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IMPORTANT NOTICE

This document has been developed through the RISCAuthority and
published by the Fire Protection Association (FPA). RISCAuthority
membership comprises a group of UK insurers that actively support
a number of expert working groups developing and promulgating
best practice for the protection of people, property, business and the
environment from loss due to fire and other risks. The technical expertise
for this document has been provided by the Technical Directorate of
the FPA, external consultants, and experts from the insurance industry
who together form the various RISCAuthority Working Groups. Although
produced with insurer input it does not (and is not intended to) represent
a pan-insurer perspective. Individual insurance companies will have their
own requirements which may be different from or not reflected in the
content of this document.

The FPA has made extensive efforts to check the accuracy of the
information and advice contained in this document and it is believed to
be accurate at the time of printing. However, the FPA makes no guarantee,
representation or warranty (express or implied) as to the accuracy or
completeness of any information or advice contained in this document.
All advice and recommendations are presented in good faith on the basis
of information, knowledge and technology as at the date of publication of
this document.

Without prejudice to the generality of the foregoing, the FPA makes no
guarantee, representation or warranty (express or implied) that this
document considers all systems, equipment and procedures or state-of-
the-art technologies current at the date of this document.

Use of, or reliance upon, this document, or any part of its content, is
voluntary and is at the user’'s own risk. Anyone considering using or
implementing any recommendation or advice within this document should
rely on his or her own personal judgement or, as appropriate, seek the
advice of a competent professional and rely on that professional’s advice.
Nothing in this document replaces or excludes (nor is intended to replace
or exclude), entirely or in part, mandatory and/or legal requirements
howsoever arising (including without prejudice to the generality of the
foregoing any such requirements for maintaining health and safety in the
workplace).

Except to the extent that it is unlawful to exclude any liability, the FPA
accepts no liability whatsoever for any direct, indirect or consequential
loss or damage arising in any way from the publication of this document
or any part of it, or any use of, or reliance placed on, the content of this
document or any part of it.
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SCOPE

This document aims to provide practical guidance to insurers and
their clients on fire hazards and appropriate control measures
associated with the selection, storage, charging and use of
batteries in commercial and industrial premises.

The charging of batteries in vehicles and mobility scooters is
addressed in RC59: Fire safety when charging electric vehicles
(ref 1) and is thus outside the scope of these recommendations.
Similarly, recommendations for the use of fork-lift trucks (and
similar items of plant which are not designed for the transport of
personnel) are addressed in RC 11: (ref 2) and are also outside the
scope of this document.

While this document refers to the storage of batteries on site while
awaiting disposal at the end of their useful working life, it does
not address the processes associated with the handling of the
batteries following their removal by a licensed waste carrier.

SYNOPSIS

The recommendations are intended to provide guidance relating
to the fire hazards and control measures associated with the
selection, charging, storage and use of batteries. The batteries
considered range from those used in small and hand-held
appliances to large packs providing power for vehicles.

While primarily intended for commercial and industrial applications,
the guidance is also applicable to the domestic environment.

Although not the primary focus of the document, reference is
made to secondary (rechargeable) cells and the disposal of all
forms of batteries following the end of their useful life.

DEFINITIONS

Electric vehicle:

The term electric vehicle is used generically in this document to
relate to any form of vehicle, be it a car, mobility scooter or truck,
whether powered exclusively or in part by electric power.

Mobility scooter:

In this document the term mobility scooter is used to refer to both
Class 2 and Class 3 machines as defined in the Use of Invalid
Carriages on Highways Regulations 1988 (ref 3). (Class 2 scooters
are designed for use on the footway, travelling at speeds of up to
4mph. Class 3 scooters may be used on the footway at speeds of
up to 4mph or on the road, where they may travel at up to 8mph).

Anode:
The negative terminal of a battery or cell that releases electrons
during the production of an external current.

Battery:

A device that converts chemical energy into electrical energy. It
consists of one or more Voltaic cells connected in series. Each
cell consists of an anode or negative electrode and a cathode, or
positive electrode, separated by an electrolyte. The electrodes
cause negatively charged ions (anions) and positively charged
ions (cations) to migrate to their respective electrodes. This leads
to the build-up of electrical charge between the electrodes which
may be used to power external devices.

Button cell:

A small round battery with a diameter greater than its height,
which is used for special purposes such as hearing aids, watches,
small portable items of equipment and back-up power supplies.

Cathode:
The positive terminal of a battery or cell that accepts electrons
during the production of an electric current.

Electrolyte:
The conducting medium between the anode and the cathode in
acell.

Large battery:

In the interests of safety, reference to a large battery in this
document is considered to be a battery, or number of batteries
connected in series, providing more than 50Volts. (But it should
be noted when considering safety, that it is the current flowing
through the body, rather than voltage applied to it, that presents
the danger in relation to electric shocks).

Primary battery:
A cell or battery that is not intended to be recharged and is
discarded after use.

Secondary battery:
A cell or battery which may be recharged after discharge.

Rechargeable battery:

One or more secondary cells that may be repeatedly discharged
and restored to full electrical capacity by the application of an
electric current.

INTRODUCTION

The rapidly increasing range of items of portable electrical
equipment, coupled with advances in technology and changes
in social behaviour have created an increasing demand for mobile
power sources. These are most conveniently provided in the form
of batteries.

While primary batteries have been available in several forms for
many years, there continues to be a growing demand for more
powerful and durable secondary power supplies which may
be recharged to provide an economical and environmentally
preferable solution to this problem. Rechargeable batteries are
to be found in mobile phones, laptops and tablet computers,
satellite navigation equipment, radios, torches 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 technological basis of battery designs is well
established, the number of units now being stored, handled
and recharged in business premises also presents a potentially
significant fire hazard. This document sets out guidance for fire
safety managers of premises where these activities are undertaken
and includes precautions that should be observed while batteries
are awaiting disposal at the end of their operational life.

The technology

Batteries are now available in a vast array of shapes and sizes,
leading to potential errors and confusion in their selection and use.
The chemistry involved has developed from non-rechargeable
carbon zinc batteries to alkaline batteries and button cells
incorporating lithium, silver or zinc (mercury cells are now
obsolete due to the toxicity of mercury salts).

Batteries for portable devices are readily available in five sizes:



AAA, AA, C, D and PP3 (9 Volt prismatic) and, less commonly,
in a 6 Volt lantern style. In addition, batteries for cameras and
specialist equipment are available in at least 14 further sizes. Many
of these are available in both rechargeable and non-rechargeable
formats and button cells are available in at least 27 sizes/styles.

Secondary cells originated with the ubiquitous lead acid car
battery and developed to include rechargeable alkaline and
lithium ion batteries. Other forms include nickel metal hydride
batteries (which have replaced nickel cadmium batteries due to
the toxicity of cadmium) and nickel metal hydride cells.

