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Fixed fire suppression systems are common in heavy vehicles and are widely considered to be an effective
way to mitigate fires. In Sweden, 94% of public transport buses are equipped with these on-board
installations [1]. Here they protect engine compartments and spaces with auxiliary heaters, mostly in
conventionally powered vehicles. The ongoing shift to electromobility however has identified new risk
areas, specifically those related to the on-board lithium-ion battery (LIB). Abuse due to unexpected
mechanical or thermal loading or internal failures can turn the LIB into a fire hazard. It is therefore of
importance to investigate whether fixed fire suppression systems can act as a control measure. [2]
The electrolyte in lithium-ion cells are flammable. Given heat from a short circuit or other source,
exothermic reactions may occur and release oxygen such that the LIB can provide all that is necessary to
produce and sustain a fire [3]. Uncertainty prevails about the type of extinguishing agent or system that is
most appropriate for LIB fires, although there does seem to be a growing consensus that suppression agents
having the ability to remove heat from the cells/module and thus inhibit the propagation of thermal runaway
have the best and most reliable performance. Water-based fire suppression systems pose a good candidate
for testing as they offer great cooling potential [4].
Research and fire testing of cells, modules and battery packs have resulted in many different ideas about
the best way to extinguish a fire in a LIB [5] [6] [7] [8] [9] [10] [11]. Much testing has been conducted on
individual cells, but the most severe challenge lies in extinguishing fires inside the battery packs. The
suppression agent needs access to the seat of the fire, i.e. the cells inside the modules. Access can however
prove challenging when conventional fire suppression attempts are considered. This is due to high levels
of ingress protection as well as the location in which LIBs are placed. Strategic integration of fixed fire
suppression systems into LIBs may help to circumvent this issue. It is however also important to find a
balance between suppression and the possibility that there could be a build-up of flammable gas that leads
to an explosion in case of delayed ignition [12].
There are many challenges associated with fighting LIB fires. As such, this work considers experimental
testing to evaluate the performance and applicability of fixed fire suppression systems for an automotive
LIB pack [13]. A test series of seven tests were performed using a LIB pack that contained both live battery
modules, with 12 prismatic cells each, as well as dummy modules. Heat transfer and thermal runaway
propagation were evaluated both in case of internal fire suppression within the battery pack and external
from outside.
The test results [13] showed that internal activation of a water-based fire suppression system inside a battery
pack has good potential to have a lasting cooling effect on the battery and to increase the chance of
mitigating and preventing thermal runaway propagation. External activation had, in this case, no cooling
effect or impact on the thermal runaway propagation. Flames on the outside of the battery pack were put
out mitigating fire spread from the battery to the surroundings, however, bear in mind that without cooling
of the battery and without flames there is a risk that large quantities of flammable gas are released. If these
gases could accumulate in enclosed spaces, e.g. the battery compartment, there is a risk of explosion in case
of available ignition sources, e.g. sparks from the battery or hot surfaces on the vehicle.
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Due to very limited free space inside a battery pack the results indicate that it is more optimal to have a low
flow rate and longer release time of the suppression agent. The test results did not show the minimum
amount of agent needed, but 12-13 l resulted in a good effect in this case for a battery pack of about 12 kWh.
It was observed that a large quantity of agent was thrown out from the battery pack due to the limited free
space inside, indicating that similar results could have been achieved for significantly less amount of agent.
The test results are valid for this type of battery cells, modules and pack, and this type of scenario, but give
an indication of the potential of using fire suppression systems for other types of battery packs and
scenarios. To ensure good effect and good design of a fire suppression system intended for cooling and
mitigation of thermal runaway propagation it is recommended that tests are performed for each unique
battery installation.
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