelling.  CCTV footage from outside the home showed flashing lights and crackles, following minutes later by two more bangs.

Fire crews, who arrived in minutes, discovered Danielle had already died from smoke inhalation. Joshua was found unconscious but was later pronounced dead.







Look what Li-ion cells are used for now!
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Presenter Notes
Presentation Notes
A selection of bits and pieces that lithium-ion batteries are used for these days.  Laptops and computers, tablets and watches have been on the list for some time.  Recent uses have been watches, radios and torches etc and small wearable items such as the tiny FitBit.



D4FS:  
Designing for 
fire safety
• Using OEM chargers and 

batteries and equipment 

that is designed with Poke-

yoke in mind

• Note that only the right 

battery will fit in the correct 

charger!
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Presenter Notes
Presentation Notes
Poke-yoke is a Japanese term that means ‘mistake-proofing’ or ‘error prevention’, aka making something idiot proof.



From small wearable technology 
(Fitbit and Whoop) to power walls 
and battery storage
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Presenter Notes
Presentation Notes
The success for future wearable technology batteries is in increasing the energy density, making the cells ‘flexible and stretchable’ and non-flammable and non-explosive!!  Also miniaturisation and light weight and the holy grail of longer battery life.

The next stage in the development in wearable technology is ‘woven’ fabric Li-ion tech batteries, including weavable silver fabrics, with also possibly anti-bacterial properties, with positive benefits in healthcare and combatting HAI etc.



Classification, labelling 
and packaging
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UN hazard 
classifications
for packaging 
for road and 

rail transport

• Classes:

• Explosives

• Gases

• Flammable liquids.

• Flammable solids

• Oxidisers, incl. organic 
peroxides

• Toxics

• Radioactive

• Corrosive

• Miscellaneous
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Presenter Notes
Presentation Notes
UN Classification scheme for hazards in use for materials being transported by road and rail etc.



Transport of Lithium-ion batteries

- A new Class 9 hazard label for all types of 

Lithium batteries, and a new Lithium battery 

handling mark for packages containing any 

type of Lithium battery came into force on 1 

January 2017 for all transport modes

- The former hazard label and handling mark 

continued to be used until 31 December 2018 

- Batteries MUST be transported ONLY in their 

approved packaging AND by approved 

methods

- NB:  In the UK it is illegal to send Lithium / Li-

ion batteries in the post by Royal Mail!!!
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What packaging for transport looks like
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The chemistry of Lithium-ion 

batteries and their behaviour 

in fires
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Presenter Notes
Presentation Notes
The Unique Properties of Li-Ion Battery Fires.

Unlike traditional fires fueled by burning materials such as wood or gasoline, Li-ion fires are triggered by a chain reaction known as thermal runaway. Once ignited, the battery ejects a range of flammable and toxic gases, which can spread and cause explosions. Li-ion battery fires are:

Self-sustaining: They can burn in environments with low oxygen supply, because they generate their own oxygen while burning.

Toxic: The burning battery releases toxic fumes, such as hydrogen fluoride, that can irritate the respiratory system and even be fatal if inhaled at high concentrations.

High temperature: The intense heat generated can melt surrounding materials, cause property damage, and pose challenges during escape or extinguishing.

Reactive with water: Water can't extinguish these fire — water mixes with the burning lithium metal inside the battery, generating flammable hydrogen gas and intensifying the fire. Further, salt water can react with Li-ion batteries to sustain a fire (Picon 2022).

Made of deep-seated flames: The heat source is in the battery's core, surrounded by other parts, making it difficult to penetrate and cool the burning components.

At risk of re-ignition: Even after the initial flames are extinguished, residual heat can cause the battery to reignite after a few days.




What are the operational factors?

- What are the hazards?

- If a battery cell creates more heat 

than it can effectively dissipate, it 

can lead to a rapid uncontrolled 

release of heat energy, known as 

‘thermal runaway’, that can result 

in a fire or explosion

- This typically develops through 
the following events:

1. Temperature increase

2. Venting/gassing-off of 
flammable/toxic electrolyte 
vapours

3. Flare

4. Steady burn

5. Flash fireball

6. Explosion
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Presenter Notes
Presentation Notes
Using Lithium-ion batteries safely

• Only use batteries purchased from a reputable manufacturer or supplier.
• Do not leave/store batteries in contact with conductive materials.
• Always inspect batteries for any signs of damage before use and never use damaged or defective batteries.
• Only charge batteries with a suitable OEM (original equipment manufacturer) or compatible charger designed to safely charge the specific battery cells or battery packs in use.
• Do not leave batteries charging in unoccupied locations and disconnect/remove batteries from chargers after charging is complete. Remember e-bikes & e-Scooters must only be charged in designated fire safe areas
• Handle batteries in well-ventilated areas and only use and store batteries in dry and reasonably cool locations, i.e. avoiding excessive humidity and heat. Avoid placing batteries in direct sunlight.
• Keep battery handling areas free from flammable or combustible materials, and free from sharp objects that may puncture battery cells.
• When not in use, lithium-ion batteries should ideally be kept in a bespoke enclosure such as a proprietary metal battery storage cabinet or fireproof safety bag.




Fire triangle and tetrahedrons
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Dust explosion pentagon
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A circle or a spiral?

