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Types of fires

▪ “In January 2017 a NYC garbage truck was the source of 
a neighborhood surprise when a Lithium ion battery 
exploded in the compactor of the truck. Luckily no one 
was injured”

▪ “Two airlines have lost 747s to lithium battery fires. 
Each had over 50,000 batteries onboard and the source 
of ignition was traced to those containers”

▪ “In 2008, lithium-ion batteries being charged ignited a 
blaze aboard a Navy SEAL mini-submarine in Pearl 
Harbor”
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Battery fires



Types of fires

Lithium ion batteries can catch fire if they were badly made 
or damaged, or if the software that controls the battery has 
been poorly designed.

Battery fires



Types of fires

▪ “34 people were killed in a fire aboard the dive boat 
Conception”

▪ “unsupervised charging of lithium-ion batteries and 
extensive use of power strips and extension cords”

References:

• https://www.latimes.com/california/story/2019-12-15/lithium-ion-battery-fire-red-flags-coast-

guard-conception

• https://www.businessinsider.com/us-coast-guard-issues-lithium-battery-warning-following-

california-boat-fire-2019-9?r=US&IR=T
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Types of fires

▪ Liquid fuel spill on concrete: 
HRR/A=0.8-1.0 MW/m2

▪ On road liquid fuel spill:   
HRR/A=2 MW/m2

▪ Pool fire equation by Babrauskas
for gasoline spill:          
HRR/A=2.2 MW/m2

▪ Gasoline/lube oil accidental leaks: 
31% of fire and explosion 
accidents in maritime sector!
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Liquid fuel fires and their HRR/A



Types of fires

CNG garbage trucks explosions in the USA:

▪ “…natural-gas powered garbage truck began smouldering… 

neighbour was recording just as the truck exploded”,

▪ “…garbage truck exploded after catching fire … and blasted a 

hole in the front of a nearby house”. “A total of four houses 

were damaged in the explosion”.

References:

• https://www.today.com/video/caught-on-camera-natural-gas-powered-garbage-truck-explodes-609780803613

• https://www.nj.com/mercer/2016/01/garbage_truck_explosion_damages_hamilton_house.html

Smouldering fires
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A vessel comprises the load bearing fibre-reinforced polymer 
(FRP) layer, inner liner against gas permeation and outer 
thermal protection layer (TPL) that can be load bearing. Liner 
melts and the gas leaks through the wall before tank rupture.

Original tank: ruptureExplosion free in a fire tank: no rupture

Explosion free in a fire TPRD-less tank
Schematic description
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Thinner composite at domes
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The first set of prototypes



▪ Tank V=7.5 L, NWP=700 bar

▪ Technology validation: explosion free in a fire behaviour 
(without TPRD)

▪ Fire HRR/A=1 MW/m2, which is comparable with 
gasoline-diesel fires

▪ Designs and testing glass fibre reinforced polymer as 
the thermal protection layer, with increased wall 
thickness

Features and characteristics targeted

The first set of prototypes



The first set of prototypes
Hydro-testing

Burst pressure ratios 2.26~2.66



The first set of prototypes
Fire testing: all cylinders leaked (no rupture)



The second set of prototypes



The second set of prototypes

▪ Tank V=7.5 L, NWP=700 bar

▪ Technology validation: explosion free in a fire behaviour 
(without TPRD)

▪ Fire HRR/A=1 MW/m2, which is comparable with 
gasoline-diesel fires

▪ Designs optimisation to original wall thickness

▪ Use of other composite not susceptible to acid influence

Features and characteristics targeted



Burst pressure ratio 2.61

The second set of prototypes
Hydro-testing



2nd prototype in fire (HRR/A=1 MW/m2)



The third set of prototypes



The third set of prototypes

▪ Tank V=7.5 L, NWP=700 bar

▪ Technology validation: explosion free in a fire behaviour 
(without TPRD)

▪ Fire HRR/A=1 MW/m2, which is comparable with 
gasoline-diesel fires

▪ Safe blow-down even when the fire is extinguished

▪ Leak in a fire and safe blow-down demonstrated with 
different liner polymers

Features and characteristics targeted



Burst pressure ratio 2.25~2.26

The third set of prototypes
Hydro-testing



The third set of prototypes
Fire testing: Prototype#1 - leaked (no rupture)



The third set of prototypes
Fire testing: Prototype#2 - leaked (no rupture)



The third set of prototypes
Fire testing: Prototype#3 - leaked (no rupture)



The third set of prototypes
Fire extinction does not stop hydrogen leak



The fourth set of prototypes



▪ Effect of fibre in a composite on hydrogen flame length 
(regulated limit 0.5 m)

▪ Decay of hydrogen concentration in the vicinity of the 
tank wall after fire extinction

▪ Reproducibility of technology performance in different 
testing laboratories

The fourth set of prototypes
Features and characteristics targeted



Credit:

CEA colleagues



The fifth set of prototypes



Test start First sign of resin 
combusting

01:19

05:49

Burner fuel supply stopped, 
resin is still burning

05:55

Water sprinkler 
started

06:30

Extinction continues, 
resin is still burning

13:30

Seconds after sprinkler stopped,
combustion is slightly visible (on video)

Credit:

USN colleagues

The fifth set of prototypes



Pressure and temperature reading
The fifth set of prototypes



Innovative TPRD-less tank technology

▪ No devastating consequences of tank rupture in a fire:

✓ No blast wave

✓ No fireball

✓ No projectiles

✓ No pressure peaking phenomenon

✓ No long flames

✓ No loss of life and property due to tank rupture

▪ Tank is explosion free in a fire at any SoC up to 100%.

▪ TPRD-less tank withstands any fire, including a localised fire!

▪ Standard tank-TPRD system will not withstand localised fire.  

It will rupture if TPRD is blocked from a fire, if response time 

of TPRD is comparatively large

Unprecedented level of safety



▪ There is no additional size and cost of the explosion free 
in a fire self venting container, to follow the request of 
OEMs

▪ Testing of these tanks confirmed that the fire extinction 
does not interrupt hydrogen release, i.e.          
firefighters can conduct their interventions at 
accident scenes as before

Innovative TPRD-less tank technology
Conclusions
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