The technology of lithium polymer batteries allows their design
to eliminate the rigid metal case, substituting this with a flexible
foil like polymer laminate which may be shaped suitably for a
specific application. The lack of casing results in a lighter battery
and because of the denser packaging without spaces between
cylindrical cells, the energy density of lithium polymer batteries
may be some 20% higher than a similar lithium ion pack. Lithium
polymer batteries are particularly hazardous if not stored,
charged and used correctly. Not only do lithium polymer batteries
burn fiercely with a very large heat output, there is the additional
hazard that lithium cannot be extinguished using water or water
based extinguishers.

Figure 1: Primary batteries are readily available in many
styles and sizes; many of these are also available as
secondary batteries.

The future may lay with fuel cells which are now finding industrial
and commercial uses.

RECOMMENDATIONS
1. Compliance with fire safety legislation

11 In premises to which the Regulatory Reform (Fire
Safety) Order 2005 (or equivalent legislation in Scotland
and Northern Ireland) (refs 4-8) applies, the fire safety
management strategy should consider practical passive,
active and managerial control measures. These should be
applied as part of the fire risk assessment for the premises
when selecting and designing areas for storing batteries
and providing charging points for large capacity batteries
or multiple small units. All fire risk assessments should
also consider the possibility of deliberate fire setting;
further information regarding the protection of premises
from deliberate fire raising is set out in RISCAuthority
Recommendations RC48: Recommendations for the
protection of premises from deliberate fire raising (ref 9).

1.2 Where appropriate, an assessment in compliance with
the Dangerous Substances and Explosive Atmospheres

1.3
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2.2

2.3

24

2.5

3.2

Regulations 2002 (DSEAR) (ref 10) should be undertaken
to ensure that charging areas are sufficiently remote from
any hazardous materials such as flammable liquids and
gases that may be stored or in use on the premises.

The response by fire and rescue services to 999/112 calls
and signals routed via fire alarm monitoring organisations
varies widely throughout the UK, and differs from day to
night time. Fire safety managers should refer to the relevant
fire and rescue service web sites to make themselves
aware of the levels of response in the areas in which their
premises are located and consider this information when
undertaking and reviewing fire risk assessments.

Fire safety legislation is only concerned with life safety,
but there are also significant benefits to be gained by
extending the fire risk assessment process to consider
property protection and business continuity issues.

Business continuity

Failure of a battery or a smallfire can have a disproportionate
effect on a business if occurring in a critical area. Batteries
are becoming increasingly sophisticated and expensive
and in many cases are becoming relied upon for the
efficient functioning of a business. It is therefore important
that appropriate battery technology is adopted and
carefully managed to ensure efficient business operations.

In commercial premises where large capacity batteries
or multiple smaller batteries may be on charge, the fire
hazards and thus the threat to the business is increased if
there is a need for the charging process to continue during
the night or over weekends when no, or very few, staff are
present. It is therefore essential that careful consideration
be given to these implications when charging areas are
being selected and designed.

All organisations should take steps to ensure the continued
smooth running of their business by making a suitable
emergency plan. Guidance for this is set out in Business
Resilience: A guide to protecting your business and its
people (ref 11). The emergency plan should address the
implications of a fire, flood or other perceived disaster on
all facets of the business model. It should indicate the lines
of communication that should be followed and the contact
details for specialist assistance, providers of alternative
accommodation and suppliers of manufacturing plant or
services.

When complete, the emergency plan should be rehearsed
periodically by means of a table top exercise, with the
results being assessed and amendments made to the plan
as necessary.

Consideration may be given to applying commercially
available computer programmes, such as the ROBUST
software (Resilient Business Software Toolkit) that
is available free of charge (ref 12), or other appropriate
product, to develop and check the adequacy of the plan.

Fire safety management
All batteries should be stored, charged and used in

accordance with the manufacturer’s instructions.

No flammable or combustible material, other than that
associated with the chargers, should be stored within 2m
of the charging area.



3.3

Care must be taken that batteries are not damaged or
pierced when in use, in storage or on charge. Any battery
that has been damaged, dented or pierced should be taken

properties of some common types of batteries is set out in
Figure 2.

o ) ) 3.6 In premises that also provide sleeping accommodation,
out of service immediately, segregated from other batteries . derati houd b ) N
) ) ) " serious  consideration shol e en, ereve
and stored as set out in section 7 below while awaiting safe . u I .r ! : Y v wherever
disposal. Similarly, damaged goods containing batteries practicable, to using timers to control socket outlets used
should also be segregated from other stock and stored for charging equipment such as mobility scooters, to
safely to await safe disposal eliminate the fire hazard during times when people may be
asleep or few staff are in attendance. This precaution may
34 Security or other responsible staff on site who may be be appropriate in healthcare and some forms of residential
called to take action in an emergency should be made accommodation.
aware of the location of the charging area, the means for
isolating the power and the action to take in an emergency. 4. Selection and use
3.5  Allpersonnel authorised to use, change or charge batteries 41 Careful attention should be given to the selection of the

should be adequately trained concerning the properties
of the batteries concerned and the safe use of chargers
that may be involved. This is particularly important where
personnel may be unfamiliar with some batteries, such as
lithium polymer batteries, that are in use. A summary of the

correct size and type of battery for a new application.
Criteria to be considered include the availability of the
batteries, the environment in which they are to be used,
the characteristics of the power that they supply and the

life between charges.

Crush Explosion Fire hazard Self Hydrogen Toxic Leakage Disposal
hazard hazard heating production hazard hazard
hazard
Primary
batteries
Carbon zinc x x x x x x v Recycle
Zinc chloride x x x x x x v Recycle
Alkaline x x x x x x ' Recycle
Lithium button v v v x x x x Recycle
Mercury (Hg) Return to
v x x x x v x producer
Silver oxide v v x x x x Recycle
Zinc air v x x x Recycle?
Secondary
batteries
Lead acid v v x x v v v Recycle
Alkaline Recycle
X X X X X X X
rechargeable
Lithium ion Return to
v v v x x x
(Li-ion) v producer
Lithium polymer Return to
(Li-Po) v v v v x x v producer
Return to
Nickel cadmium v < < < x v v producer
(NiCd)
Nickel met Return to
hydride (NiMH) v x % % v x % producer
Seek
Fuel cells N/A V3 v x v x v specialist
advice

Figure 2: Summary of the hazards associated with some common types of batteries
Notes:

1 In normal usage
2 Do not immerse in water

3 Depending on the type of fuel
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Careful selection of appropriate rechargeable battery
systems can have the additional benefits of reducing toxic
materials requiring disposal and thus have environmental
advantages when compared to an equivalent number of
disposable batteries.

In addition to ‘off the shelf’ batteries, there is an enormous
number of batteries available that are custom made
for mobile phones, MP3 players and other tools and
equipment. Because they come in so many shapes and
sizes, each requiring a different charger, it is good policy,
where possible, to minimise the number of types and
styles of batteries in use.

A serious potential hazard is that the same styles of
rechargeable and non-rechargeable cells may be present
and this may lead to attempts being made to recharge
primary (non-rechargeable) cells, a practice that is inherently
hazardous. Another hazard would be to use the wrong type
of charger for secondary cells, which can also be dangerous.
Care must be taken to avoid both of these hazards.

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.

Following a period of charging, batteries shoula be
allowed to rest for a short while before use. This should be
observed even when batteries have been on trickle charge.

