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1. INTRODUCTION

The present report gives an overview of the documents received by the FIEP Technical Secretariat (TecSec)
based on the survey on electric battery fire (July 2019)". Different type of answers and documents are
collected, those are either media articles, brochures or technical reports. The list of documents is
summarised and given in annex A of this report. Overall, these documents focus mainly on fire incidents
related to Lithium-ion (Li-ion) batteries. The term Li-ion refers to an entire family of rechargeable battery
chemistries, in which lithium-ions move from the negative electrode to the positive electrode during
discharge and back when charging. It is beyond the scope of this report to describe all of the chemistries
used in commercial batteries. However, it should be noted that Li-ion battery chemistry is an active area of
research and new materials are constantly being developed. Nowadays, they are the most widely used type
of rechargeable batteries and are common in home electronics, mobile electronics, medical applications and
industrial applications. Beyond consumer electronics, lithium-ion batteries are also growing in popularity for
military and electric vehicles as well as aerospace and marine applications. A more detailed description is
available in [1].

2. LIST OF ABBREVIATIONS

BLEVE: Boiling Liquid Expanding Vapour Explosion

ESS Energy Storage System

EV: Electric Vehicle

FAA: Federal Aviation Administration
FIEP: Fire Information Exchange Platform
ICAO International Civil Aviation Organization
IMO International Maritime Organization
Li-ion Lithium-ion

MS Member State

PT: Project Team

TecSec: FIEP Technical Secretariat

UN United Nations

3. FIRE RISKS DURING DIFFERENT LIFE CYCLE PHASES

3.1. MANUFACTURING/ PRODUCTION

Manufacturing of batteries poses considerable fire risks involved in different steps of the procedure, such as
raw material storage, production, packing and product storage processes. For instance, in 2014 a fire
occurred in a Li—ion factory in the city of Dogguan in China, causing 5 deaths and 6 injuries [2]. Not enough
information was received on this particular life cycle phase of the battery. However, there are existing safety
procedures for manipulation of chemicals in production sites. Indeed, the manufacture and safe disposal of
batteries is subject to Directive 2006/66/EC of the European Parliament Concerning Batteries and
Accumulators and Waste Batteries and Accumulators [3]. The requirements of this directive, which has been
amended several times since its adoption and is currently applied in several Member State (MS) regulations.
Additionally, manufacturing and packaging of Li-ion batteries must meet all of the recommendations found in
Section 38.3 of the United Nations Manual of Tests and Criteria, which are required for shipping by air, sea
and road.

The common fire risks are leakage of material, sparks or spontaneous ignitions that can occur in any of the
production steps, namely material mixing, coating, compressing, drying, slitting, stacking, welding, drying,
sealing, storage, and packing.

The basic components of a battery are:
- the electrodes with terminals to connect to the external circuit;
- aseparator to keep the electrodes apart and prevent them from shorting;

! The content of this report does not necessarily reflect the official opinion of Efectis/TecSec/FIEP on the topic.
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- the electrolyte which carries the charged ions between the electrodes;
- acase to contain the active chemicals and hold the electrodes in place.

Common cathode materials for lithium ion batteries involve strong oxidizing and reactive properties.
Chemical reactions releasing heat can therefore happen once the electrolyte is in contact with cathode
materials. Furthermore, moisture will cause the electrolyte to decompose with the emission of toxic gases.
Which is why such procedure is usually carried out in a dry room [4].

Contamination, physical damage and burrs on the electrodes are particularly dangerous since they can
cause penetration of the separator, leading to internal short circuits in the cell. Therefore tight tolerances,
automated processes and strict controls are usually implemented throughout the manufacturing process to
avoid fire hazards [5].

3.2. TRANSPORT

Manufacturing and packaging processes are keys to keeping Li-ion batteries safe during transportation. Li-
ion batteries may become a source of ignition if mishandled or heated to high temperatures or if produced
with manufacturing defects. If damaged during transportation some Li-ion batteries may release a flammable
electrolyte mixed with other flammable gas compounds. It is for these reasons that importers as well as
shippers of Li-ion batteries must ensure that their shipments meet all regulations that apply [6].

Li-ion batteries have proven to be dangerous and a risk to public health and property when improperly cared
for. Numerous incidences over the past few years have been documented involving Li-ion batteries during
transport. Examples include the 787 Dreamliner aircraft, fire damage to a marine vessel’'s engine room,
various makes of hovercrafts, and recent smartphones, just to name a few that have made news headlines.

Cell susceptibility to severe mechanical damage is a factor in cell shipping and handling. Indeed, damage
during handling can occur readily in a number of ways. Packages of cells, battery packs, or equipment
containing packs can be subjected to severe shocks (i.e., they can be dropped), crushes, and punctures
causing mechanical damage to cells. This susceptibility drives the transport packaging requirements for
sturdy containers. In particular, forklift operations can result in puncture of packages with forklift tines. A
1999 incident at LAX involving lithium primary (lithium metal) batteries was the result of a pallet tipping over
during transport via forklift and subsequent puncture of packages with the forklift tines in an attempt by the
forklift operator to right the pallet [5,7]. The mechanical abuse can be severe and result in immediate failure,
and cause shorting between cell electrodes, leading to localized cell heating that propagates to the entire cell
and initiates thermal runaway or it can be subtle, and create a flaw in the cell that results in an internal cell
fault much later (i.e., after the cell has undergone numerous cycles). Such abuse is most likely to occur
during transportation and installation. Which is why, many Li-ion batteries are shipped in a partially charged
state to limit the possible safety consequences. It is also recommended that packaging should be designed
to ensure that they are not punctured, dented or crushed as a result of any foreseeable accident [5,7].

