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Modern vehicles are changing. Demands for comfort have led to
larger vehicles. Climate and sustainability goals have led to
alternative energy sources and lighter components. These
changes have increased the vehicle fire load. Electric vehicle use
has also created demands for vehicle charging and dedicated
parking areas. This document provides an overview of modern
vehicles hazards and controls from a property risk assessment
perspective.

Introduction

This document offers guidance to help control potential fire hazards associated with modern vehicle
parking and electric vehicle parking and charging.

Research on the protection of car parks in general and electric vehicles parking and charging in particular
is ongoing. As such, be aware the guidance on this topic may be subject to change.

Discussion

Modern cars in general

Cars have changed over the past 50 years. Customer demands for more comfort and space, the demand
for more efficient driving performance, and the need for more cost-effective production methods has
boosted the use of plastic materials in all aspects of the automotive manufacturing process — body work,
chassis, plastic fuel tanks, interior — with the result that the overall fire load has increased. Experience
indicates fires involving plastics in modern vehicles may be more challenging and spread more readily
from car-to-car. Recent cases of fires involving modern vehicles have led to significant property damage
and even structural collapse.

Electric vehicles

The awareness of climate change has led to an accelerating move away from internal combustion engines
towards electric vehicles. These vehicles, including hybrid cars, typically store energy in lithium-ion
batteries of different chemistries and capacities to supply vehicle power demand. Recent fire experience
indicates fires involving lithium-ion batteries may present a challenge to both automatic and manual fire
protection.
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Compared to other conventional battery types, lithium-ion batteries provide much higher energy densities
and extended lifetimes. The high energy density of lithium-ion batteries may increase the fire risk, which —
based upon the particular chemistry — may be difficult to control.

Therefore, use and operate lithium-ion batteries strictly per manufacturer’'s guidance to reduce the risk of
failure, malfunction or even fire. Unwanted conditions may nevertheless occur over the lifetime of a battery
due to:

e Usage and application outside of design specifications

* Unauthorized modifications of batteries or their electrical and electronic control systems

* Physical damage to batteries (e.g. accident/impact, mechanical stress, extreme vibrations, etc.)
e Thermal stress; usage and application outside of given temperature bands

¢ Malfunction of the charging system and the electrical system in general

e Aging

In the worst case, the above-mentioned conditions may cause electrical short circuits within the battery
cells leading to thermal runaway and the release of flammable and explosive gases.

Burning gases escaping from affected battery cells may thermally abuse adjacent cells, creating a chain
reaction.

Gaseous components generated during a fire may involve the following substances:
e Volatile organic compounds

e Hydrogen

e Carbon dioxide

e Carbon monoxide

e Soot and particles made up of the oxides of Nickel, Aluminum, Lithium, Copper and Cobalt.
¢ Phosphorus-containing pentafluorides, POF3 and HF vapors

The application of water to cool and control lithium-ion fires may create hydrogen, hydrogen fluoride and
other toxic, corrosive, and flammable components which may present an increased risk to firefighters and
others. Particularly in enclosed or below ground charging and parking areas, the presence of toxic and
flammable gases may pose challenges that delay or preclude manual firefighting.

The release and generation of chemical products may also increase property damage due to
contamination and corrosive effects.

Besides the high energy content and the associated fire hazard of lithium-ion batteries, also consider the
fire load presented by the vehicle in general (both electric and conventional). With the wide-spread use of
plastic materials, the fire load presented by a vehicle has increased over the past decades.

Guidance
Modern car parking

Automatic sprinkler protection

Research shows automatic sprinkler protection may confine lithium-ion battery fires to their area of origin
(such as within a vehicle). Sprinkler protection offers a means to initiate an alarm, help stop fire spread
between vehicles and limit damage to the building structure. However, considering the location of
batteries inside a vehicle, it is unlikely sprinkler water will reach or cool the burning vehicle battery itself.

In view of recent research conducted for modern cars*, consider providing sprinkler protection designed
for Extra Hazard 1(EH 1) in accordance with NFPA 13 with at least 12.2 mm/min (0.3 gpm/ft?) over 230 m?
(2.500 ft?) or High Hazard Process 3 (HHP 3) in line with BS EN 12845 incorporating LPC Rules or VdS
CEA 4001.

* Research on modern car fires and their control is ongoing and may lead to different requirements.

Wet-type sprinkler systems are preferred. If dry-type sprinkler systems are installed due to ambient
conditions, design the dry-pipe system in line with applicable standard.

As with any fixed fire protection system, provide inspection, testing and maintenance in accordance with
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sprinkler standards and manufacturer's guidelines.

Electric vehicle charging indoors

Where electric vehicle charging and parking is located inside buildings, consider the following guidance.