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.

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).

Charging

All chargers not fitted with a 13 amp plug must be installed
by a competent electrician (such as those recognised by
the NICEIC, the Electrical Contractors’ Association (ECA),

the National Association of Professional Inspectors and
testers (NAPIT) or Select in Scotland).

5.2

5.3

5.4

5.5
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The fixed wiring, including the connections to battery chargers,
should be tested periodically by a competent electrician and
in accordance with the current edition of BS 7671 (the IET
Wiring Regulations) (ref 13). Inspections should be carried out
on a risk assessed basis as recommended in the Periodic
Inspection Report.

Where a portable charger is in use (ie one fitted with a 13 amp
plug), 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 (PAT tested)
at least in accordance with HS(G)107 (ref 14) and the IET Code
of Practice for In-service Inspection and Testing of Electrical
Equipment (ref 15) and may need to be tested more often as
determined by a risk assessment.

When chargers are to be left unattended, a check should
first be made to ensure that they are working satisfactorily.
All foreseeable potential fire hazards should be identified
and action taken to eliminate or reduce the risk to the lowest
practicable level. Further information regarding unattended
processes is set out in RISCAuthority Recommendations
RC42 (ref 16).

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.

If the recommendations in 5.6 and 5.7 are impracticable,
charging of large batteries should be confined to a designated
area of a building which should be kept totally clear of
combustible material. A clearance of at least 2m should be
established between the charging units and any adjacent
combustible materials or composite panels containing
combustible cores. The area should be defined by barrier rails
of adequate strength. Information regarding the charging of
electric vehicles and mobility scooters is set out in RC 59: Fire
safety when charging electric vehicles (ref 1).

Whatever the choice of battery, 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
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5.20

5.21

5.22

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.

It is important that cells in a battery are balanced during
the charging process to avoid overcharging and thus
overheating individual cells; this is normally addressed
automatically in the appropriate battery chargers. The
manufacturer should be contacted if a large battery, or cell
within the battery, appears to be overheating.

Care should be taken not to discharge batteries below
0.50V as in some cases polarity reversal of cells can occur
resulting in a need for the battery to be replaced.

Where large batteries are charged, or there are multiple
small chargers in use, the chargers should be fed by a
dedicated electrical circuit and appropriate devices such
as residual current devices (RCDs) should be in place to
ensure the safe shut down of the equipment in the event of
accident or failure of the mains electrical supply.
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In the case of large batteries (ie greater than 50Volts)
provision must be made for isolating each live conductor
linked to the charging equipment manually, for use both in
an emergency and for maintenance purposes. Provisions
should allow the cables both from the mains supply to the
charger and from the battery to be isolated.

An isolator should be easily accessible, prominently signed
and as well as allowing manual isolation for maintenance,
be linked so as to automatically isolate the charging
circuits safely in the event of actuation of the automatic fire
detection and alarm system in the building or failure of the
mains power supply. Power circuits should be configured
to require manual resetting of the isolator when power
is restored.

Because charging of large batteries will often continue
outside normal working hours, charging points should be:

e physically separated from process and storage areas,
by a form of construction providing at least 60 minute’s
fire resistance;

e provided with suitable power supplies, control and
isolation systems;

e protected by suitable fire detection and warning
installations;

e 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

e 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 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.
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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.

HobbyKing

A proprietary lithium polymer safety charge sack
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Storage and handling

The shelf life of batteries being stored should be noted, and
stock rotated as necessary. Old batteries of defunct styles
should not be retained (for example button cells containing
mercury should no longer be in storage).

Where batteries have to be transported, packaging should
be designed to ensure that they are not punctured, dented
or crushed as a result of any foreseeable accident.

The packaging of batteries received for forwarding may be
relabeled but otherwise should not be altered in any way.

Batteries should not be unwrapped in the storage area until
necessary. When they are unpackaged, the terminals of large
batteries should remain covered to prevent short circuiting.

Prolonged storage of batteries causes them to age, thus
the number retained in storage should be the minimum

consistent with anticipated day to day business operations.

(Nevertheless, in general, primary batteries store well;
alkaline and primary lithium batteries can be stored for 10
years with moderate loss of capacity.)

Bulk supplies of batteries should be stored in a location
designed with this purpose in mind. The area should be
subject to a fire risk assessment in compliance with the
Regulatory Reform (Fire Safety) Order 2005 (or equivalent
legislation in Scotland and Northern Ireland) (refs 4-8) and
in compliance with the DSEAR Regulations (ref 10) to
ensure that it is remote from identified hazard zones.

Storage areas should provide at least 60 minutes fire
resistance between the stored batteries and any other part
of the premises. Where there is a door allowing access to
the premises from the store, the doorset should provide
the same degree of fire resistance.

Charging should not be permitted within an area intended
for the bulk storage of batteries.

Batteries should be stored in a dry environment at about
15°C; under no circumstances should the temperature be
lower than —40°C or above 50°C. Extremes of temperature
should be avoided as low temperatures may lead to
freezing of the electrolyte and high temperatures to rupture

of cells. Freezing of batteries occurs more easily when they
are discharged.

6.10 Care should be taken to ensure that large batteries are
stored in areas where they will not be exposed to water
or other liquids. They should be kept in good condition;
any damaged batteries should be removed and isolated
in an area away from buildings and combustible materials
and be protected from the environment while awaiting
collection for safe disposal.

6.11  Large batteries should not be stored on metal shelving
because of the risk of short circuits if terminals are exposed.

Temperature Lead Nickel Lithium-ion
acid based (Li-cobalt)
at full at any
40% 100%
charge charge
charge | charge
0°C 97% 99% 98% 94%
25°C 90% 97% 96% 80%
40°C 62% 95% 85% 65%
60°C 38% (after 70% 75% 60%
6 months) (after 3
months)

Figure 3: Estimated recoverable capacity when storing a
battery for one year

6.12 To minimise age-related capacity loss during storage, lead
acid batteries should be maintained at full charge during
storage. When in long term storage, the voltage or specific
gravity of the electrolyte should be monitored frequently
and recharging be undertaken if the voltage drops below
210V/cell or the specific gravity of the electrolyte falls
below 1.225.

6.13 In contrast, nickel and lithium based batteries should be
stored at about 40% of their full charge.

7. Collection and safe disposal

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 (ref 17). The requirements of this directive, which
has been amended several times since its adoption, have been
applied in the UK through the Waste Batteries and Accumulators
Regulations 2009 (ref 18).

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.

741 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.

7.2 Small non-combustible receptacles should be used to
collect waste batteries in the workplace with the contents



TN 7.4 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 (ref 17).

¢ O car batteries

Please stand pq

75  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.

7.6 Outside the premises lithium polymer batteries should be

o e i

Figure 4: Facilities for the disposal of car batteries are now segregated from other batteries and be stored in a closed

. . metal container to await safe disposal.
widely available

. o ) } 8. Fire protection
being periodically transferred to a larger container outside
8.1  Fire protection measures for battery storage areas should

be proportionate to the risk and be based on the findings
of the fire risk assessment.