According to a US Federal Aviation Administration (FAA) report, a total of 80 aviation incidents have
occurred involving lithium batteries between 2011 and 2016 [8]. The transportation of Li-ion batteries in
commerce is now regulated as a hazardous material (hazmat or dangerous goods) for all modes of
transportation. The regulations governing shipments of Li-ion batteries by aircraft between countries can be
found in the International Civil Aviation Organization’s (ICAQO) set of instructions and annexes that are
developed by The Dangerous Goods Panel within ICAO. For international vessel shipments, the
International Maritime Organization’s (IMO) International Maritime Dangerous Goods Code would take
precedence. Both of these organizations are specialized branches of the United Nations (UN) [9-12].

The UN Recommendations on the Transport of Dangerous Goods, Model Regulations, and Manual of Tests
and Criteria are primarily designed to ensure the safety of Li-ion cells, battery packs, and batteries contained
in, or packed with, equipment during transport. These regulations specify that in order to be shipped, Li-ion
cells or batteries must be able to pass a series of tests that have been selected to simulate extreme
conditions that cargo may encounter. The general requirements found within those regulations in order to
comply with the hazardous materials regulations are the following:
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- Formal training and record keeping is required of all employers who are involved in the
transportation of hazardous materials

- Manufacturing and packaging of Li-ion batteries must meet all of the recommendations found in
Section 38.3 of the United Nations Manual of Tests and Criteria.

- Packaging and quantity limits (if applicable) of Li-ion batteries being transported must be in
compliance with the mode of transportation being used. Specific declarations on way bills or bill of
ladings must be appropriate for the shipment

- All required markings and labels must be applied to the packaging as required by the regulations

- All packages must be adequately secured to prevent movement while being transported

In addition to requiring cells and batteries to meet UN testing requirements, most international transport
organisations also impose specific packaging requirements for shipment such as:

- Requiring that cells or batteries be separated to prevent short circuits

- Requiring “strong outer packaging” or UN specification packaging

- Limits on the numbers of cells or batteries placed in a single package

- Specific labels for outer packages

- Hazardous material shipping training for employees engaged in packaging cells or batteries for

transport

Special recommendations for transport of battery waste can also be found [13]:
- Precondition the lithium batteries and storage cells upstream from the collection circuit by
neutralising them (immersion in saline water) or by protecting their terminals;
- Implement a protocol suitable for the transport of damaged lithium batteries and storage cells:
handling at -20°C to freeze the liquids inside).

In 2016, Kiwa Nederland BV [10] conducted a test to determine if a condensed aerosol system is able to
achieve suppression and control of a fire in a lorry or container. The goal is to provide a safe way of
transporting new or used li-ion batteries after ignition of a battery. Based on the fire tests and the findings, a
FirePro condensed aerosol system was able to achieve suppression and control mode over a period of at
least 30 minutes, after ignition of a single 1.9 kWh battery with an aerosol density of 61 grams per cubic
meter. During this period, the temperature dropped to approximately 150°C, which was considered as a
temperature that enabled stopping the thermal reaction in a lithium ion battery.

3.3. STORAGE

Storage strategies have been developed to help manage the associated risks, more specifically, an effective
strategy for storing Li-ion batteries is to provide fire containment and suppression systems that would deal
with the fire event. Since suppressing a Li-ion battery fire is best accomplished by cooling the burning
material, primary consideration is that batteries are housed in environments that feature fire suppression
systems that extinguish through cooling.

In 2016, American insurance company FM Global along with the Property Insurance Research Group and
the National Fire Protection Association’s Fire Protection Research Foundation released data and guidance
relative to flammability characteristics of Li-ion batteries [5,14—-17]. The report, which detailed large-scale fire
tests of Li-ion batteries in warehouse storage, represents the first sprinklered fire tests of Li-ion batteries.
The test results confirm the following:
- Bulk storage of small-format Li-ion batteries exhibits similar fire growth as cartoned commodities
- The time required for involvement of Li-ion batteries in a fully developed fire is on the order of 5-
minutes
- Li-ion batteries present several unique fire hazards when involved in a fire, due to the ignitable
electrolyte liquid contained within such products
- Densely packed Li-ion cylindrical cells behave differently than Li-ion power tool packs in such fires
- Early fire extinguishment and cooling of the Li-ion batteries in bulk format is imperative to properly
protect a facility
- Existing protection solutions used for other types of high hazard products and materials can be
effective for protecting Li-ion batteries stored in bulk arrangements.
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These conclusions provided the basis for sprinkler protection recommendations for small-format lithium-on
batteries in bulk storage. Caution should be taken when extending these guidelines to Li-ion storage
arrangements that are different in packaging, battery size, configurations, etc.