Electrical 

load

Heat

No natural 

ventilation

Thermal 

load

More heat

No forced 

cooling

• A Li-ion battery fire involving a high 
voltage battery is not actually a fire.  
It  is the overheating of one cell 
causing overheating of adjacent 
cells, without the benefit of 
ventilation or forced cooling

• A significant risk associated with 
thermal runaway is the chemical 
exchange within battery cells 
generates significant heat with toxic 
and potentially explosive gases

Presenter Notes
Presentation Notes
Thermal runaway.  The circle or spiral that leads to battery failure can be summarised as:  

The normal circumstances are that the battery is under an electrical load and this generates heat.  This is a normal activity.  However, if the heat is not dissipated by natural ventilation the battery picks up an additional thermal load.  This generates more heat which needs forced ventilation now to start dissipating the heat.  This situation now generates an increased electrical load, which generates more heat, and so on …



Lithium-ion combustion
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Presenter Notes
Presentation Notes
Damage to the battery
Manufacturing defects
Overcharging
Over-discharging
Short circuiting
Water ingress
Incorrect use of charger
Poor quality battery – cell faults
Poor condition of battery – cell faults
Age of battery


The first signs are things getting hot, and not subsequently cooling down!  When the situation gets worse, the cells gas-off and start to break down.  Invariably this leads to swelling of the battery containment which may appear to split.  When this happens, failure is imminent.

In general, failures are caused by:  
Electrical overload, generating excessive heat.
Mechanical damage.
Thermal overload, from excessive heat and over-use / charging cycles OR
Ineffective cooling or ventilation while being charged.  






How does this fire develop?

• Temperature timelines:
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>40°C
iPhones 

shut down

>60°C
Composition 

/ Solvent 
degrades

>80°C
Chemical 

decomposition

>100°C
Uncontrolled 

runaway

>800°C
Mass 

explosion 
outcome 

0 sec < 10 sec to VCE

Presenter Notes
Presentation Notes

Note that the electrolyte between the anode and cathode in the battery is an organic solvent which is highly flammable.  Solvents are vulnerable above 60°C.  Cells start to chemically decompose at around 80°C and an uncontrolled chain reaction can start around 100°C.  The chain reaction then elevates the temperature to around 800°C and as the hot gases break the battery cell the battery burns explosively.    Hazardous vapours emitted will comprise carbon monoxide, and carbon dioxide, as well as hydrogen fluoride and phosphoric acid.

Note the temperature gradients:  40 deg C, iPhone cuts out.  60°C solvents are vulnerable.  80°C chemical decomposition starts.  100°C start of an uncontrolled chemical reaction / thermal runaway.  800°C:  mass explosion risk.  UN Hazard Classification 1.2.



From 
The Daily 
Telegraph
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Presenter Notes
Presentation Notes
Here is an E-scooter on a landing in what looks like a laundry or utility room in a house or flat.  We will play the clip at least twice.  There are two clips:  the same scene but shot from different angles.  The white ‘smoke’ seen is thought by some to be steam or smoke from a fire.  It is actually products of decomposition and is highly toxic, including acidic vapours and HF.

Try and count how many seconds this fire lasts.



Consequences
Life safety & health  Occupational  Public safety

Property protection  Environmental Public health

Business continuity  Human factors Mass fire risk /

       Catastrophic loss 



Back to the books …



And even some new ones …



Safety consequence and severity:  
Thermal energy?

• Types of fires relevant to Li-ion battery 

fires

• Flare and jet fires, ejected particle fires;

• Fireballs, engulfing fires

• Look at fireball diameters …

• Thermal radiation intensity limit 

≤1.0kW.m-2.  (Fully clothed, HSE data)

• Pain threshold >1.0 - 1.5kW.m-2

• (Atallah & Allan, 1971:  Lees Vol 2 16/249)

• Solid propellant Tmax 2500K.  (Frank Lees, 

Loss Prevention in the Process 

Industries). (Vol 2 16/196)

Fireball 

diameter 

(m)

2 tonnes (E-

bus)

1 tonne 

(BEV)

550kg Tesla 

battery

Liquid 

propellants

D=3.77M0.349 53.5m 42.0m 34.1m

Bi-

propellants

D=3.86M0.32 43.9m 35.2m 29.0m

High 

explosives

D=3.30M0.34 44.0m 34.7m 28.4m

TNT D=2.95M0.32 33.5m 26.9m 22.2m

Public exclusion zone of  87m to 132m minimum. 

Why?  Safety distance of >3 x Fireball diameter.

(UK DOT 15m:  Most other agencies 30m)

Presenter Notes
Presentation Notes
What about thermal energy?  In any Lithium-ion battery fire the effects of the fire my take the form of an engulfing fire, with flare and impacting jet effects, fragments of burning material may for a pool effect fire beneath the vehicle and the fire may explode catastrophically with a burning fireball.

In a lithium-ion battery fire in a BEV it is suggested that a Safety Distance 3 times the expected fireball blast diameter is secured around the vehicle.  Essentially this will give a protection space of at least 100 metres.

At a range of battery mass values calculations from fundamental R&D work described in Frank Lees ‘Loss Prevention in the Process Industries, Volume 2, Second Edition, 1996’ gives suggested values for a fireball diameter, based on values for  propellants (United Nations Hazard Division HD 1.3) and mass explosives (UN HD 1.1). 

https://data.unsaferguard.org/iatg/en/IATG-01.50-Explosive-hazard-classification-system-IATG-V.3.pdf#:~:text=The%20term%20%E2%80%98hazard%20division%E2%80%99%20%28HD%29%20refers%20to%20the,the%20degree%20of%20hazard%20within%20a%20hazard%20division.


For wood combustion:  300-350°C.  Flame temperature:  1980°C.