Figure 1— Underground vehicle charging station inside with ventilation grid (Photo source: Zurich)

Charging station location

Locate charging and parking areas as close as possible to car park entrances or exits, preferably on the ground
level to facilitate public fire service access.

Compartmentation

Where the building is not dedicated to car parking, provide the car park area with at least a 1-hour fire-rated
separations from other building occupancies to reduce the potential fire and smoke damage to other building
areas.

Fire detection

Equip electric vehicle charging and parking areas with automatic fire detection. Locate fire detectors to monitor
the charging stations and electric vehicles. Automatically communicate alarms to a constantly attended
location where action may be taken to report the fire to the public fire service.

Ventilation

As discussed earlier, battery failure and thermal runaway events may involve the release of flammable gases.
Should this occur in a confined area (such as inside buildings), the flammable gases may accumulate and
develop into an explosion hazard.

Provide ventilation to keep flammable vapors below 25% of their lower flammable limit. This may involve
mechanical exhaust ventilation operating continuously or activated by combustible gas detectors.

Electric vehicle charging outdoors

Ideally, electric vehicle charging, and parking should be located at least 10 m (33 ft.) from combustible walls or
at least 7.5 m (25 ft.) from unprotected openings in non-combustible walls.

The hazard of a burning electric vehicle should be discussed with the public fire service and a pre-fire plan
should be established.

Electric vehicle charging stations

For charging stations, consider the following:
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Keep charging and parking areas for electric vehicles free of combustible materials other than the vehicles
themselves. Maintain a minimum distance of at least 2 m (7 ft.) to combustible materials other than vehicles.

Inspect charging stations at least daily and disconnect charging station from electric power where they
show signs of damage.

Provide adequate space and access for the public fire service to facilitate actions should a fire occur.

Provide designated cable holders (reels) near the charging stations and keep the cable lengths as short as
possible to help protect cables from mechanical damage.

Protect charging stations from mechanical impact.
Fixed charging stations are preferable to mobile charging devices.
For charging station electrical installation and distribution, consider the following:

- Have qualified contractors install charging stations in accordance with local regulations and
manufacturer’s specifications.

- Provide residual current devices to automatically disconnect the charging station from electric power
in case of a ground fault.

Install charging station isolation switches (disconnects) where they will be accessible during an electric
vehicle fire.

Automatically disconnect charging stations from electric power upon fire detection, sprinkler activation, or
electrical malfunction.

Provide inspection, testing, and maintenance of the electric vehicle charging systems in accordance with
local regulations and manufacturer’s specifications by a qualified contactor. Include annual thermographic
surveys.

Pre-fire planning for electric vehicles

Before installing electric vehicle charging stations, review the plans with the public fire service and insurers.
Mark the location of electric vehicle charging stations on the location fire plan.

Mark the location of fire hydrants and hose connections on the location fire plan. Where needed, provide
additional fire hydrants or hose connections. Verify the availability of a water supply that will support the
firefighting plan.

Advise the public fire service as to the location of electric vehicle charging stations.

Support the public fire service as they develop a pre-fire plan to access electric vehicle charging stations,
conduct firefighting activities, and remove fire-damaged vehicles. Verify the public fire service will have the
needed equipment, especially for the removal of fire-damaged vehicles.

Conclusion

Fire experience involving modern, electric, and hybrid cars indicate fires involving plastics and lithium-ion
batteries may be more challenging and difficult to control. The generally increased fire load of modern cars
due to the extensive use of plastic materials and the presence of high-energy-density batteries may pose an
increasing challenge to firefighters and fixed fire protection systems. The fire challenge may magnify if a fire
spreads from one car to another.

To reduce the challenges posed by modern vehicles as well as electric vehicle, consider the guidance
offered in this document.
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The information in this publication was compiled from sources believed to be reliable for
informational purposes only. All sample policies and procedures herein should serve as a guideline,
which you can use to create your own policies and procedures. We trust that you willcustomize
these samples to reflect your own operations and believe that these samples may serve as a helpful
platform for this endeavor. Any and all information contained herein is not intended to
constitute advice (particularly not legal advice). Accordingly, persons requiring advice should
consultindependent advisors when developing programs and policies. We do not guarantee the
accuracy of this information or any results and further assume no liability in connection with this
publication and sample policies and procedures, including any information, methods orsafety
suggestions contained herein. We undertake no obligation to publicly update or revise any of this
information, whether to reflect new information, future developments, events, or circumstances or
otherwise. Moreover, Zurich reminds you that this cannot be assumed to contain every acceptable
safety and compliance procedure or that additional procedures might not be appropriate under the
circumstances. The subject matter of this publication is not tied to any specific insurance product
nor will adopting these policies and procedures ensure coverage under any insurance policy. Risk
Engineering services are provided by The Zurich Services Corporation.

©2022 The Zurich Services Corporation. All rights reserved.
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