Recommendations for fire safety for waste solvent recovery plants
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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

These recommendations outline the general fire safety requirements
for waste solvent recovery systems used in the workplace.

This document addresses modular type units of the distillation
and carbon absorption types but excludes high volume distillation
processes common to the petrochemical industry.

SYNOPSIS

These recommendations provide practical guidance regarding
the management and use of large and small scale solvent
recovery plants using distillation and carbon absorption, the two
most commonly encountered processes.

Precautions in the use and following shutdown periods are set
out, together with advice regarding fire safety management and
fire suppression systems should an incident occur.

DEFINITIONS

Absorption

The process by which one substance, such as a solid or liquid,
takes up another substance, such as a liquid or gas, through
minute pores or spaces between its molecules.

Adsorption
The adhesion of atoms, ions or molecules from a gas, liquid or
dissolved solid onto a surface.

Distillation

The extraction of the volatile components of a mixture by the
condensation and collection of the vapours that are produced as
the mixture is heated.

Flashpoint

The lowest liquid temperature at which, under certain
standardised conditions, a liquid gives off vapours in a quantity
such as to be capable of forming an ignitable vapour/air
mixture (BS EN 60079-10-1: 2009: Explosive atmospheres.
Classification of areas. Explosive gas atmospheres (ref. 1))

Pervaporation
A process, which may be undertaken under pressure, involving
purification by passing a mixture, such as an alcohol and water,
through a porous membrane that holds back one or more of the
components. The membrane can be considered to be a form of
filter or strainer.

INTRODUCTION

Solvent recovery operations may be found in any business where
solvents are used. Recovering used solvent may substantially
reduce wastage, and the costs associated with the purchase of
raw materials and the disposal of waste products.

The need to meet strict environmental regulations and the
economic benefits of recovering and re-using solvents has
resulted in the increased use of solvent recovery equipment in
the workplace, for example to recover an expensive process
component for re-use or for removal of a by-product from
wastewater to meet effluent regulations. The size and type of the
equipment or plant required will vary in relation to the volume and
nature of the waste stream that is intended to be handled.

Depending on the waste stream, the process may involve:
e distillation;

e liquid/liquid extraction;

e absorption;

e adsorption;

e steam stripping; or

e a combination of these processes.

This document focuses on the distillation and carbon absorption
processes. The recovery of solvent from liquid waste streams
usually involves distillation while recovery from vapour streams
typically is carried out utilising a carbon bed absorption process.

Distillation involves the liquid waste being fed into a still. The liquid is
then heated above the boiling point of the solvent to be recovered
and the liberated solvent vapours are cooled and the condensate
retained. Recovery is normally undertaken as a batch process
but may form a continuous operation. Residual liquids may be
further processed or sent for disposal. Stills may have capacities
from several litres to several hundred litres; some operate under
a vacuum which accommodates distillation at lower temperatures.

Solvents that can be recovered by distillation include polluted
paint thinners, alcohols, toluene, acetone, ketones and low
boiling point alkanes.

Carbon bed absorption involves solvent laden vapours being
passed through a vessel containing a bed of activated carbon.
Solvent is absorbed by the carbon bed as the vapours pass
through and steam is subsequently used to recover the
solvent from the bed, with the vapours being passed through a
condenser where the solvent and water are separated and the
solvent recovered. Two or more carbon bed vessels are normally
used to allow absorption and desorption phases to be carried
out concurrently.

While national standards are available for the manufacture of
various components for solvent recovery systems, for example
the pipes, valves, pressure vessels and electrical equipment
for use in hazardous atmospheres, there is no definitive British
Standard addressing the construction of the plant. Some best
practice and guidance documents are, however, available.
These include the FM Global Property Loss Prevention Data
Sheet 7-2: Waste solvent recovery (ref. 2) and the Engineering
Data Sheet 4-16: Solvent recovery equipment issued by the
Ontario Ministry of Labour (ref. 3).