Another strategy is that Li-ion batteries should be isolated from other battery chemistries and commodities
(storage, transport, etc.). They should be stored (shipped) in environments that would effectively contain fires
and smoke. Close attention should be paid to isolating batteries from general facilities by developing external
storage or “satellite” storage. Battery storage farms would allow for storage off-site with punctual delivery of
batteries to a facility when needed.

Batteries should be partially charged during storage. Most manufacturers recommend a 40% charge. The
storage of equipment that incorporates Li-ion batteries (power tools. cell phones, laptops, etc.) does not
present the same hazard as battery storage because the equipment that typically encases the batteries
significantly delays their involvement in a fire incident. Therefore, protection for the storage of these items
can usually be based on the commodity classification of the product. This will typically be driven by the
housing of the product, the packaging and the pallet.

3.4. USAGE

3.4.1. Common causes

Rechargeable batteries are often found in mobile phones, laptops and tablet computers, satellite navigation
equipment, radios, and for many other applications. Numerous incidents worldwide have been associated
with batteries causing smoke, fire, extreme heat or explosions on passenger and cargo planes; a significant
number of which have been associated with lithium ion batteries. Most failures have been the result of
inappropriate packaging or handling, which caused damage or electrical short circuits. Although the
development standards for Li-ion batteries and accumulators have been improving steadily in recent years,
accidents and fires are still caused by uncontrolled releases of the battery’s chemically stored energy due to
the following [1,18]:

- Structural defects

- Technical defects

- Improper use, such as

* Mechanical damage caused by dropping, damage to the protective casing caused by
pointed objects, bending (internal short circuits),

* Over-Voltage: If the charging voltage is increased beyond the recommended upper cell
voltage, typically 4.2 Volts, excessive current flows giving rise to two problem: lithium plating
and overheating

+ Heat combined with a full charge is said to induce more stress to Li-ion than regular cycling

* Internal problems: excessive vibration, thermal strain caused by external heating (internal
short circuits) and charging Li-ion below freezing

3.4.2. Example of applications

3.4.2.1. Electric vehicles

Over the last decade, electric vehicles (EV) have significantly changed the car industry globally, driven by
the fast development of Li-ion battery technology. However, the fire risk and hazard associated with this type
of high-energy battery has become a major safety concern for EVs. An exhaustive list of electric vehicle fire
incidents in provided in [19-21]. For instance, in Norway, 51.4 % of new vehicle registrations in January
2017 were electric vehicles (17.6 %) and hybrid vehicles (33.8 %), according to the Norwegian Road Traffic
Information Council [22].

In EVs, the battery is generally of significant size and mostly placed beneath the seats. The battery pack
mostly consists of several battery modules, each of which consists of many cells. A serious malfunction of
the batteries or the control system can potentially result in a thermal runaway. The reason may be
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overcharge, electrical fault, an external fire or heating source. A thermal runaway normally occurs when the
temperature is in a range of 150°C to 250°C, and in that case, combustible gases are released in the
surrounding compartment.

A thermal runaway due to overcharging or short circuits could also result in different types of explosions
[22], including boiling liquid expanding vapour explosion (BLEVE), deflagration and detonation. Another
hazard is the jet fires which may correspond to much higher gas temperatures compared to those in
traditional vehicle fires. If the flame impinges on the tunnel structure, as it would mostly be in a large fire, the
tunnel structure, e.g. concrete, could be damaged after a certain exposure. This indicates a possible need
for higher requirement for thermal resistance of the tunnel structure.

EV fires are also harder to suppress compared to traditional vehicle fire due to the difficulty in cooling the
battery pack inside and because of the potential re-ignition of battery. Water is considered as most effective,
however a significant amount of water is required to extinguish and cool the battery [21]. Consequently, fire-
protection systems need for buildings and parking spaces that contain a great number of EVs and charging
stations need to be well designed and adapted to such scenarios.

At present many fire brigades are not fully equipped to deal with a fire resulting in thermal runaway, as was
demonstrated at the scene of a fatal accident where the vehicle was left to burn out over a period of six
hours, only to reignite on the recovery vehicle and then again 24 hours later [23]. The fire chief commented
he was reluctant to pump the recommended 3,000 US gallons (11,370 Litres) of water into the car as he had
concerns about possible dangerous pollution from battery chemicals being washed into the environment.
Tesla cars have stickers inside the rear boot with instructions showing the main power delivery should be cut
with a disc cutter in case of a battery fire.

It is clear that more knowledge is necessary to prepare the fire brigade when it comes to fire safety of EVs,
both in terms of risk management and incident management [19,20,24].

3.4.2.2. Airplanes

One of the most serious impact of battery failure arose as a result of at least four occasions of electrical
system problems on Boeing 787 Dreamliners [25]. These led to the Federal Aviation Authority (FAA)
ordering a review of the design and manufacture of the airliner, as a result of which the problem was traced
to overheating of lithium ion batteries. The problem was so serious that at least one airliner had to execute
an emergency landing, with the evacuation of passengers down the emergency chutes. The subsequent
grounding of the entire fleet of these aircraft during the FAA enquiry led to a serious disruption of business
for several airlines, as well as a loss of reputation of the manufacturers of the aircratft.