Ethanol:  2082°C.  
Methane:  1963°C
Paraffin:  2093°C.
Petrol 2138°C.
Butane:  2231°C.
Acetylene:  2500°C.
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Presenter Notes
Presentation Notes
NOW, LET’S LOOK AT TOXIC EFFECTS:

Here is a simplified Fault Tree Analysis to represent a lithium-ion battery ‘fire’, known as a thermal runaway reaction.  It has a complementary Event Tree, from ETA or Event Tree Analysis which illustrates HOW the consequences will materialise.  But for now, we will focus on the pre-cursors in the Thermal Runaway reaction.

The two limbs of the FTA focus, on the right side, on the critical factor of lack of cooling of the battery.  This happens when there is inadequate natural ventilation, or a natural ability to conduct away heat.  We also have, in this area of the FTA a critical factor of lack of forced cooling of the battery, typically loss of liquid coolant coursing through an EV battery pack.

On the left side of the FTA we illustrate how we can arrive at the position of an exothermic reaction and breakdown of the cellular structure of the battery, where typically the electrolyte breakdown at around 100ºC and the battery ignites.  The key critical factors here are internal and external short circuits, component failures and quality and / or process issues in the manufacture of the cells.  One key critical factor here is the formation of lithium metal slivers or dendrites which form with anode plating and cause internal short circuits.  

The combination at an AND Gate of the Exothermic Reaction and the Inability to dissipate heat presents the conditions for a Thermal Runaway.

The consequences of thermal Runaway are:
An unrecoverable position.
Severe heat.
Volatiles vented from the battery pack.
Toxic gases.
Corrosive and toxic liquids.
Fatal risks to humans and animals.
Toxic conditions to the environment.



Where does the F come from?

• Lithium-ion batteries are the most 

common battery type in modern 

electric vehicles, because of its 

lightweight, longer battery run time 

in relation to the battery size, and 

because of its rechargeability

• The TYPES describe the Cathode 

material

6 type(s) of lithium-ion batteries:

1. Lithium cobalt oxide (LiCoO2)

2. Lithium manganese oxide (LMO)

3. Lithium nickel manganese cobalt (NMC)

4. Lithium-iron-phosphate (LiFEPO4) (LFP, 

lithium ferro phosphate)

5. Lithium nickel cobalt aluminium oxide 

(NCA) 

6. Lithium titanate (LTO)
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Presenter Notes
Presentation Notes
The F, fluorine atoms come from the ELECTROLYTE

Tesla used LCA, (lithium-cobalt-aluminium oxide batteries) in its Model 3 in 2020.

Lithium ferro-phosphate is in a near Chinese monopoly of production.  (BYD manufacturer, and Tesla customer).

Note that there are generally no safety data sheets for lithium batteries.  However, GHS symbols are used on containers and packaging.

Primary cells are NOT rechargeable, although I am sure that some people have tried to …  Secondary lithium cells are rechargeable. 

A battery pack contains multiples of secondary cells.




Where does the F come from?

• The ELECTROLYTE

• Defined as: a compound that in 

solution conducts an electric 

current AND is decomposed or dis-

associated by it

• The current is carried NOT by 

electrons, as it is in metals such as 

copper, but by ions:  e.g. lithium 

ions and fluorine ions

• Electrolytes MAY be acids 

(sulphuric acid in ‘lead-acid’ 

batteries), alkalis or salts …

• One of the most popular ‘salts’ 

used in Li-ion batteries is:

• Lithium hexafluorophosphate.

• Which we will return to in a minute…
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Presenter Notes
Presentation Notes
Definitions are from the Penguin Dictionary of Science.  6th edition, 1986.  ISBN 0 14 051156 3.



Health consequence and severity: What 
happens in ‘combustion’ / thermal runaway?

• Large volumes of hydrogen fluoride gas (HF) may be generated

• 20 - 200mg/Wh of nominal battery energy capacity

• For a 100kWh battery this equates to 20kg of HF gas, which is a lot!  (22.7m3)

• Plus 15 - 22mg/Wh of another potentially toxic gas, phosphoryl fluoride 
(POF3).  (No tox. data though, although imagined to be more toxic than HF!)

• ‘Fluoride’ gas emission can pose a serious toxic threat, as well as Cl2

• Why is this?  So!  Some chemistry now …

Presenter Notes
Presentation Notes
So, we know from the FTA that toxic gases are produced and these include HF, HCl and POF3.  And also, quite a lot of toxic gas.



What’s the chemistry?  What happens in 
‘combustion’ / thermal runaway?

LiPF6  LiF + PF5

PF5 + H2O                POF3 + 2HF

LiPF6 + H2O             LiF + POF3 + 2HF

2Li + 2H2O   2LiOH + H2

 
Ref:  Reactions of alkali metals with water - Group 1 alkali metals - GCSE 
Chemistry (Single Science) Revision - WJEC - BBC Bitesize

NB:  We are coming back to look at lithium 
hexafluorophosphate again in a minute!

Image credit:  Science photo library  

Presenter Notes
Presentation Notes
Note the lilac-coloured lithium flame.  The decomposition reactions illustrate the products of decomposition including flammable hydrogen, alkaline lithium hydroxide, toxic and corrosive HF and highly toxic phosphorous pentafluoride.  All best avoided, and indicative of the fact that these are dangers products of reaction.

https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2
https://www.bbc.co.uk/bitesize/guides/zdykw6f/revision/2


What is in the battery?