As many solvent recovery plants involve the handling and
processing of flammable and highly flammable liquids, care
needs to be taken to plan effective management, use and
maintenance of the equipment. Additional information regarding
flammable liquids is available in RISCAuthority documents RC20:
Recommendations for fire safety in the storage and use of
highly flammable and flammable liquids: Part 1: General
principles and Part 2: Storage in drums, cans and containers
other than external fixed tanks (refs 4 and 5).

RECOMMENDATIONS
1. Compliance with fire safety legislation

Fire safety legislation relates to solvent recovery plants and
associated processes involving flammable and highly flammable
liquids as well as to other areas of the workplace. The hazards
associated with the suitability and siting of the equipment, the
separation from surrounding areas, spill control, ignition control,
storage, operator training and the handling and storage of
solvents should all be considered as key elements of the fire risk
assessment for the workplace.



2.

A suitable and sufficient fire risk assessment should be
undertaken for all premises to which the Regulatory
Reform (Fire Safety) Order 2005 (or equivalent legislation
in Scotland and Northern Ireland) applies (refs 6-9). This
assessment should include the solvent recovery and
associated processes.

The scope of the risk assessment should address the
implications of idle time, maintenance, routine servicing
and cleaning operations.

As well as the installation itself and the operators of the
equipment, the assessment should also consider staff
remote from the process area who may be affected by
smoke and heat in the event of a fire. The implications for
property protection and business continuity should also
feature prominently in the assessment.

An assessment should also be undertaken in accordance
with the Dangerous Substances and Explosive
Atmospheres Regulations 2002 (DSEAR) (ref. 10).

Risk assessments should be the subject of periodic review,
including at the time when any changes to the process, the
products involved, or the acceptance of new materials or
waste streams are being considered.

Business continuity

Even a small fire can have a disproportionate effect on a business
if it occurs in a critical area. Solvent recovery is a hazardous
process and must be carefully managed to avoid unnecessary
disruption to the efficient functioning of the business.

2.1

2.2

2.3

2.4

3.1

In commercial premises where solvent recovery is
undertaken, the fire hazards and thus the threat to the
business are increased if the process is allowed to take
place when staff are absent. The equipment should
therefore not be left operating when the premises are
unattended unless it has been specifically designed for
this purpose.

All businesses should take steps to maintain the continuity
of their operations 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 replacement equipment.

Tabletop exercises should be held periodically to test the
effectiveness and suitability of the emergency plans.

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

The fire safety management of the facility will rely on
the following important records and information which
will usually be provided by the supplier at the time of
installation and must be retained and observed, together
with appropriate records:

Process Potential fire and
type/function explosion hazards
Solvent e Fire and explosion hazard
recovery associated within the actual
units of the process equipment.

distillation type | e Fire and explosion hazard in
equipment rooms in the event of a
release of vapour or heated liquid.

e | eaks of solvent from vessels
due to over-pressurisation or
mechanical damage.

e Possible damage to important
process equipment in the
immediate vicinity of the solvent
recovery unit. This could impact
adversely on business continuity.

Solvent e The explosion hazard within the

absorption tanks is considered

of the carbon minimal although explosion

absorption hazards may exist in rooms

type housing the units if there is a
release of flammable vapour, such
as from ducting or fan housings.

e A fire hazard exists within the
absorption units. Hot spots may
develop under standby conditions
which may flame-up when the flow
of air is resumed. Some products
being recovered may also be
prone to heating to auto ignition.

recovery units

Solvent laden | Liquids to be recovered may exhibit

liquids for flammable properties depending on
recovery the solvent content of the mixture.
Recovered Recovered solvents will present
solvent similar fire and explosion hazards
to those associated with the use,
handling and storage of flammable
liquids generally. The hazard and
subsequent storage arrangements
may vary depending on the flammable
properties of the solvent recovered.
Use of The use of non-flammable solvent
incorrect recovery equipment to recover
recovery flammable solvent must be avoided,
equipment due to the increased risk of fire

and explosion.