3.4.2.3. E-bikes

In the Netherlands, worries have increased after an electric bicycle battery spontaneously caught fire
causing severe damages [26]. Similarly, in 2019 in San Francisco, batteries of a couple of electric bicycles
appeared to catch fire. In response, thousands of e-bikes in San Francisco became “unavailable to riders”
[27].

Insurance companies also noticed that e-bike batteries are posing an increased risk to companies and
dealers that stock them. Insurers can therefore require additional measures for safe storage and handling.

The transport of e-bike batteries is tackled by the “Accord européen relatif au transport international de
marchandises Dangereuses par Route”. This is referred to as ADR and is the pan-European treaty for the
international transport of dangerous goods by road. Additionally, in some MS such as the Netherlands, it is
stipulated that a prevention officer is to be appointed at companies where dangerous goods such as e-bike
batteries are present. However, there are no rules requiring this to be an ADR-trained employee.

General safety recommendations on storage and handling of e-bikes are listed below [26]:
- Always charge e-bike battery in staff presence; not at night.
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- If a battery is dropped, preventive check is recommended. Check with the owner if the bike including
battery has ever been dropped.

- Do NOT try to put out battery fires with classic extinguishing agents such as CO,, powder or foam.

- Put out fires with abundance of water.

- Covering and extinguishing an ‘inflated’ battery can also be done with sand.

- Refurbishing batteries only advisable if refurbishing company complies with all the rules. Partial cell
replacement in existing battery is strongly discouraged. After refurbishing, the battery must (again)
comply with EN50604 standard and UN 38.3 standard.

- Purchase special battery storage container with integrated certified lithium extinguishing system.

3.4.2.4. Energy storage systems

Li-ion battery-based energy storage systems (ESS) are in high demand for supplying energy to buildings and
power grids but under scrutiny for recent fires and explosions. There are many types of batteries that use
different chemical components, all of which react differently to fire. One of the most commonly found types of
battery is the Li-ion battery, it has become popular because it is lightweight and is able to store a lot of
energy in relation to its size. It also functions well when it is recharged and the power can be stored for
longer periods without losing any voltage. However, like in other applications, Li-ion batteries are vulnerable
to “thermal runaway,” leakage of ignitable gases and subsequent combustion. In many countries there are
not yet many rules governing the set-up of batteries in their building codes or standards for how they are to
be installed with fire safety in mind.

Very few research has been conducted into how to ensure fire safe buildings with batteries or how to
approach batteries in a building with a view to extinguishing them if for example a fire breaks out in a power
pack installed in a block of flats. Research is necessary because, for example, different batteries react
differently to different extinguishing agents. A Li-ion battery can be extinguished using water in reasonable
amounts. However, if you spray water on a lithium battery, there is a risk that the lithium mixed with the water
can develop into the flammable gas, hydrogen. In the context of fire technology, it means that different
batteries require different fire technology initiatives [28].

In 2019, FM Global shared publicly a technical report on the development of Sprinkler Protection Guidance
for Lithium lon-Based Energy Storage Systems [15]. Small- to large-scale fire tests were conducted on ESS
sized for commercial applications such as manufacturing, office-building power generation and utility use.
This research yields specific recommendations for safe separation between full-scale ESS racks and other
objects, providing a fundamental basis for evaluating hazards in other Li-ion ESS configurations.
Among the key findings:

- Sprinklers are effective in delaying or preventing fire spreading to adjacent racks.

- Separation between ESS and other combustibles is essential to effective fire protection.

- A fire watch should be present until all potentially damaged ESS equipment containing Li-ion

batteries is removed from the area following a fire.

In the Netherlands, a guide was prepared to help shape a regulatory framework with regard to ESS [29]. It
was developed by the Regions Haaglanden and Rotterdam-Rijnmond and other national bodies but is not an
official regulatory document. This guide is intended for ESS with an installed minimum capacity greater than
or equal to 25 kWh based on Lithium lon batteries with fluorine-containing electrolyte. The guide starts with
an explanation of the application, use and dangers of Li-ion batteries and accumulators and then provides
recommendations on measures for the safe placement and use of an ESS. This guide is intended for
everyone involved with ESS in terms of placement and licensing, such as producers, suppliers, owners,
municipalities, safety regions, network operators, etc.

3.4.2.5. Electronics

Multiple fire incidents involving lithium ion batteries took place in the last decades, to cite a few [25,30-32]:

- More than 4.2 million batteries being recalled following a number of fires in Apple laptop computers.
A problem was identified in some of a batch of Sony batteries had incorporated metal particles
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during the manufacturing process that could puncture the polymer layers separating cathodes and
anodes, triggering short circuits.

Similarly, a Dell laptop caught fire at a conference in Osaka, Japan, and footage of the incident was
widely viewed on the Internet, damaging the reputation of the manufacturers of the equipment.