• Anode:  (Invariably) Carbon

• Cathodes, typically …  

• Lithium cobalt oxide.  LiCoO2

• Lithium iron phosphate.  LiFePO4

• Organic solvents: Fluorophosphates

• Additives, binders:  PVdF

• Polyvinylidine fluoride

• Gel polymers (electrolytes)

• F can be ‘released’ through decomposition 

from a low as: 50<T<80°C

• Electrolytes provide Li ion salts and 
comprise …

• Lithium salts:  LiPF6, LiClO4

• Lithium hexafluorophosphate is a 
FLAMMABLE electrolyte

• Lithium perchlorate is a strong oxidizer.

• https://en.wikipedia.org/wiki/Lithium_h
exafluorophosphate

• Leading reference:
• www.nature.com/scientificreports

• 7: 10018:  DOI: 10.1038/s41598-017-09784-z

• Toxic fluoride gas emissions from lithium-ion 
battery fires. 2017.

• Larsson, Andersson, Blomqvist & Mellander.

• Dept Physics, Chalmers Univ, Gothenburg, 
Sweden.

Presenter Notes
Presentation Notes
The pink and the orange All-Sorts provide in the black band an illustration of where the electrolyte is located!

There is an excellent paper of battery composition and fire tests in Nature Scientific Reports:

www.nature.com/scientificreports
7: 10018:  DOI: 10.1038/s41598-017-09784-z
Toxic fluoride gas emissions from lithium-ion battery fires.
Larsson, Andersson, Blomqvist & Mellander.
Dept Physics, Chalmers Univ, Gothenburg, 2017.

Li salts are mined in Argentina, Bolivia and Ukraine, among others.

Lithium salts provide the lithium atoms which are charged cations, Li+.  These cations migrate through the electrolyte to the anode, and fluorine provides fluoride anions F- that migrate to the anode, thus providing with the flow of electrons a current.


https://en.wikipedia.org/wiki/Lithium_hexafluorophosphate
https://en.wikipedia.org/wiki/Lithium_hexafluorophosphate
https://en.wikipedia.org/wiki/Lithium_hexafluorophosphate
http://www.nature.com/scientificreports
http://www.nature.com/scientificreports


What is the toxicology?

• Check out https://www.hse.gov.uk/pubns/priced/eh40.pdf

• Routes of entry to the body:  Which ‘harms’ most readily?
• Inhalation, ingestion, injection, skin or eye absorption

WEL

Toxicity LTEL (8 hr) STEL (15 minutes)

LC50, LD50 or LCLo ppm mg.m-3 ppm mg.m-3

HBr 814 ppm (mouse) - - 3 10

HCl 3000 ppm (human) 1 2 5 8 

HCN 179 ppm (human) 0.9 1 4.5 5

HF 17 ppm (rat) 1.8 1.5 3 2.5

H2S 600 ppm (human) 5 7 10 14

NO2 64 ppm (dog) 0.5 0.96 1 1.91

COCl2 3 ppm (human)* 0.02 0.08 0.06 0.25

PCB 0.1

SO2 1000ppm (human) 0.5 1.3 1 2.7

*1 ppm = 4mg/m-3

Data from HSE EH40 

& Wikipedia

Cnt = Constant,

n = Toxic Index

Where 1<n<3
Depending on how 

many effects a 

toxic gas has on 

you!

Presenter Notes
Presentation Notes
HF from lithium hexafluorophosphate:  HCl from lithium perchlorate.  COCl2 is phosgene.

Remember the routes of entry to the body?  Which kills you the quickest?  Inhalation!  The data suggests that hydrogen fluoride gas / vapour has a high level of toxicity.

Some of the original work on chlorine exposure by TNO, the Netherlands Organisation of Applied Scientific Research, is detailed in the Green Book:  Methods for the determination of possible damage to people and objects resulting from release of hazardous materials:  Report CPR 16E, First Edition, 1992.

Similar work is also detailed in Risk Assessment in the Process Industries, IChem E  Second Edition:  Edited by Robin Pitblado and Ronin Turney, 1996, ISBN 0 85295 323 2.

The equation Cnt = Constant defines the Toxic Dose relationship which gives essentially straight-line log / log plots of concentration vs. time and probability of fatality.  The value of n depends on how many modes of toxic response are presented by a toxic gas.  For chlorine this is two:  initial irritation and respiratory spasm and then delayed effects form other destructive effects on lung tissue.

https://www.hse.gov.uk/pubns/priced/eh40.pdf


Dealing with fires involving BEVs
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Presenter Notes
Presentation Notes
Showing innovative Danish technology in action.



Vehicle fire blankets

https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/

Presenter Notes
Presentation Notes
Excellent, simple low tech solution to a serious problem, although this does place fire fighters at some risk to deploy the blanket.

https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/
https://vehiclefireblanket.com/product/electric-hybrid-fire-blanket/


Fire fighting media

Class D 

fires

AVD
F500 

foam

Giant fire 

blankets
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Presenter Notes
Presentation Notes
Three slides now on fire fighting media.  Fire fighting for class D (metal) fires such as lithium and lithium-ion batteries is not easy.