Table 1: Potential fire hazards

¢ a handbook for the management and operation of the
system that incorporates the hazards associated with
the equipment and recommendations for its safe use;

e recommendations and requirements for inspection and
maintenance of the system including safety systems,
correct inspection/maintenance functions and their
frequencies; and

e records of inspections of electrical installations and
equipment including special electrical equipment used
in identified hazard zones.



3.2

3.3

3.4

3.5

3.6

3.7

3.8

All relevant staff should be trained so as to have a clear
understanding of:

e the hazards associated with the solvent recovery
system;

e the principles of VICES (see section 6);

e poth the normal daily operation and emergency
procedures, including the safe recovery of spillages of
highly flammable and flammable substances and their
safe disposal.

Good liaison is often established by inviting the fire and
rescue service to visit the site and be involved in an
emergency evacuation exercise of the premises.

Information should be provided for the fire and rescue
service at a prominent location, normally at the entrance to
the site, to indicate:

e the layout of the site;
e the location of the solvent recovery plant;

e the location of emergency shutdown points for the
manufacturing processing operations and the solvent
recovery plant;

e the nature of the automatic fire suppression system(s)
and the location of their controls;

e contact details for specialist staff who may need to be
consulted; and

e the location of hydrants, rising mains or other sources
of water for firefighting purposes.

In the event of a fire, experienced member(s) of staff should
be designated to meet the fire and rescue service on their
arrival at the site.

Staff should be made aware of the hazards of deliberate
fire raising, for which either colleagues or intruders may
be responsible.

Flammable liquids and ‘empty’ containers should not be
accessible to intruders; suitable security measures should
be in place.

Where solvent recovery equipment is linked to thermal
oxidation plant then the recommendations set out in RC53:
Recommendations for fire safety in the use of thermal
oxidation plant (ref. 13) should be observed.

VICES

The HSE guidance in booklet HS(G)51 (ref. 14) suggests
the use of the acronym VICES to help apply five basic
principles which ensure that appropriate care is taken
regarding the use and storage of any flammable or highly
flammable liquid.

The acronym may be explained as follows:
V - Ventilation (see section 4.1)

e |s there sufficient ventilation to keep the concentration
of the liquid’s vapour below its lower explosive limit?

I - Ignition (see section 4.2)
e Have all possible ignition sources been removed?

C - Containment (see section 4.3)

41
411

41.2

4.2
4.21

4.3
4.31

4.3.2

e Are the liquids stored in suitable containers?

¢ In the event of a spill will they be contained?

* |s it possible to prevent spillages from spreading?

e Are bunds or catchment trays present where required?
e Are ‘empty’ containers properly managed?

E - Exchange (see section 4.4)

e Can flammable substances be eliminated?

e Can the substance be replaced by a less flammable

one?
S — Separation (see section 4.5)

* |s the storage of liquids separated from other stored

materials?
e Are incompatible materials suitably separated?

e Are physical barriers (examples might be walls, doors,
cabinets and bins) present as required?

Ventilation

Depending on the size and type of recovery equipment,
adequate ventilation should be provided to prevent the
accumulation of flammable vapours above the lower
explosive limits of the most hazardous solvent likely to be
present. Continuous high and low level mechanical ventilation
may be required for areas housing larger recovery units.

Where hot spots or auto-heating may develop in carbon
absorption units during standby, airflows should be
maintained for a period as determined by a risk assessment
to dissipate any heat generated.

Ignition protection

All potential ignition sources should be identified and
suitably mitigated by:

e implementation of suitable hot work controls;

e control of static electricity where required, such as
earthing and bonding, in accordance with BS 5958-1:
Code of practice for control of undesirable static
electricity. General considerations (ref. 15);

e identification of hazardous areas in accordance with
BS EN 60079-10-1 (ref. 1) and appropriate zoning
to ensure that appropriate electrical equipment is
provided; and

e other potential ignition sources such as the potential for
open flames, hot surfaces and friction should also be
identified and addressed.

Containment (spill control)

As is the case with most flammable liquid risks, suitable
means for controlling and cleaning up spills should be
provided, together with provisions for the safe disposal
of waste.