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
8.2 Battery charging and storage areas should be protected

by automatic fire detection and alarm (AFD) installations

escape routes.

7.3 The receptacles should be made of a non-combustible, designed, installed and maintained by an engineer with
non-metallic (ie non-conductive) material with a high accreditation by an independent UKAS accredited third
melting point, such as a thermosetting plastic. Care should party certification body. The installation should be to a
be taken to ensure that extraneous metallic items such as recognised category of installation in accordance with BS

silver foil, wire wool and paper clips are not introduced into 5839-1 (ref 19) as determined by a risk assessment.

the container to prevent shorting of battery terminals and 8.3 The automatic fire detection and alarm system should be
fires. monitored either on-site or by an off-site alarm receiving

Case histories

¢ Although often thought of as very minor components and not given great consideration, battery failure can have a severe impact
on business continuity. One of the most serious arose as a result of at least four occasions of electrical system problems on Boeing
787 Dreamliners. 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 aircraft.

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

The battery for a radio controlled helicopter was placed
on a workbench on charge at 09:00; 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.

-
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Figure 5: Laptop computer catches fire at a conference as a result
of battery failure.




8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.1

8.12

centre with accreditation by an independent UKAS
accredited third party certification body and operating in
accordance with BS 5979 (ref 20).

The installation should be periodically serviced and
maintained by a competent engineer with accreditation by
an independent UKAS accredited third party certification
body in accordance with BS 5839-1 (ref 19).

The AFD installation should be interfaced so as to isolate
the power supply to charging circuits in the event of the fire
alarm actuating.

The installation of automatic fixed fire suppression systems
is strongly recommended in areas where where batteries,
especially lithium ion and lithium polymer batteries, are
stored in bulk and where chargers are to run outside of
normal working hours.

The most effective extinguishing agent for the particular
application should be selected following a risk assessment
and taking into consideration the effectiveness of the agent
as well as toxicity, asphyxiation potential, environmental
and contamination issues in the context of the application
of the system. The principal alternatives are dry powder
(which can cause contamination of electrical control
systems), carbon dioxide and other gaseous flooding
systems.

Where the fire risk assessment indicates that fire
suppression systems should be provided such systems
should be installed in accordance with a recognised
standard by engineers certificated by an independent
UKAS accredited third party certification body.

Where the fire risk assessment determines that the
provision of a water sprinkler installation is appropriate, the
system should be designed, commissioned commissioned
and maintained in accordance with the LPC Sprinkler Rules
incorporating BS EN 12845 (ref 21)

Suppression systems should be tested and maintained
according to the requirements of the relevant British
Standard and/or the installer's recommendations by an
engineer with certification from an independent UKAS
accredited third party certification body. Suitable records
should be kept.

A suitable number of carbon dioxide and dry powder
fire extinguishers should be available and immediately
accessible in the case of a fire. Such portable extinguishers
should be approved and certified by an independent, third
party certification body and be installed in accordance
with BS 5306: Part 8 (ref 22) and inspected and maintained
in compliance with BS 5306: Part 3 (ref 23).

Where batteries are stored in a relatively small enclosed
environment consideration may be given to installing a
proprietary in-cabinet system to automatically detect and
suppress a fire in its incipient stages. Where such a system
is installed it should be monitored to allow the fire and
rescue service to be alerted without delay.



(va)
¢ Aressadeu se ue|d 8y} 0} SpeW SjusUIpUSWE pue passasse Buieq synsas sy}
yum ‘esiolexe doy s|gel e Jo sueswl AQ pastesyss usaq ue|d Aousbiews ayl seH

¥'¢'6

(e72) ¢ ueld Aousbisws s|gelns e Bupew Ag
SSeuIsNg 8y} o Buluuny Y1oows panuiluod 8y} 8INsus 0} UaMe) usaq sdals aneH

€¢6

(2'2) é1ussald aie gels ‘Ma) AJsA JO ‘OU UsUM SPUSMBaM JBAO 1O
1yBIu 8y BuLNp enuRuoo 01 sse00id Bulbieyd 8yl Jo) PasU B S| 8J8y] 8Jaym sea.e
BuiB.reyo 1o ubisep pue Uoi109[es 8yl 01 USAIB usag UoIIeIapISUOD |NjeJed SeH

c'c6

(12) ¢, suonesado ssauIsnqg JuaIoIe ainsue 0} pabeuew Ajnjeseo 1l s| pue paydope
aq 01 ABojouyosy Alejeq ereudoidde ayl 01 UsAIB Usaq UOIIBIsPISUOD [NjaJed seH

L'¢’6

(g uonoas) Ayinunuoo ssauisng

(" 1) ¢s8nss| Alnunuoo ssauisng pue uoiosioid
Auadoid ssalppe 01 papusixe Usaq $s920id JUBWISSaSSe MsU alll alll 8y} seH

(&71) ¢ pareoo| ae sesiwaid

Byl YolyMm Ul Seate 8y} Ul esuodsal JO [9A8] sy} SUILLIS}ep O} SOlIS Jam 80IAI8S
aNosal PUB all} JUBAS|S) BU} 0} 8PEW USaq 8duaiajal sey awl 1ybiu 01 Aep wioy
slaylp pue YN 8yl INoybnoyl Alepim salieA suoiesiuelfio Buloluow WJiefe alil ein
pe1noJ sjeubls pue s|ied Z | |./666 O} S80IAIBS andsal pue aily Aq esuodsal 8y} sy

(2 1) ¢sesiwaid ay} uo asn

Ul Jo palols aq Aew jey} seseb pue spinbi| ajqewlwel) Se 4ons S[eLsiew snopJezey
Aue woly ajowal Ajjusions ase sease Buibieyd 1ey) 8iNsus 0} UayeLnspun

usaq (Hv3SA) 200z suonenbeay saleydsoully aAISojdXg pue saoueisgng
snoJebue 8y} yum aouelduiod Ul Juswissasse ue sey ‘ereudoidde aisypn

(1L'1) ¢Bumes
aJl} 81eJaqIIap 40 ANjIqISsod 8y} JOPISUOD OS[e JUBWISSOSSE YSl 8l 8yl $80(

(171) ¢Buibreyo Aieneq oy bunees

seJnsesul [0JU02 [euabeurll pue aAljoe ‘eAlssed [eoloeld JepiSuod (puejsl|
UWJBYUON pUE puejjoos ul uone|siBe| Jusieainbe Jo) G0z JeplO (Aieyes aild) wiojey
AoyeinBey ey} Yim aoueldwod Ul UsMeLspUN JUBLISSESSE Ysu ail} 84} $80(

(1 uonoas) uone|siba| Aayes aiy yum aosueldwon

1’6

uone|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

ON

SOA

18IPO8YD

‘6




(ev) ¢osnul
|90 Alepuooss JO sadAl syl 4o} asn ul siebueyd 1084100 8y} ase pue juasald |90
a|geabeyoal-uou pue ajgqeslileyoal JO SajA1S aules 8yl Buiney PIOAE 0} Uae) 8Jed S|