Fire precautions for small Li battery fires
Seven options are currently available

1. Do nothing except get the people out

2. Copious water / water immersion

3. Smothering by a purpose made fire 
blanket

4. Lith-EX with AVD

5. LiCell with AVD.  (USA Spec)
1. What is Aqueous Vermiculite Dispersion? - 

AVD Fire

2. Suitable for Li and Mg (metal) fires

6. Dry powder or foam extinguishant

7. ALSO:  Clean Agent extinguishers
FM 200 (heptafluoropropane) and Novec 1230

F500 foam
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Presentation Notes
AAVDs are useful in the office / commercial environment and possibly at home.  However, the fire blanket could give you vital moments of time to evacuate safely.

https://www.avdfire.com/what-is-aqueous-vermiculite-dispersion/
https://www.avdfire.com/what-is-aqueous-vermiculite-dispersion/
https://www.avdfire.com/what-is-aqueous-vermiculite-dispersion/
https://www.avdfire.com/what-is-aqueous-vermiculite-dispersion/


Fireblock Lithium gel1/28/2026
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• 2, 6 and 9 litre fillings

• 6 & 9 litre fillings are Kitemark certified to 

BS EN3, CE and UKCA certificated

1. Cools thermal runaway

2. Prevents thermal propagation

3. Provides containment

4. 9 Litre Lithium-ion Battery FIREBLOCK 

Fire Extinguisher - Jactone

Presenter Notes
Presentation Notes
Check out the reference for Jactone Fireblock Lithium Gel battery fire extinguishers.

https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/
https://www.jactone.com/fireblock/9-litre-lithium-ion-battery-fireblock-fire-extinguisher/


Fire protection for lithium-ion 
(rechargeable) batteries

Fire prevention

Replace damaged chargers and damaged batteries.Replace

Only use chargers, devices and batteries from reputable 

manufacturers.
Use

Immediately remove the batteries from the charger when 

they are full.
Remove

Supervise the battery while charging.Supervise

Do not store batteries in direct sunlight.
Do not 

store

Fire precautions

• Place a smoke detector near the battery charging point

• Provide appropriate fire extinguishers

• Keep the number of batteries in process or in stock to a 

minimum

• Charge in a designated well-lit place

• Observe.  Only charge the batteries if they can be 

physically seen and monitored or if they are charged in 

a fire resisting cabinet with an internal power supply
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Presenter Notes
Presentation Notes
Key aspects of FIRE PROTECTION in terms of fire prevention and fire precautions.



What is the size of the problem?

• Lithium (Li-ion) Batteries (bbc.co.uk)

• Fire related data:  

• HSE?
• Off. Rail & Road / Dept Transport?
• Home Office:  GOV.UK

• FIRE0601-FIRE0605 tables

• Fire and Rescue Services?
• LFB are ace for LEVs!

• Insurance sector
• QBE data

• Fires in e-bikes and e-scooters –
2024 - GOV.UK
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Presenter Notes
Presentation Notes
UK fire brigades are now tackling at least three lithium-ion battery fires a day, following a 93% surge between 2022 and 2024, according to new research from business insurer QBE.

Accessing ‘quality’ data for fires and events, be they fatalities, personal injury, property losses or business continuity losses is particularly difficult.  Incidents attributable to Li-ion batteries etc are simply just not recorded in the depth of detail that we require.  EXCEPT, now London Fire Brigade are supporting these fields of data IN THE CAPITAL for LEV, BEV and E-scooter fires etc.

The incident classifications are simply not there and the level of Incident investigation (in terms of time available and time spent for ‘minor’ events) may not be there.

UK fire brigades attended 1,330 lithium-ion battery fires in 2024.
This represents a 93% increase from 2022, according to QBE.
The findings are based on data gathered from Freedom of Information requests to UK fire services.
E-bikes were linked to 362 fires in 2024, double the 2022 figure.
London accounted for 31% of total lithium-ion battery fires.
London also accounted for 49% of all e-bike fires.
Electric vehicle fires increased by 77% between 2022 and 2024.
The most common fire locations were residential properties.
QBE urged stronger regulation and public education on battery safety.
It cited thermal runaway as the key fire risk mechanism.
The Product Regulation and Metrology Bill is under parliamentary review.
The Department for Business and Trade launched the Buy Safe, Be Safe campaign in 2024.


https://www.bbc.co.uk/safety/resources/aztopics/lithium-li-ionbatteries/
https://www.bbc.co.uk/safety/resources/aztopics/lithium-li-ionbatteries/
https://www.bbc.co.uk/safety/resources/aztopics/lithium-li-ionbatteries/
https://www.bbc.co.uk/safety/resources/aztopics/lithium-li-ionbatteries/
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2024


QBE Insurance sector data
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Category 2022 2023 2024 Diff.

All Li-ion batteries 690 1038 1330 +93%

E-bike 181 315 362 +100%

E-scooter 118 147 156 +24%

E-car 131 168 232 +32%

E-bus / coach 18 22 14 -22%

E-truck 3 12 3 Nil

Mobility Scooter 25 32 30 +20%

Road related 451 664 797 +76%

The gap?  Non-Road 239 374 533 +123%

Presenter Notes
Presentation Notes
Data collected by QBE from Freedom of Information (FOI) requests to UK fire services in March 2025 suggests e-bikes are a major contributor, being linked to almost a third (27%) of all recorded lithium-ion battery fires in 2024.
Lithium-ion batteries can be found in most rechargeable devices, including smartphones, laptops, power tools and e-vehicles.
E-bikes accounted for 362 fires in 2024, double from 181 in 2022. It means the nation’s fire services tended to an e-bike fire almost every day last year.
London accounted for almost a third of all lithium-ion battery fires in the UK (31%) and nearly half of all e-bike-related fires (49% or 178 incidents) in 2024.
Between 2022 and 2024, fires involving e-cars rose by 77% (131 to 232). While the number of electric vehicles on the road have more than doubled in the same period[1], the risk from EV fires is substantial due to their fire intensity and speed of ignition and spreading caused by lithium-ion batteries.
QBE is calling for improvements to lithium-ion battery safety as the fires burn hotter, faster and behave more unpredictably than ordinary combustion fires, increasing the risk of injury to people and damage to property. In addition, many people still do not know how to manage these emerging technologies and devices safely in their homes or businesses.