Minor leaks should not be tolerated as being part of the
process. When even a small leak is discovered, intervention
and repair should be instigated immediately.
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Figure 1: Simplified ethanol distillation recovery plant
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Exchange

At the outset, attention should always be given to
eliminating flammable and highly flammable liquids from
the workplace wherever possible. Serious consideration
should be given to the need for the use of such liquids
in the process and the possibility of replacing them with
non-flammable liquids as alternatives — or at least with
those having a flashpoint above 55°C.

Separation

The scale of solvent recovery equipment varies widely in
terms of the capacity or flow rate. The siting of the equipment
and need for fire-rated separation from surrounding areas
will be influenced by the solvent capacity or flow rate of
the unit and should be subject to risk assessment. Fire
safety provisions for solvent recovery equipment should
be proportionate to the type and solvent capacity of the
equipment. In many cases, stricter requirements are likely
to apply to units processing more than 20 litres of solvent in
a single vessel, particularly where these are distillation units.

Distillation units with a capacity of more than 20 litres and
carbon absorber processes should be located outdoors,
at least 10m away from buildings and plant, in a detached
dedicated building. Where this is not possible, the
equipment may be located in a dedicated fire compartment
separated from adjacent areas by construction providing
at least 60-minutes’ fire resistance.

Where located in a 60-minute fire compartment that is
part of a building, the compartment should have at least
one outside wall. The need for any openings into adjacent
areas should be carefully assessed, but where these
are necessary, they should be provided with doorsets
providing at least one-hour fire resistance.

Explosion protection for the area in which the recovery
plant is located should be considered in accordance with
the findings of the assessment carried out in compliance
with DSEAR (ref. 10).

Where small units are in use, for example those with less
than 20 litres capacity, the application of the separation

5.2

5.21

5.2.2

523

524

5.3

principles set out in 4.5.2 and 4.5.3 may be determined
by the fire risk assessment to be excessive in relation to
the risk in the surrounding area. In these cases the fire
safety precautions adopted should be in accordance with
the requirements of RISCAuthority recommendations
RC20 Part 1 (ref. 4).

Operation - distillation systems

The design of distillation type equipment should include
provisions for the monitoring of process conditions at a
location that is permanently manned during working hours.
Where the process is in an area that may be unmanned,
it will be necessary for monitoring equipment to be
duplicated at an appropriate permanently manned area.

Distillation type recovery equipment may be heated
by steam or thermal oil. Where steam is supplied under
pressure, a pressurised relief valve should be installed to
operate at 5psi to 10psi above normal operating pressure.
In these cases:

Pressure relief valves should be maintained in accordance
with the manufacturer’s instructions.

Piped vents should be fitted to the pressure relief valves
and condenser vents with the pipes venting outside the
building away from potential sources of ignition and so that
the vapours will not re-enter the building.

Pipe vents outside the building should be fitted with
flame arrestors.

The pipework should be designed to travel as directly as
possible to the outside without passing through another
fire compartment or be routed through a void area (such
as between a ceiling and a floor above).

The tanks of waste and recovered solvents, together with
the still vessel should be provided with high and low liquid
level monitors that operate automatically to shut down
the process safely when adverse conditions occur. The
liquid level alarms should be monitored at an area that is
permanently manned when the equipment is in use.



5.4

5.5

5.6

5.7

6.2

The still should have high temperature sensor(s) that will
sound an alarm at the monitoring area and shut off heat
supply should the temperature exceed a predetermined
safe limit.

The cooling water to the still should be monitored with flow/
pressure alarms set at predetermined safe levels. In the
event of the water supply falling below the set criteria, the
heating for the still should automatically be shut off and an
alarm sound at the monitoring area.

For large scale processes, or those that operate with
minimum supervision, serious consideration should be
given to the provision of automatic detection of a leak
of solvent vapour. Such detectors should be installed in

accordance with BS 45544: Workplace atmospheres.

Electrical apparatus used for the direct detection and
direct concentration measurement of toxic gases and
vapours or similar relevant standard. Detectors should
operate to safely shut the process down at a concentration
of about 10% of the minimum explosible limit of the
flammable vapour concerned.