€6

(€'¥) ¢osn ul seusyeq
10 s9lf1s pue sadA} Jo Jequinu 8y}l Buisiwiuiw O} UBAIB Usaq UOIeIepISUCD SeH

gv6

(1) ¢, suoneoydde mau
Jo} Aleyieq Jo adA} pue azs 1081100 8Uj} JO UOIIO9I8S 8y} O USAID UOUSNE |NjaseD S|

L'v'6

( uonoas) asn pue uono9eS

(9°¢g) ¢,o0uUBpUBNIE Ul BJe Jeis ma) Jo dagise aq Aew
a|doad usym sawil Buunp prezey ali 8yl SleullId 0} ‘SI81000s AJIqoW Se yons
1uswdinba Buibieyd U0} pasn S18|IN0 18300 |0JU0D 0] Siewily Buisn 0} usAlb ueaq
UOIBIBPISUOD SNOLBS Sey ‘Uonepowwoooe Buidesis apinoid osfe 1eyl sesiwald U

9'€6

(G'¢) ¢ penoAul 8 Aew 1ey) siebieyd
JO 9Sn 8jes 8y} pue PauIsduUod sepeReq sy} Jo saipsdold ayy Bujuieduod paurely
Ajerenbepe usaq seuepeq abeyo 1o ebueyd ‘esn 0} pasHoyine [puuosiad e aneH

ge6

(") ¢ Aouabiawie ue Ul 83e) 0} Uoioe 8y} pue Jamod ayi Bunelos!
JO} sUeaW 8y} ‘ease BuiBbieyd 8y} JO UOIIBDO| 81 JO 8ieme apell usaq Aousbiauws ue
Ul UONOB e} 0} Paj[ed aq Aew Oym 81is UO Jels a|qisuodsal Jaylo Jo Alunoss aneH

7'€6

(€°¢) ¢lesodsip eyes Buneme sjiym
saeleq Jaylo woly parebalbes pefewep usaq sey eyl Aeneq Aue s| ¢abJeyo uo
JO 8beI0lS Ul ‘@sn ul uaym padiaid JO pafewep 10U aje SelsNEeq 1eyl UsxMel aJed s|

€e6

(2'e) ¢s1ebieyo syl yum pereioosse
8S0U) UBY] JAY]0 ‘S[erie1ew 8|gisngquiod pue sjgewiwe) jo oai) eale Buibieyo ey S|

ce6

(1°e) ¢suononusul
S,JaJnjoeinuew 8yl YIM 80UBpIOOoe Ul pasn pue pableyd ‘palols seueneq (e aly

L'e6

(¢ uonoas) uaweabeuew Aojes a4

€6

(G2) ¢ued
a2y} Jo Aoenbape eyl %08yd pue doasp 01 ‘1onpoid aleudosdde Jaylo Jo (ool
2IemyoS ssauisng ual|Isay) a/lemyos 1SNgOH 9yl Se yons ‘sswwelboid
JeIndwod g|gejiene Aerosewlod BuiAldde 01 usAlb U9aq UONEISPISUOD SeH

g'c6

uons|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

oN

SOA

12



(7'9) ¢uswdinb3 [eouo83 Jo
Bunse| pue uoioadsu| 801ASS-U| 10} 80110BId JO 8P0D 13| 8Ul PUe /0 L(D)SH Yim

20UBPIOOIR Ul 1SE9) 1B (P81Sal |Vd) Alledlpouad paloadsul siebieyo ajgeniod (e aly 7’56
(€9)
¢,SS041s Jopun wey) Buioe|d 1noypm pasn aq o} paubisap SI 1 YoIum Yim seusiieq
8y} 0} yoeye 0} ybnous Buo| Spes| Yim aoeuns Wil ‘[eAs| e Uuo pauonisod s| 1l 1ey)

0s uosiJad Jusiedwod e Ag paus useq )i sey ‘esn Ui si Jobleyo sjgqenod e aieyp £G6
(€9)
¢ 129/ Sg JO UonIpe 1Ua.Nd 8y} YIM 80UEBPIOOOE Ul pue UBlou1o9e jusiadulod e Aq

Ajreoipouad paisal ‘siebleyd Aisneq 01 Suoiosuu0D 8yl Buipnoul ‘Buim paxi a8yl | 266
(1°g)

s ueliosie 1usedwod e Ag pejelisul Bnid dwe €1 e yim pani 1ou siebieyo (e aly 1'G'6

(g uonoas) Buibreyo G'6
(11) ¢ Buninoso poys Jo Aysejod

9sJoAa) 0] 108[gNs J0U ale saleeq ab.e| Ul S||90 1By} 8JNsus O} Usxe} seinsesl aly A
(O1't) ¢BH JIy) puslxe O} JopIo Ul SeUleq

ob.e| Ul s|je0 ssedAq Jo Jiedes 01 epew ag pjnoys 1dwele ou 1eyl a/eme [eis aly oL'Yv'6
(B'1) ¢,20€|d |000 ‘Ap B

ul ebeJols Jo Buibreyoal Jo) Juswdinbse woly peAowas seusleq aje ‘esn Buimo|jo 6176
(8'%) iosn

210J8Q 9|IYym LIOUS B 0} S84 01 pamoyie seueeq ale ‘Buibieyo Jo pousad e Buimolo 8v'6
(2"¥) ¢ Buninouo-poys 1usnaid 01 seueleq abuel uo Bupom usym paugiyold

(sureyo oeu pue sigoRIg Se yons) siojelado AQ swiell oleew Jo Buueam syl S| /'v'6
(9'%) ¢1ueisisal ploe pue palensul Alleouiosie ‘ojduuexs Jo} ‘SIom

AJey1eq Joj 8|gelINS seLeneq JO souBUSIURW PUB UONE|[ISUl 8} Ul POSN S|00 (e a1y 9¥'6
(S') ¢ swiey feyow sejiuus

pue sAey ‘Sulod Yim s1exo0d Ul palLed 8d 10U PINoys seusied jey) 8/eme Jels aly Sv'6

(") ¢, popPIOAR SalBeg OUIZ UOQJED JO 8SN 81 S| v'v'6

uone|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

ON

SOA

13



(£1°G) ¢sse00.4d Buibreyo ayy

Buunp 4220 Aew Buesysano yeyl yons jou eale Buibieyo sy jo ainjesadws) ay) S| /166
(91°9) ¢,saueneq MauU abieyd 01

apew s| 1dwene 1si1 84} 81048q |gelns ale siableyd Buiisixe eyl apew yoayo e s| 91'G'6
(G1°G) ¢PBUIBOUOD SBlBNE] BU} JO) Pasn

ale sJebreyo 1081100 8y} Jey} use) a4ed 1eaib S| ‘asn ul ale siebieyd adijynw a1sypn G166
(¥ 17G) ¢@01MUBS 01 pauinias Bueq
alojeq ueloLose ueledwod e Ag paliedal pue paloadsul pue Aielpswill 8sn Jo

N0 UdXMe) S8jged JO Buigeyd Jo abewep aaey ‘“Ayney og 01 pepodal Jebleyd Aue s| 716’6
(M)
¢ Buibreyo BuiousWWOD 810J8Q 8IN08S PUE Pa1ed0| A1081100 aJe Ay} pue 10811090 S|