Fires involving electric scooters increased by 32% from 118 in 2022 to 156 in 2024. Fires involving electric mobility scooters rose by 20% from 25 in 2022 to 30 in 2024. The threat to their users is heightened, particularly for those with limited mobility, who may struggle to vacate quickly in the event of a fire.
Of all the fire services in the UK, the London Fire Brigade recorded the highest number of lithium-ion battery fires in 2024, with 407 incidents – more than four times the next highest region. Greater Manchester Fire and Rescue Service was second, reporting 100 lithium-ion battery fires, followed by West Yorkshire Fire and Rescue, which covers Leeds and Bradford, reporting 94 lithium-ion battery fires.
For those fires whose location was recorded, the most frequent one was residential properties, followed by outdoors and commercial premises. 
As personal e-transport becomes more popular and more electric cars hit the road, QBE says there is a growing need for better public education on safe battery use and fire prevention.




Reported bus fires:  DVSA data, 2026 
2020 2021 2022 2023 TOTAL

25 63 101 53 242
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Causation No. of reports

Engine failure 29

Maintenance 29

Electrical faults 38

Vehicle components 46

Arson 6

Fuel 6

Unknown 88

TOTAL 242

Investigation into bus fires reported to DVSA from 2020 to 

2022 - GOV.UK

https://www.gov.uk/government/publications/investigation-into-bus-fires-reported-to-dvsa-from-2020-to-2022
https://www.gov.uk/government/publications/investigation-into-bus-fires-reported-to-dvsa-from-2020-to-2022
https://www.gov.uk/government/publications/investigation-into-bus-fires-reported-to-dvsa-from-2020-to-2022
https://www.gov.uk/government/publications/investigation-into-bus-fires-reported-to-dvsa-from-2020-to-2022


E-bus fires

• Investigation into bus fires 
reported to DVSA from 2020 to 
2022 - GOV.UK

• Findings:

• DVSA could find no evidence 
that engine bay temperatures 
lead to premature degradation 
or engine fires when 
maintained correctly

• DVSA found evidence that 
showed repairs carried out to 
address an initial fault were often 
focused on the fault, and not the 
effect the fault may have had on 
other systems

• DVSA found evidence of drivers 
continuing to drive the vehicle 
when warning systems advise the 
vehicle should be stopped, and 
of drivers being given incorrect 
advice by depots to continue 
driving
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EV fires by vehicle type
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Presenter Notes
Presentation Notes
What should be done?

A comment by Charlie Pugsley, the London Fire Brigade’s Assistant Commissioner for Fire Safety, about the best course of action to take if there’s an electric vehicle fire.

Pugsley commented: “If an electric or hybrid vehicle catches fire or starts to produce plumes of white smoke, our advice is to safely stop the vehicle and leave it immediately. The white smoke produced by these fires is highly toxic and must never be mistaken for steam. It’s always best to move a safe distance away from the vehicle and not to attempt to retrieve items from inside or tackle the fire. The best course of action is to call the Fire and Rescue Service.

*The full study results can be accessed online at https://cesafety.co.uk/news/data-reveals-extent-of-electric-vehicle-fires-around-the-uk/




Electric vehicle fires

• The people:  Get them out!

• The vehicle will be a total loss

• The environment, transmitted heat, 

adjoining vehicles

• Car parks, especially MSCPs

• Fire responders:  multiple hazards 

including air bags and electric shock, 

HF, contaminated water run-off.  

• Delayed re-ignition risks

• Remote handling solutions?  There is 
one on the next slide
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Presenter Notes
Presentation Notes
Basic and obvious advice.

The people:  Get them out!
The vehicle will be a total loss.
The environment, transmitted heat, adjoining vehicles.
Car parks, especially MSCPs.
Fire responders:  multiple hazards including air bags and electric shock, HF, contaminated water run-off.  Delayed reignition risks.
Remote handling solutions?  There is one on the next slide.

We are going to talk about MSCPs later.




Critical factors in EV battery fires?

Causation, in descending order.

Unknown, 

(and genuinely 

unknown too!)

Collision, 

striking debris

OEM battery 

fault

Vehicle collision

Either V2V or V2-Scenery 

/ infrastructure

Workshop / 
repair ‘goes 

wrong’

Arson

External 

coincident fire
Overheating

‘No evidence’ causation of fires.

• Electrocution, although it is 
always a risk

• Car wash

• Directed jets of water

• Submersion

• Extrication of the passengers

• ‘Stranded energy’.
• Residual energy that remains after 

cells have been discharged
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Presenter Notes
Presentation Notes
Some of the BEV critical factors.  Strangely charger system failures are not detailed now, neither is operator error but I am sure both may still exist.

Be aware that social media is awash with film clips of BEV fires!  The ‘No evidence’ list is particularly interesting though.  Standards of IP rating for water ingress protection are very good, at IP67 with other electrical components rated at IP66.

Recent visit to JLR at Speke to see the Discovery Sport production lines.

For EVs, piecing together the data gives us good information.