In July 2007 Toshiba announced a recall of 10,000 lithium ion batteries which had also been
installed in Dell and Hewlett Packard laptop computers or supplied as service replacements. This
followed 19 reports of the batteries overheating, including 17 reports of flames or fire with 10 of these
resulting in minor property damage. Two consumers experienced minor burns.

In 2017, Samsung has blamed Li-ion batteries for causing its Galaxy Note 7 mobile phones to
overheat and catch fire, a fault that led to the global recall of millions of devices and damaged
consumer confidence in the world’s biggest maker of smartphones.

The battery for a radio controlled helicopter was placed on a workbench on charge; just 50 minutes
later the fire alarm sounded and intense flames and smoke were seen coming from area of the
battery pack. An investigation after the fire had been extinguished by the fire and rescue service
revealed that the battery had been totally discharged and had suffered impact damage during use
prior to charging.

3.4.3. Recommendations

3.4.3.1. Discharging

Many recommendations can be found in the documents received by the TecSec following the survey sent to
the FIEP members in July 2019; those recommendations can be applied to all types of batteries during their
usage and are as follows [25]:

Avoid the use of carbon zinc batteries. Although they are cheap and readily available, leaking
batteries release corrosive electrolyte which will damage metallic components of electronic
equipment. Alkaline batteries are a satisfactory alternative in virtually all applications and have the
advantages of having a higher energy density, longer shelf life and improved high and low
temperature performance.

Batteries should not be carried in pockets as coins. Keys and similar metal items can cause shorting
leading to overheating, burns or ignition.

All tools used in the installation and maintenance of batteries should be suitable for battery work, for
example, electrically insulated and acid resistant.

Metallic items worn by operators (such as bracelets and neck chains) should be prohibited when
working on large batteries to prevent short-circuiting.

No attempt should be made to repair or bypass cells in large batteries in order to extend their life.
Cells in large batteries should not be subject to reverse polarity or be short circuited. In the event of
this occurring as a result of cell failure, fuses are incorporated into the design of the units to prevent
the energy in one string being ‘dumped’ into neighbouring cells.

3.4.3.2. Charging

Recommendations for charging batteries are as follows [25]:

Care must be taken to avoid charging non-rechargeable batteries

Care must be taken to avoid to use the wrong type of charger

Following a period of charging, batteries should be allowed to rest for a short while before use.
Following use, batteries should be removed from equipment for recharging or storage in a dry, cool
place. Leaving batteries in place in equipment that is infrequently used may lead to corrosion if
forgotten for some time.

The fixed wiring, including the connections to battery chargers, should be tested periodically by a
competent electrician and in accordance with the current standard

Where a portable charger is in use, it should be sited by a competent person so that it is positioned
on a level, firm surface with leads long enough to attach to the batteries with which it is designed to
be used without placing them under stress.

Portable chargers should be inspected periodically and may need to be tested more often as
determined by a risk assessment.
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Some small proprietary products such as electronic cigarettes contain lithium ion batteries. When
charging, they should not be covered and it is advisable that they are not left on charge while
unattended. Lithium ion batteries should not be overcharged.
The charging of vehicles and large batteries should be carried out in a separate building of non-
combustible construction reserved for this purpose or in a specially designed charging area.
Charging areas should preferably be located in single storey buildings and be separated from other
areas by fire resisting construction, including door sets, offering at least 60 minute’s fire resistance.
Charging areas should be well ventilated direct to the outside at high and low levels; this may be
achieved by air bricks in an external wall. There should be no potential sources of ignition in the
vicinity of the vents.
It is imperative that the correct charger designed for use with that particular product be used. This
will ensure that the battery charging commences at the right level and ceases before overcharging
occurs (in some cases not observing this may be detrimental to the life of the battery or be
hazardous).
Different types of batteries should not be charged together in the same charger.
Where batteries of the same type are charged together in the same charger, they should also have
the same nominal capacity.
When purchasing battery chargers it should be ensured that they are capable of fully charging the
product with which they are intended to be used. Some proprietary battery chargers are not capable
of fully charging high capacity cells and ‘smart’ chargers are necessary for some forms of cell which
cannot be safely or effectively charged by application of a constant voltage.
When inserting batteries in the charger, checks should be made to ensure that the polarity is correct
and they are correctly located and secure before commencing charging. Poor contact with the
charging pins can result in localised overheating.
Any charger reported to be faulty, have damage or chaffing of cables should be taken out of use
immediately and be inspected and repaired by a competent electrician before being returned to
service.
Where multiple chargers are in use, great care must be taken that the correct chargers are used for
the batteries concerned. To this end, there should be a clear notice at each charging point identifying
the type of battery and/or equipment for which it is suitable.
A check should be made that existing chargers are suitable before the first attempt is made to
charge new batteries.
The temperature of the charging area should not be such that overheating may occur during the
charging process. Battery cells should not be subject to temperatures in excess of 60°C in operation
or 70°C during storage. In some instances, for example when charging some forms of lithium
batteries, care should be taken that the temperature is above the minimum ambient temperature
indicated by the manufacturer or supplier to ensure an efficient charging process.
Similarly, excessive temperatures should be avoided when battery operated equipment is in use;
leaving equipment exposed to direct sunlight should be avoided wherever practicable.
All wiring and equipment must be suitable for its location and able to operate satisfactorily without
deterioration throughout its working life. Charging points should therefore be protected from the
environment during construction and use.
Because charging of large batteries will often continue outside normal working hours, charging
points should be:
+ physically separated from process and storage areas, by a form of construction providing at
least 60 minute’s fire resistance;
+  provided with suitable power supplies, control and isolation systems;
+ protected by suitable fire detection and warning installations;
+ subject to an emergency action plan to protect life and property and ensure the continuing
functioning of the business in the case of fire; and
« carefully managed by staff trained in the safe charging of batteries and the actions to take in
the event of fire, including the safe shut down of the charging process and evacuation of the
premises.
Time switches may be used to operate chargers but a charging process should always be started
manually and monitored for a short period before being left to operate unattended.
Lithium polymer batteries should be stored and charged in a proprietary fire safe container; they
should not be left to charge outside of normal working hours. They should be charged only with a
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charger designed specifically for lithium polymer batteries; other forms of charger must never be
used.