Aejod 8y} 1By} 8InNsus 0} spew Sy08yd aie Jableyd sy} ul seusneq Buipasul Usypn c1'G'6
(Z179) ¢pasn aq 01 papusiul ale Asyl yoiym yim 1onpoid ayy Buibieyo

ANy Jo s|gedeo ase Aeyl eyl painsue 1 sI siebieyd Aeneq Buiseyoind usypp 2166
(1 16) ¢,Auoedeo [euiwou swes sy} aney osfe Asyl

op Yebleyd swes sy} Ul Joyiehbol pebleyd ase adAl swes ayl JO Seusneq aIaum L1'G'6
(01-g) ¢tebreyo

awes ay} Ul Jay1ebol seueneq Jo sadAl Jualayip a6Jeyo 01 10U UaXe)] 8Jed S| 0L'G6

(6°G) ¢,2¥s U0 seudneq Jenoped 8y} Joy 8sn Ul SIebieyd 1081100 8y} a1y 6'S6
(8°G) ¢[euUBTEW B]qIISNQUIOD JO JBd|D
Aj[e101 1dey si yoiym Buipjing e Jo ease pajeubissp e 0} pauljuod salslieq abie|

Jo BuiBreyo si ‘ejqeonoeidwl e /'G pue 9'G SUOII08S Ul SUOIIEPUBLULLIODSI BU} J| 8'G'6
(£°G) ¢,S3UdA BU} JO AJUIOIA BY} Ul UOIHUBI JO S8INOS [eiua}od ou

UNM S[9AS| MO| PUE UBIY Je SpISINO 8y} 0} 108.Ip Pale|iusA [|om sease Buibieyd auy 1'S'6
(9°g) ¢ease Buibreyo
paubisep Ajleloads e ul Jo asodind siy} 10} paaIesal UoONIISUOD 8|glSNquIod-uou

J0 Buip|ing syeJedas e Ul N0 paLIed selsiieq abe| pue ssolya o Buibieyo syl S| 9'G'6
(G'9) ¢Aoroesiyes Bupriom

aJe A8y} Jey} ainNsus O} 8peW X080 E S| ‘papusiieun ¥a| 8q 0} ale siabreyd usypp G'G6

uons|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

oN

SOA

14



(82°G) o4l JO JUSAS U]} Ul 83E} O} Suojoe

BaYl pue seusneq Jo Buiblieyd afes eyl ul paures] Jeis Ag pebeuew Anpied e
pUe faJlj JO 8SBD 8} Ul SSauisng sy Jo Buluoioun) Buinuiuod sy}

ainsus pue Auedoid pue sy 199104d 01 Ueld uoiOE Adusblews ue 01 109[gns .

‘suonejeisul Buiusem pue uonoelep ail 8|gelns Ag pealosiold .

'SWB)SAS UoIe|oS! puUE [041U0D ‘salddns Jemod sjgeins yum papiroid .
foouelsIsal aJly s, INuIW 09 1ses)| e Buipinoid

UOI1ONJISUOD JO WO} B AQ ‘Seale abel0ls pue ssa004d woul patesedss AjeoisAyd .

:sjulod Buibreyo ase ‘sinoy

Busom [ewou Jo 8pISINO 8NURUOD UBYO |IMm saleleq abue| Jo Buibleyo asnedseq

9¢'G'6

(£279) ¢,Addns Jamod surew ayi Jo ain|ie} Jo Buip|ing sy}
Ul WIa1SAS WJele pue UO081ep allj Dllewolne 8y} JO Uolenioe JO JuaAe 8yl Ul Ajeyes
SUN2J10 BuiBreyod syl 81ejos] Aj[edliellioine O} Se 0S Payul| ‘@dueualuUeLl 0} UOHE|OS!
[fenuew Buimole se jem se pue paubis Apusuiwold ‘e|qissedde AjiSes J0ejos] Ue S|

GC'9'6

(92°9) ¢ sesodind eoueusiurew
Jo} pue AousBiswie ue ul yiog asn Joy ‘Ajrenuew uswdinbe Buibieyd ayy 01 paxul|
JO1ONPUOD BAI| Yyoes Buielos! Joy sapew uoisinoid si seueneq abJe| JO 8sed ayl )

2’3’6

(Gz'g) ¢,Alddns [eou108le surew sy} JO ain|le} o JUSPIOoE UE JO JUaA 8y Ul Juswdinba
a1 JO UMOP INYs 8jes 8y} ainsua 0} aoe|d Ul (SgOY) S8oInep 1uaind [enpisal se
yons seoinap eyeldoidde ale pue 1NoJI0 [BO1108]8 Paredlpap e AQ pe} siebieyd syl
aJe ‘asn u| s1abJeyo |ews a|diinw aJe alay} Jo ‘pabieyo ase selsneq able| alaypn

€C'9'6

(4]
¢ SBuIp|iNg 8yl wou} Aeme ‘9pISINO PaloIS pPuUE [eLdIew dljje1dul-uou ‘a|ginsngquiod
-UOU WOJ} Pa1oNnISU0d saueneq a1sem JO abel0lsS YNg 8yl JO) SIBUBIUOD aly

[4A°RS]

(Lz'S) ¢ paoe|dal oq 01 Alslleg ey Joj pesu & Ul Buiinsal JN000 UBD S||80 1O [eSionsl
Aiejod sesBO BWOos Ul SB A\QG'0 MOJeq Seusieq ebieyosip 0] 10U Use) 81ed S|

12’6

(0z°9) ¢siie0
[enpiapul Buieaytano snyl pue Buibieyosano pioae 01 ssedoid Buibreyd syl Buunp
paoueleq ase Auslieq e Ul S|j92 eyl ainsus Ajeonewoine siebleyd Aieneq syl oq

0c'S'6

(61°G) ¢04 Buom S} INOYBNOIL UONEIOLISIEP INOUNM
Aoioesies e1esedo 0} 8|ge puUB UOIBOO| S I0) 8|geINS Juswidinbs pue BuLim |e S|

61'G'6

819
$@sn ur sl Juswdinbs pajesado Aisljeq usym paplione sainyesadwia) SAISSaOXe aly