Although EV HV battery fires are rare, at the outset for EVs the operational and fire safety knowledge with users was not there.  
Fires occurred through user (driver) error.  Batteries were powerful, fires were particularly fierce. 
There may also have been installation and component quality issues with chargers, especially at home.  (Coincidentally, this was the same with the advent of domestic PV panels).
Underground and MSCP issues remain though.  (Detection, warning, action, evacuation etc).
Reliability and QC have improved with EV manufacturers.
Component quality must have improved too.  (The need to avoid reputational risks).
But fires are still particularly fierce, and we have even more powerful batteries now.  




How many EVs on 
the road?

- Dec 2021:  396,945 electric cars, (1.2% of all cars on the road).

- 2023:  314,684 electric cars were sold.  (267,203 in 2022).  Up 
18%. 

- New BEV have grown from 11.6% in 2021, to 19.6% in 2024

- 2024:  381,970 new fully electric cars sold, 19.6% market share 
of all new cars registered that year. More BEV were sold in 
2024 than any other and represented 21% more than in 2023

- January 2025:  <1.4M fully electric cars (BEV) in the UK.
- 4.09% of the c.34 million cars on UK roads.

- 29,634 new fully electric cars were sold, which was 21.3% market share of all new cars registered 
this year.

- EV fraction of new car sales has stayed stable.  But it is now 
increasing as the impact of the ZEV directive, and growing 
consumer demand, comes into effect.

- Conversely, the number of new diesel cars sold has fallen 
significantly



Vehicle fires data

• EV sales could increase by 80% by 2030

• Electric car fires accounted for just 0.4% of 

total car fires in Norway from 2013 to 2015

• 24 EV fires were reported in Sweden in 2023

• Fewer than 500 EV battery fires have ever 

been verified globally, out of around 20 million 

EVs currently on the road worldwide

© Data from https://www.honestjohn.co.uk/

- In the UK, there are roughly 100,000 car fires 

every year - electric car fires make up a fraction 

of this figure. One report found that 23 

passenger EVs caught fire due to a faulty 

battery from January 1 to March 31, 2023

- Around 18% of EV fires occur while the car is 

plugged in and charging, but the percentage 

could be as high as 30%. This includes incidents 

of thermal runaway occurring within an hour of 

the car being disconnected from its charger (AC 

or DC)



BEV fires commentary

• Thermal runaway within the battery is one 

of the most common causes of electric 

car fires

• Hybrid cars are more likely to catch fire 

than electric or ICE vehicles

• Putting out an electric car fire can take 

over five hours

• More than half of electric car fires start 

with spontaneous battery combustion

• 83 people have died in Tesla car fire 

incidents since 2014

© Data from https://www.honestjohn.co.uk/



Conclusions

-Consequences include 
thermal effects, blast, jet 
fires and fireballs, toxic 
gases AND environmental 
pollutants

-Large safety distances are 
required, and fires may burn 
for ~6 hours.  Vast water 
supplies will be required to 
extinguish



How do you know it’s an EV?

-Which of these are true?

1. It’s a car on a cable …

2. The name (Q8 e-tron) suggests 

it!

3. It’s heavy, expensive, & a green 

stripe on the registration plate

4. Odd ‘hatches’ in the bodywork

5. No ‘tail pipes’

6. It catches fire readily?

Presenter Notes
Presentation Notes
Answers:

Only when it is being charged up.
Well, Yes!  That could be true.
Yes. Yes and ONLY if it is a Zero Emission vehicle.  So, only a wholly BEV.  If the vehicle is an ICE or ‘Alternative Fuelled (petrol or diesel fuelled) hybrid or a mild hybrid it is not entitled to a Green Stripe.  The Green stripe is not obligatory but MAY be used or advantageous to identify the vehicle for free travel in a ULEZ Zone.  This indicator may not work with ‘personalised’ registration plates.
This may be true.
Yes, except some ICE engined vehicles have tail pipes underneath the rear panel.  (LandRover Discovery 5).
No, not necessarily.




Propulsion 
energy 
identification

CTIF & 
ISO 17840
Rescue 
Information 

Presenter Notes
Presentation Notes
CTIF also promote a vehicle propulsion energy identification system too. Crucially, the propulsion energy identification initiative will help first responders, particularly to fires, identify what power unit has been installed in a vehicle.  DME is dimethyl ether, a synthetically alternative to diesel (DERV) fuel.

H2 (hydrogen), LNG, CNG and LPG are all obvious, as are petrol (gasoline) and diesel or DERV.

So, finally, if the vehicle displays a YELLOW diamond, the QR code rescue sheet shows the location of electrical power traction batteries AND the vehicle has suffered physical damage in that area, assume, rightly, the worst and take extreme precautions.  Of course, other fire risks exist particularly with gasoline and LPG or LNG powered vehicles from fuel tank leakage or venting.




Construction 
equipment

Presenter Notes
Presentation Notes
With construction and larger road going vehicles such as public service vehicles the risk are low, and again through CTIF and NFPA work on Rescue Guides etc the work on Emergency Response Guidance is excellent.  Further information should be available from manufacturers.



So, what’s next?

-FSMS, Fire Risk strategy, FRAs

-Review, identify, prioritise, 
plan

-Back-to-basics approach with 
the introduction of new site 
hazards:  matching fire 
extinguishers to hazards etc

-What else can be so easily 
compromised?

-E.g. BEV charging for visitors?

-Wallboards / posters

-ALL 3 top level objectives 
stand:  Life safety, property 
protection and business 
continuity

-Evacuation priorities are NOW

-Active and passive protection

-Compartmentation and FIRE 
DOORS



Li-ion power series A1 or A2 size posters



Li-ion power series A1 or A2 size posters



D4FS:  The TWO (philosophical) equations 
for life!