- Care should be taken to charge batteries within the parameters set by the manufacturer. Lithium
batteries in particular (such as those intended to power motorcycles), must not be overcharged.

- The use of temporary extension leads and adaptors for battery chargers should be avoided. Where
their use is necessary in an emergency, reeled cables should be fully unwound and extension leads
should not be ‘daisy chained’. Before use, a competent electrician should check that the circuit is not
being overloaded.

- No attempt should be made to modify charging equipment for any other use.

- No attempt should be made to charge primary alkaline batteries and care should be taken not to
inadvertently introduce these into chargers designed for secondary alkaline or other cells of a similar
size.

- If a battery on charge starts to distort or swell it should be disconnected immediately and removed to
a safe area. The battery should then be kept under observation for at least 15 minutes for signs of
leakage or a fire resulting from overheating or the contents coming into contact with the air. Lithium
polymer batteries are particularly hazardous in this respect.

3.4.3.3. Firefighting

Some of the main issues discussed among fire brigades are the problematic of the intervention and
suppression of electric battery fires. The main feedback is that they cannot be extinguished using normal
Standard Operational Procedures (SOP) as there is a risk of electric shock if an EV battery is charging when
catching fire or if energy storage systems are connected to photovoltaic panels.

The battery thermal runaway is usually accompanied by the ejection of a large amount of dark smoke, hot
sparks, and powerful jet-flames [33]. This smoke consists of a mixture of flammable and toxic gases [21].
The latter are, for example, hydrogen fluoride (HF), hydrogen chloride (HCI), hydrogen cyanide (HCN),
carbon monoxide (CO), etc [33-35]. While EV fire may release more toxic gasses from burning Li-ion
batteries, nevertheless, existing test results have revealed that the heat release rate of EV fire is comparable
to that of the fossil-fuelled vehicle fire [21]. However, adding water to a lithium fire can rekindle the flame and
cause the release of flammable hydrogen, though water remains necessary for cooling and to avoid the
dispersion of toxic fumes [13].

Overall, Li-ion batteries present the fire brigades with four different kinds of hazards [36].
1) The possibility of electric shock, especially when charging.
2) Important heat release that is difficult to extinguish.
3) Potential release of toxic fumes
4) Projection of glowing particles

Guidelines for fire rescue services were developed in different countries to help mitigate the risk when
encountering an electric vehicle fire [36—39]:

Pre-attack

- Park uphill and upwind.

- Establish an appropriate incident command structure.

- ldentify the type of vehicle involved — standard vehicle, EV, hybrid electric vehicle, high fuel
economy, etc.

- Communicate to all emergency responders that an alternative fuel vehicle is present and the location
of its associated hazards

- Use a thermal imaging camera to help with the 360 size-up.

- Establish tactical priorities (rescue, fire, extrication, victim care).

- Consider that this could be a combined fire, extrication and hazmat incident.

Attack
- Wear full personal protective equipment and self-contained breathing apparatus.
- Secure a large, continuous and sustainable water supply — one or more fire hydrants or multiple
water tenders.
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- Use a large volume of water such as master stream fire lines to suppress and cool the fire and the
battery.

- Treat all conductive surfaces as if they are energized until they are proven to be safe.

- Stabilize the vehicle.

- Power down, if possible.

Post-attack
- Have enough fire personnel and apparatus on scene for an extended operation to monitor the
battery’s heat or possible re-ignition.
- When turning the vehicle over to a wrecker or towing company, brief their personnel on the hazards.
- If possible, follow the wrecker to the storage area, and place the battery-powered vehicle in a space,
preferably an area 50 feet (15 m) away from other vehicles, buildings or combustibles.