81'G'6

uons|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

ON

SOA

15



(G 9) ¢,suonelado ssauisng Aep 01 Aep peredionue

UM 1USISISUOD WnWiuiw 8y} abelols Ul paueidl seusieq Jo Jaquinu 8yl S| 596
(°9) ¢BumnoI
Hoys juanaid 0} paienod Ys| seueneq ablie| Jo sfeulullsy ayy are paddeimun ase
A8yl usym pue ‘Alessadau |jun ease abelols sy} ul paddeimun jou seuspeq aly 7'9'6
(€9) ¢Aem Aue u| paisye
10U 8SIMJIBYI0 INQ pajedelel Bulpiemio) o) paAedsl saleleq Jjo Buibexoed ayy S| €96
(2°9) ¢1uBpIOok B|grsaSsaI0) AU JO JNS8l B SE Paysnio J0 pausp ‘painiound jou aie
Aay1 1eyl ainsus 01 paubisep Buibexoed s| ‘pauiodsuel) 8q 01 9AeY Saleeq 8JaUAA 296
(19
;AIessadau Se Paiejol 001S pue ‘palou palols Buleq saueneq Jo 8l Jlays eyl S| 1'96
(9 uonoas) Bulpuey pue abeiorg 9'6
(Ge'g) ¢senuiw G| ises) Je
JO} UOIeAJSSTO Japun 1day pue eale ajes & 0] parowal ‘Aj@1eipalull Pa1osuuoosip
g PINOYS 1l [[oMS 10 HOoISIp 0} sueis ableyd uo AJeleq e JI Jeyl aieme Jels aiy 28°G'6
(req)
$,9ZIS Je|IWIS € JO S||92 JaY10 10 aulese Aepuooss Joy paubisap siebeyo ojul 8ssy}
20NPOoJIUI AuseApEUl 01 JO Saueleq aulese Arewnd abieyd 01 10U Usxel aJed S| 28°6'6
(€£°G) ¢@sn Jayio Aue Joy Juswidinbs BuiBieyd Ajpow o) epew siduispe ou aly 1£°G'6
(ce9)
¢ paploAe siebreyd Aisyieq 4o} si01depe pue spes| uoisusixe Aeloduel Jo 8sn eyl S| 0£'G'6
(1L£7G) ¢4ainjoenUEBW BU} AQ 18S
sJeleweled sy} UIYIM ‘saueneq wniyy Ajfeloadse ‘seuieneq abieyod 0] uade) aJed s| 62°G'6
(0£°G) ¢sanoy Buisiom [ewuiou Jo apISINo abieyd
0} Ud| Janau pue asodind siy1 Joy paubisep Ajeoioads Jabreyo e yum pabieyo
AUo “aureiuod aes aull e Ul pableyd pue palols seueneq JawAod wniyy aly 82°G'6
(62°G) ¢ papuspeUn
a1esedo 03 Yo| Buieq aiojeg pouad LOYS B IO} PaIoHUOW pue Ajlenuew paLeis
sheme ssao0.id Buibieyd ayy s| siebieyd a1esado 0} Pasn aJe SeUOHIMS LI} USYAA 1256

uonajdwod
uo ubig

ayep ang

paiinbai uonoy

V/N

OoN

S8A

16



(e72) ¢onse|d Bumasowayl e se yons ‘uiod Bunjew ybiy e yum [eusiew

(®A110NPUOD-UOU "8'l) Olj[e1eW-UOU ‘B|gIISNQUIOD-UOU € JO apew sejoeidaedal sy aly ')'6
(27 2) ¢se1n0. adeose woly Aeme payis selspeq Jo) syulod UoN08||00 ey [SWALG)
(27 2) ¢,sesiwaid ay1 apisino
Joureluod Jebie| e 01 palsjsuel; Ajeolpousd Buieg SlUsu0D 8yl Yum aoe(dyiom
BU} Ul Seueneq 81sem 10900 01 pasn ssejoeldadsl 8|gisSnguIO-UoU |[BUlUS 8y 2.6
(1°2) ¢lgpuel oy
Juss Buieq ueyy Jayres syl Bupom JiIsyl JO pus 8y} Je pajoAoal saleeq pasn aiy 1','6
(2 uonoas) [esodsip ajes pue uonodd||0D 16
€+
¢8bJeyd [N} JIBY} JO %0 INOCe Je PaIols seusieq POSE] WYY PUB [9X3O1U 8ly €L'9'6
(21°9) ¢ebeI01s BuLNp 861eYD [N} Je PBUlEIUBW SBLB1E] PIOB PES| a1y 2196
(1 1°9) ¢S8UeNE] JO SWIO) BUIOS UM SHNDIIO BOYS JO MSH 8y} JO asneoaq
Buinys [e1eW UO Palols 10U ale saleleq abie| 1eyl 0S 8|gejere suoisiroid aly 11’96
(0179) ¢spinbi Joyio Jo Jerem 01 pasodxe
80 J0U [IM A8y} 8iaym SBaJe Ul paio)s ale selsleq abie| Jey} 8iNsus 0} Usxe)} aIed S| 0L'96
(6'9) £D:0G BAOCE IO D01~ Uey} Jomo|
S8OUBISUINDIIO OU Jopun pue) .G | INOGE 1B JUSWILOIIAUS AP B Ul PaI0)S Salieeq a1y 696
(8°9) ¢, seuenEeq J0 86RI0IS YN Y} J0) PapusiUl Seale uiyum paygiyosd Buibieyo s| 896
(£79) ¢,soslWaId 8y} o ped Jayio Aue pue saLsneq
paI0}S BU} Usamiaq 8ouUBlsSISal ail} Sejnuiw 09 1ses| 1e apinoid sease abelols oQ 1'9'6
(9°9) ¢,88U0Z piezZEY PalIIUSP! WO} 8l0Wal S
1l ey} ainsus 01 suonenbay Hy3Sd 9yl yum aouelidwod Ul pue (8- Sjad) (puejad)
UJBYLION pUB puBjl09S Ul Uonie|siBe| 1usieAinbs 10) GO0z JopiO (A1eres ail) wioley
AoreinBay eyl yum aouedwiod Ul JUSLUSSSSSE Ysl alil B 0] 108[gNns S 1eyl pulll
ul esodind SIyl Yyim paubisep Uoieoo| B Ul paIols seleneq Jo seiddns ying aly 996

uons|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

OoN

SOA

17



(9'8) ¢,sinoy Bupiom [euLIoU 8pISINO UnJ O} aJe siebieyo
aleym pue YNg Ul palols ale ‘seusiieq JewAiod wniyy| pue uol wniyl Aeloedse
‘Selieleqg JeUM seale Ul pajeisul swislsAs uoisseiddns el pexi oneuwlone aly

9'8'6

(G'g) ¢,bunenioe wuele aill 8y} JO JUBAS 81 Ul SUNJII0
BuiBbreyo o1 Alddns Jemod ay) 81ej0S| 01 Se 0S padeualul Uole|eIsul Q4y 8yl S|

g'8'6

(¥'8)
¢ JeauiBus Jue1edWod B AQ pauleluel pue paoiAes Ajeolpolied uoie|eisul 8yl S|

7’86

(£°Q) ¢,011U80 BuiniBDaI WElE 8)IS-L0
ue AQ 10 8)IS-UO Jaylie paJoluoW WaiSAS Wiefe pue uoijoslep &l dliewoine ay) S|

€86

()
¢ApoQ uoieoled Aued pliyl pelpalode SN uspusdspul ue AQ uonelpaiode
yum Jesulbus ue AQ paurelurew pue pajeisul ‘paubisep suone|elisul (q4y) w.iee
puUe UoI19818p ail} diewoine Aq peloslold seale abelols pue Buibieyd Aeneq aly

c'8'6

(1"8) ¢1uswISSasSE MsU all} 8yl AQ pauluIelep
Se ¥si 8y} 03 [euopodoid seale abelols Alepeq Joj sainsesll uonoslold ail 8y} ey