When the process is not operational, flammable
vapour detection, automatic fire suppression systems
and mechanical ventilation fitted)

(where should

remain operational.

Operation — carbon absorption systems

The concentration of flammable vapours entering the
absorber bed should be managed to keep it well below
the lower flammable or explosive limit of the most volatile
solvent likely to be present. The concentration of vapours
should not exceed 25% of the lower flammable limit of the
most volatile solvent present or 50% where continuous
gas detectors are in operation to provide automatic shut
down of the equipment if this level is exceeded.

Suitable precautions should be taken to prevent
auto-heating during extended shutdowns. These may
include consideration being given to removing the carbon
or inerting the absorbent bed using nitrogen or carbon
dioxide. Keeping the bed wet or maintaining the airflow
for ventilation are also valid options. Carbon monoxide
analysers and automatic water spray provisions should be
operational during shutdown periods.

6.3

6.4

6.5

6.6

741

7.2

7.3

Consideration should be given to providing fixed water
spray nozzles inside the adsorbers over the carbon bed
to wet down the bed in the event of excessive temperature
or fire. Underbed flooding should not be used as this may
cause solvents to float and cause the vapours within the
vessel to accumulate to within the explosive limits.

The vessel in which the absorbant process is undertaken
should be designed to be able to withstand the additional
weight of wetting or fire extinguishing water.

The vessel should be provided with a drain line designed to
operate automatically or by means of a liquid relief valve. The
line should be a minimum of 50mm in diameter and lead to
a safe drain point by as straight a route as possible so as
not to be obstructed by any loose carbon granules or pellets.

Appropriate temperature records should be kept to monitor
any increasing likelihood of self heating of the carbon bed
over a period of time.

Fire protection

The installation of automatic fixed fire suppression systems
is strongly recommended, especially if the facility is likely
to run unattended. The fire suppression system should
be designed to BS EN 12845: 2004 + A2: 2009: Fixed
firefighting systems. Automatic sprinkler systems.
Design, installation and maintenance (ref. 16) or other
recognised standard and operate automatically as soon as
afire is detected. The installation should be designed so as
to minimise the likelihood of an unwanted actuation.

Fixed fire suppression systems should be designed,
installed and commissioned by an engineer with
accreditation by an independent UKAS-accredited third
party certification body.

Suppression systems should be tested and maintained
according to the requirements of the relevant British
Standard and/or the installer's recommendations by a
competent engineer with accreditation by an independent
UKAS-accredited third party certification body. Suitable
records should be kept.
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Figure 2: Simplified diagram of carbon absorption recovery plant



7.4

7.5

7.6

7.7

7.8

7.9

On operation of the fire suppression system, the process
should automatically shut down and signalling be activated
at any remote control point.

Arrangements should be in place for the prompt
recommissioning of an automatic fire suppression system
that has actuated. Back up supplies of extinguishing
agents should be kept or arrangements made for their
immediate replacement.

Following actuation of the fire suppression system, the
process must not be left working unattended until:

e the automatic fire suppression system has been fully
recommissioned; and

e the equipment has been inspected and found to be
serviceable by a competent person; or

e appropriate repairs have been undertaken or
replacement parts fitted by a competent person to
render the equipment serviceable.

In addition to any automatic extinguishing system, a
suitable number of appropriate portable 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 5306-8:
Fire extinguishing installations and equipment on
premises. Selection and installation of portable fire
extinguishers. Code of practice (ref. 17) and inspected
and maintained in compliance with BS 5306-3: Fire
extinguishing installations and equipment on premises.
Commissioning and maintenance of portable fire
extinguishers. Code of practice (ref. 18).

Consideration should be given to installing an automatic
fire detection and alarm system complying with BS 5839-1:
2002 + A2: 2008: Fire detection and fire alarm systems
for buildings. Code of practice for system design,
installation, commissioning and maintenance (ref. 19),
designed, installed and maintained by an engineer with
accreditation by an independent UKAS-accredited third
party certification body.