3.5. DISPOSAL & RECYCLING

The manufacture and safe disposal of batteries is subject to Directive 2006/66/EC of the European
Parliament Concerning Batteries and Accumulators and Waste Batteries and Accumulators [3]. These
regulations came into force because in the 1980s batteries commonly contained hazardous elements such
as mercury, cadmium, and lead, which, when incinerated or disposed of in landfill, presented a risk to the
environment and human health. The ‘Battery Directive’ explicitly bans certain chemicals and metals in
batteries. It sets maximum quantities of chemicals and metals in batteries and requires proper waste
management, including recycling, collections and ‘take-back’ initiatives. However, fire incidents in waste
facilities occur on daily basis worldwide and many of these incidents are related to electric batteries. To cite
a few examples:

* In a hazardous waste management site in the United Kingdom in 2007, a violent fire broke out in an
area designated for the storage of drums of used chemicals and solvents. An explosion occurred
among the drums, resulting in the projection of hazardous waste. More than 132,000 litres of
chemical products burned. The start of the fire was attributed to spontaneous inflammation of lithium
batteries. The batteries in question had been stored in containers normally used to hold clinical
waste, non-watertight and unsuitable for storing used lithium batteries. The batteries were being
stored close to various incompatible materials and appropriate separation rules (flammable liquids,
toxic products, corrosive products) were not respected [13].

+ A battery and storage cell recycling centre in France in 2010, a fire broke out in a compartment
containing used lithium batteries. The automatic powder-based extinguishing system was unable to
contain the fire which spread to other cells used to store other types of batteries (lead, mercury,
nickel-cadmium) and miscellaneous sub-products (scrap metal, nickel hydroxide). Employees from
nearby companies were evacuated and examined due to exposure to toxic fumes released
(sulphuric acid and lithium hydroxide). The 1,000 m2 building was destroyed and batteries were
thrown 200 m from the accident site. The potential projectile effect due to fire in the lithium battery
storage area had not been considered in the operator's hazard study. The extinguishing water was
pumped and disposed of as hazardous waste (heavy metals, phenols and PCBs were detected) [13].

- On the 23" May 2015, nine drums of lithium batteries caused an explosion in a company
specialising in the recovery of electrical and electronic equipment in France. Owing to the reaction
produced, some lithium batteries were projected several meters away and ignited plastic “dry cell
fence batteries” stored nearby on pallets. Due to a misunderstanding between the operator and the
fire brigade, the firefighting system's containment valve was closed late. Extinguishing water
contaminated by the lithium batteries was discharged into the industrial estate's wastewater network.
The site specialises in the manual sorting of various types of batteries (alkaline, saline and lithium)
received from environmental organisations. Alkaline and saline batteries are ground up on site
although primary lithium batteries are stored in drums with vermiculite pending their shipment to
processing installations. Lithium batteries are normally stored under shelter in 2 bunkers. On the day
of the accident, the bunkers were full and drums had been placed in front of the access doors. The
operator had, unsuccessfully, made repeated requests to the green organisations to take the battery
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stocks to the approved outlets. It was the drums stored outside that reacted, due to unknown
reasons (no change in temperature or other specific meteorological factors). The operator took
several measures following the accident, such as: implementation of a procedure to quickly remove
drums from bunkers as soon as the stock reaches 80% of the maximum authorised quantity;
installation of an explosion-proof system to limit the effects of an explosion in the bunkers; gathering
of feedback on the storage methods used for primary lithium in France and Europe, and analysis of
the possibility of an alternative storage medium on its own site [13].

Beyond accidents in facilities dedicated to the processing of lithium batteries and storage cells, many events
are related to such elements that pass through the “wrong system” and end up where they should not be.
Theoretically, batteries and storage cells should be removed from equipment that is no longer operational
before being deposited at a collection point. However, it is often overlooked and such batteries and storage
cells are thus collected via other sectors and not by the eco-organisations of the battery/storage cell sector.
In addition, many lithium batteries (particularly smartphone batteries) are found in non-hazardous waste
sorting/transit centres, often because private individuals dispose of them in household waste. These
batteries and storage cells are a real challenge for sorting/transit centre operators because they are almost
impossible to find in a waste heap. Nevertheless, accidents can easily arise from contact of batteries and
storage cells with flammable waste [13]

A list of recommendation is provided to minimise the risk of fire and other hazards [3,13,25,40]:

For consumers:

- Train all parties in the specific risks (see table below extracted from [25]

- Do not discard batteries and storage cells with general household waste

- Remove batteries and storage cells before they are brought to the collection point

- Small non-combustible receptacles should be used to collect waste batteries in the workplace with
the contents being periodically transferred to a larger container outside the premises. This may need
to be undertaken daily to prevent large numbers of batteries from accumulating. Collection points for
batteries should not be sited on escape routes.

Storage/Sorting/Processing:

- At the end of their working life, batteries should be recycled and not sent to landfill. Although there
are only trace amounts of heavy metals in most batteries and lithium has little scrap value, the
recovery of copper, nickel and cobalt makes the recycling process economic.

- The receptacles should be made of a non-conductive material with a high melting point, such as a
thermosetting plastic. Care should be taken to ensure that extraneous metallic items such as silver
foil, wire wool and paper clips are not introduced into the container to prevent shorting of battery
terminals and fires.

- Containers for the bulk storage of waste batteries outside the premises should be constructed from
non-combustible, non-metallic material and be sited away from the buildings.