1'8'6

(8 uonoas) uonoaloid a4

(9°2) ¢,lesodsip 8les 1leme 0] JOUlRIUOD [B18W PESO0 B Ul PaIols pue
seliseq Jeylo Wwoll parebalbes seueneq JewAjod wniyy ese sesiweid syl 8pisInQ

8,6

(G"2) ¢painbai Buieq Jebuo)
OU SE payuepl aje Asy} se UOOS Se ses|wald 8y} Wolj paAowal pue Jaulejuod
ales aliy Areleudoud e ul Aenpiaipul pafexoed seueneq JowAiod wniyl| 81sem aly

1’1’6

(#°2) ¢SBUIPING BY1 WOl Aeme palis pue Joy1eem JO sjosle
8yl WoJl paleleys ‘[euslewl Olfe1sllu-UoU ‘8|gisNguIoS-UoU WOl Pa1onJisuco
sesiweid 8yl epIsINO seleNeq 81sem Jo 8beIOIS MNG 8yl IO} SISURIUCD By

92’6

(€2) ¢s8dl pue sfeullLs}
Aieneq Jo Buipoys 1uanaid 0} Jaureiuod 8yl 01Ul paoNpoJiul 1ou e sdijo Jaded pue
|OOM BJIM ‘IO JOAIIS SB YONS SWBY Olj[e1oWl SNOSUBIIXS JeY) 8INsUS O} Use) 8Jed S|

§',L'6

uons|dwod
uo ubig

a1ep ang

paiinbai uonoy

V/N

OoN

SOA

18



(1'8) ¢peioyuoW Y sI paj[elsul useq sey
Wa1sAs B alaypn ¢ welsAs uoissalddns auly Jouiged-ul Aeleidold e Buleisul 0} usnib
U8aQ UONBJSPISUOD SBY 8INSOjoUs [[ews AjBAlle[) B Ul PaIols ale salsleq aIay

cL'8'6

(1L 1'8) ¢,241} 1O BSED UI B|qISS800R AjP1elpauwl
pue o|gejieAe siaysinbunxe Jepmod Ap pue apIXoIp UOCJBD JO Joquunu 8|JelNS B S|

L1'8'6

(01'8) ¢Apoq
uolyeoiped Aued paiyl PelpaIode SN luspuadspul Ue WOl UOITBDHILSO UM
JasulIbus Ue AQ sUoiBpUBWILLIOD8) SJ8|[BISUI 8U} JO/pUE pJepuelS Ysilg Jueasial ey}
10 s1usWwialinbas 8y1 01 BuIpIO0oE pPauUlBlUEL puUB Pa1se] SWialsAs uoissalddns aly

01’86

(6°8) ¢ uone|eIsul Jopuuds Jerem e Buleisul 01 uanib ussaq
uolyelapISuod Sey ‘spinbi| ajgewiwey) Jo Wioy 8y} Ul pJezey Juediiubis e jou s| aiay}
pue siebreyd Asneq JO Jagquinu ews e asudwod SUOe|eISuUl [eDL108]8 8Yl 8JSUAN

6'8'6

(8'8) ¢Apoq uoneoyLied
Aued piyy peypaiooe SyMN Juspuadapul ue Ag pereolied siesuibus Aq piepuels
pasiubooal B YIM 80UBpIODDE Ul Pajfelsul usaq WalsAs B yons sey pepinoid aq
pinoys waisAs uoissauddns aJly B Jeyl Seredlpul JUSWSSaSSe YSH all} 8yl 8I8yp

8'8'6

(£°8) ¢,S0NSS| UOIBUILIEIUOD
pue [eluswuoIAUS ‘enusiod uonelxAydse ‘Al0IXO1 Se ||em Se uebe syl Jo
SSOUBAII08YS 8] UOIIBIapISUOD 01Ul Bulye) pue JUBLISSESSE Sl B Buimo||o) paosjes
useq uoneoldde Jenomed ayy Joj usbe BulysinBuixe oAl0ege 1sow 8yl SseH

1'8'6

uone|dwod
uo ubig

a1ep ang

palinbai uonoy

V/N

ON

SOA

19



20

REFERENCES

1.

2.

10.

1.

12.

14.

15.

16

17.

18.

19.

20.

21.

22.

23.

RC59: Recommendations for fire safety when charging electric vehicles, 2012, Fire Protection Association.

RC11: Recommendations for the use of fork-lift trucks, 2005, Fire Protection Association.

The Use of Invalid Carriages on Highways Regulations 1988, SI 1988 No 2268, The Stationery Office.

Regulatory Reform (Fire Safety) Order 2005, SI 2005 No 1541, The Stationery Office.

The Fire (Scotland) Act 2005, asp 5, The Stationery Office.

Fire Safety (Scotland) Regulations 2006, Scottish SI 2006 No 456, The Stationery Office.

Fire and Rescue Services (Northern Ireland) Order 2006, SI 2006 No 1254 (NI9), The Stationery Office.

Fire Safety Regulations (Northern Ireland) 2010, SI 2010 No 325 (N.1.), The Stationery Office.

RC48: Recommendations for the protection of premises from deliberate fire raising, 2010, Fire Protection Association.
Dangerous Substances and Explosive Atmospheres Regulations (DSEAR), 2002, SI 2002 No 2776, The Stationery Office.
Business Resilience: A Guide to protecting Your Business and its People, 2005, Fire Protection Association.

The ROBUST software (Resilient Business Software Toolkit) may be found at https:/robust.riscauthority.co.uk

BS 7671: 2008: Requirements for electrical installations: IET Wiring Regulations, 17th edition, incorporating amendment Nof:
2011, British Standards Institution.

HS(G) 107: Maintaining portable and transportable electrical equipment, 2004, Health and Safety Executive.
Code of Practice for In-service Inspection and Testing of Electrical Equipment, 2008, Institution of Electrical Engineers.
RC42 Fire safety of unattended premises, 2011, Fire Protection Association.

Directive 2006/66/EC of the European Parliament and other Council of 6 September 2006 on batteries and accumulators and waste
batteries and accumulators and repealing Directive 91/157/EEC.

Waste Batteries and Accumulators Regulations 2009, SI 2009 No 890, The Stationery Office.

BS 5839: Fire detection and fire alarm systems for buildings: Part 1: 2013: Code of practice for design, installation,
commissioning and maintenance of systems in non-domestic premises, British Standards Institution.

BS 5979: 2007: Remote centres receiving signals from fire and security systems. Code of practice, British Standards Institution.

LPC Rules for automatic sprinkler installations incorporating BS EN 12845: (Fixed firefighting systems. Automatic sprinkler
systems. Design, installation and maintenance, British Standards Institution), 2009, Fire Protection Association.

BS 5306: Part 8: 2012: Fire extinguishing installations and equipment on premises. Selection and positioning of portable fire
extinguishers — Code of practice: 2000. British Standards Institution.

BS 5306: Part 3: 2009: Fire extinguishing installations and equipment on premises. Commissioning and maintenance of
portable fire extinguishers — Code of practice, British Standards Institution.



administered by

-2°:':° RISCAuthority '

formerly InFiReS
21