-Designing for fire safety.

- N ≥ M + 1   and …

- S ≤ N - 1.   Or S≠N-1

- Always argue for more!  Go large, have 
at least one more than you thought you 
needed!

- Never compromise on survivability.  
Never go less that N – 1.

- It is time to look at fire protection in 
much more detail …

Presenter Notes
Presentation Notes
N ≥ M+1 is an expression for the number of systems that you need should always be one more that you thought you wanted.  It allows for redundancy and therefore one of the systems could be ‘down’ for unavailability or maintenance.  In naval systems there should always be ‘one and two spares’!

S ≤ N-1 is another expression for ‘survivability’:  Here you SHOULD be able to survive a situation with ONE LESS feature or facility that you knew you had. For example:  all the crew are safe in one less life-raft, the aircraft can be flown on one less engine, and you can all evacuate safely through one less means of escape.  This S factor allows for unavailability of assets, systems or services. 

Secondly, there will be elements of property protection to make escape from facilities tenable.  These requirements of active and passive fire prevention are detailed on the Wallboard.  It is absolutely vital that these principles are designed-in from the outset in D4FS (designing for fire safety) and that the active and passive measures are properly constructed, installed, inspected and tested.  Above all, there MUST be a continuing planned preventative maintenance programme to maintain these essential life safety and property protection measures.




Evacuation and escape …

-Evacuate, get people out and 
away to a safe distance.

-Minimise travel distances.

- Minimise evacuation time.

-Clear, illuminated wayfinding 
& safety signs.

-Assemble potentially at 
100+m.

- Inspect MOE routes 
frequently.

Presenter Notes
Presentation Notes
So, what can you do about it now?  The key is to get the people out:  Evacuation AND Escape.

By this stage we have already passed all the aspects of fire prevention.  The fire has already initiated, and thermal runaway may well be chemically and physically underway.  Reverting to first principles, the first action is LIFE SAFETY and you must get people evacuated from the building, facility or the surrounding area of a lithium-ion battery fire without delay.  Means of escape, fire exits and assembly points need to be clear, accessible and available for immediate use.  This Wallboard give clear advice on the requirements.

Remember that fire is bad enough but a fire with smoke is terrible, and a fire with toxic chemical smoke will be lethal.  Evacuation UPWIND to a safe distance is paramount.




AFP & PFP:  Fire protection is key!

-Detect, warn, alarm, 

evacuate

-Invest in AFP and PFP

-Design in compartmentation

-Fit and test dampers in air 

handling systems

-Install and test sprinklers

-Maintain everything, often …

Presenter Notes
Presentation Notes
N ≥ M+1 is an expression for the number of systems that you need should always be one more that you thought you wanted.  It allows for redundancy and therefore one of the systems could be ‘down’ for unavailability or maintenance.  In naval systems there should always be ‘one and two spares’!

S ≤ N-1 is another expression for ‘survivability’:  Here you SHOULD be able to survive a situation with ONE LESS feature or facility that you knew you had. For example:  all the crew are safe in one less life-raft, the aircraft can be flown on one less engine, and you can all evacuate safely through one less means of escape.  This S factor allows for unavailability of assets, systems or services. 

Secondly, there will be elements of property protection to make escape from facilities tenable.  These requirements of active and passive fire prevention are detailed on the Wallboard.  It is absolutely vital that these principles are designed-in from the outset in D4FS (designing for fire safety) and that the active and passive measures are properly constructed, installed, inspected and tested.  Above all, there MUST be a continuing planned preventative maintenance programme to maintain these essential life safety and property protection measures.




Fundamental fire protection:  Fire Doors

-In buildings and infrastructure:

- Fire doors ‘seal’ compartments 

and prevent ‘smoke’ spread.  

Check them frequently

- In any circumstances, an open 

fire door is useless

- In domestic accommodation, 

never re-charge batteries 

unattended, at night, or on an 

MOE, and close doors

Presenter Notes
Presentation Notes
Anne Isaacs is the FRMG expert in this field.  Contact her via Networks@iosh.com.

An essential part of the passive fire protection scheme is the provision of fire doors to maintain compartmentation within the building in the event of fire.  However, in these circumstances it is also essential to have well provisioned and maintained fire doors to limit the passage of toxic gases and smoke throughout a building or between compartments.  Where passage of smoke or TOXIC gases could be suspected then intumescent seals and smoke seals on doors should be installed and doors graded 30S or 60S.





Latest International 
interest

- Austroads Research Report AP-R746-25

- Incident Response for Low and Zero 
Emission Vehicles

Incident Response for Low and Zero

Emission Vehicles



Standards for safe working etc

- BSI PAS 43:2018 – TC

- Safe working of vehicle 
breakdown, recovery and 
removal operations. 
Management system 
specification

- UK Dept Transport guidance

- Recovery operators: working with 
electric vehicles - GOV.UK

- To ID an electric vehicle

- Enter the registration number of 
the vehicle - Check if a vehicle is 
taxed and has an MOT - GOV.UK

- Vehicle Tax and MOT status 
results - Check if a vehicle is 
taxed and has an MOT - GOV.UK

https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
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https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en


EV conversions:  1970 Mercedes-Benz SL

Images credit:  Channel 10 News Melbourne
EV FireSafe:  Thermal Runaway

https://www.youtube.com/watch?v=52mfE2w9t1c
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