- Waste batteries should be protected from the effects of the weather while awaiting disposal by a
specialist contractor or the supplier in accordance with the requirements of EU Directive 2006/66/EC

- Waste lithium polymer batteries should be packaged individually in a proprietary fire safe container
and be removed from the premises as soon as they are identified as no longer being required. They
should not be stored, even temporarily, in waste battery receptacles.

- Outside the premises lithium polymer batteries should be segregated from other batteries and be
stored in a closed metal container to await safe disposal.

- Implement operating instructions to limit the risk of accidents during periods of reduced activity:
manage the receiving times for better monitoring

- Be particularly vigilant during handling to avoid drops, impacts

- Avoid reactions between wastes: develop written procedures for waste acceptance checks to
prevent reactions between incompatible or unstable wastes, including lithium batteries

- Take preventive measures and feedback into account for appropriate organisation of storage
facilities: safety distances from flammable materials (consider the risk of projectile effect), firewalls,
isolation rules, sorting of batteries by type, consideration of the risk of incompatibility with other
waste/products, vigilance on the nature of the containers used (avoid the introduction of water).

- Provide the appropriate extinguishing agents (powder or sand for metal fires)
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Prevent the occurrence of degraded operating situations: do not delay processing, evacuate stocks

of batteries and storage cells awaiting shipment to their processing site before reaching the

maximum available capacity

Regarding ELV, if batteries are left connected in un-depolluted vehicles they can short circuit and

cause fires. It is therefore recommended to disconnect or remove batteries from un-depolluted

vehicles before they are stockpiled for depollution.

Crush Explosion  Fire hazard Self Hydrogen Toxic Leakage
hazard hazard heating production hazard hazard
hazard
Primary
batteries
Carbon zing x * % ® " ® v Recycle
Zinc chioride % *® *® ® x® ® v Recycle
Alkaling ® ® % ® ® ®! Recycle
Lithium button v v v X * x ® Recycle
Mercury (Ha) Retum fo
v * * * * v * producer
Silver axide v v * ® Recycle
Zinc air v * % v Recycle”
Secondary
batteries
Lead acid v v ® * V' v e Recycle
Alkaline Recycle
® ® ® ® x ® ®
rechargeable
Lithiurm iion Ratumn to
v v v
(Li-ior) v * * * praducer
Lithium polymer Retum to
Li-Pa) v v v vy % % v producer
. ) Retum to
Mickel cadmium y x « « « v , producer
(NICd)
Nickel met Retumn to
hydride (NiMH) v % % % v % " producer
Seek
Fuel cells MR e v *® W *® v specialist
advice

Summary of the hazards associated with some common types of batteries extracted from [25]

Notes: 1 in normal use; 2 Do not immerse in water; 3 Depending on the type of fuel
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4. CONCLUSIONS

Different type of answers and documents were collected following the FIEP survey on battery fires, ranging
from media articles and brochures to technical reports. Most fire incidents were related to Li-ion type of
batteries throughout each step of their life cycle, which is from their production to their disposal & recycling.
A significant number of fire incidents causing smoke, fire, extreme heat or explosions have been associated
with lithium ion batteries since they are widely used in electronics, industrial applications, electric vehicles,
energy storage systems, as well as aerospace and marine applications. Despite the massive advantages of
Li-ion batteries, their fire safety risk is a main weak point: most failures have been the result of inappropriate
designs (defects) or handling (e.g. overcharging), which caused damage, electrical short circuits or a thermal
runaway, thus fire.

Lists of fire safety measures can easily be found each type of application, however for fire interventions there
are many questions that remain unanswered, especially when it comes to electric vehicles in parking spaces
or energy storage systems installed in houses or buildings (i.e. linked to photovoltaic panels).

Overall, Li-ion batteries present the fire brigades with three different kinds of hazards, the possibility of
electric shock, especially when charging, important heat release that is difficult to extinguish, and potential
release of toxic fumes and projection of glowing particles.
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Fire safety in building regulations in England - No mention of
batteries

Fire tests of Li-ion batteries ESS and sprinkler systems
Various media clipping regarding fires and batteries
Summary of the replies received from the members of the
FEEDS (European Forum for Domestic Electrical Safety)

Statistics of vehicle fires due to battery ignition and
statistics of fire due to battery ignition in electrical
equipment (mobiles, laptops.... Problematic of how to
better extinguish battery fires is under investigation.

Short list of recommendations for first responders if there is
a car fiie on how to analyse and reduce the risk

Overview of risk from li-ion batteries

Review of risk from electric vehicles in parkings
Sprinklers for Li-ion batteries stored in cartons

Definitions and recommendations for the storage, use and
disposal of all types of batteries

Overview of: Li-lon batteries and their failures

Flammability of cartoned Li-ion battery products

Sprinklers for Li-ion batteries stored in cartons

Li-ion batteries presents the fire brigades with three kinds of
hazards. The possibility of electric shock, potential release
of toxic fumes and important heat release.

Determining fire protection guidance for warehouse storage
of cartoned Li-ion batteries.

investigation of fire and explosion hazards of different types
of alternative fuel vehicles (iquid fuels, liquefied fuels,
compressed gases, and electricity) in tunnels,
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