In zoned hazardous areas, it may be necessary for fire
detection systems and communications systems to be
intrinsically safe and appropriate for the temperature and
other conditions prevailing in the zone.



(t"2) ¢ ueld ayy Jo Aoenbepe ay) 308yo pue dojersp
0} ‘1onpo.d ereudoidde Joyio Jo ‘aremyos 1SN0 2yl se yons ‘sswwelboid

JeIndwod B|ge|eAe AlleioJewiluod Bulkdde 01 usalb usaq UoIeIspISUOD SeH Gz
(e72) ¢sueid Aousbiswe ay}
10 AJjIge1INS pue SsausAloays 8y} 1s8} 01 Ajfedipoliad play sesiosexe dole|gel aiy ¥'2'8
(2'2) ¢uswdinbs Jusweoe|das Jo sis|ddns pue UOIBPOULWLIOIOE
aAijeuIs)e JO siepinoid ‘@oue)sISSe 1sifeloads Jo) S|ie1ap 10BIU0D 8} PUE PaMO)|0)
a0 PINOYS 1ey} UOIEDIUNWILIOD JO saul| 8y} ajeoipul uejd AousbBiswe ayy seoq €28
(2'2) ¢lepow ssauIsng 8y} JO S}8J8} |[e U0 Ja)SESIP paneosad Jayio Jo pooj}
‘aJl} B JO suoneo|dwi 8y} S8ssalppe 1ey} payelp ussq ued Aousbiews ue seH 228
(12) ¢@s0dind sy Joy paubisep Ajjeouoads usaq sey 1l SS8jUN papusiieun
aJe sesiweald ayl usym Bunelado juswidinbs aAes| 0] 10U UsXMe] SaiNsesw aly 1’2’8
(g uonoas) Ayinunuoo ssauisng 2’8
(G" 1) ¢ patopIsuod Buleq aJe swealis 91Sem JO sieuslewl
M8U JO 8oue1daooe 8y} o ‘panjoaul s1onpoid 8yl ‘ssedold ayy 01 sebueyo Aue
usym swiiy 8y} Je buipnoul ‘mainai oipoLiad JO 108gns 8y} SJUSUSSSSSE XSl 8U} aly 9'1'8
(7' 1) ¢(1v3sQ) 200z suonenbay saseydsowly aAISo|dxT pue seoueisgns
snoJebue 8y) YIm 80UBpIodoe Ul USMELISpUN Usa(g OS[e JUsWSSasse Ue seH S'1'8
(&71) ¢uswssasse ayy ul Ajusuiwoid
ainjes) osfe AIINuuUoo ssauisng pue uonosloid Ausdoud oy suoneoldul ey oq AN
(e71) ¢4 B JO JUBAS BY} Ul 1BBY pUE 8yows AQ peioaye
aq Aew oym ease ss820.id 8Y} LWOJ} 810U 8IS JBPISU0D JUBLISSASSE 8y} S80(] 1’8
(z71) ¢suonetado Bujues|o pue BuldiAIeS BURNOI ‘@ouBUBIUEL
‘awn a|p! Jo suoneoldwi 8y} SSalppe JUSWSSasSe XSl 8y} Jo 8dooas 8y} seoq FAN]
(L'1) ¢seldde (puejel| UIBUHON pue puepoos Ul
uoneysibe| Jusfeainbs 1o) GO0z epIO (Aieyes ali4) wiojey Aoreinbay auyi yolym o}
sesiwaid |[e Jo} UssepapuUN UaaQ JUSLUSSSSSE YSHU allj JUSIOINS PUB 8|ge}INS B SeH -]
(1 uonoas) uone|siba| Ayajes aily yum aoueldwod 1’8

uonojdwod uo
ubls

@jep eng

paJinbai uonoy

V/N

ON

SOA

IsIpPaYy g



(8°€) ¢ ponIBsqO jue|d UOEBPIXO [BWIBY) JO
asn ay} ul A}ayes all} 10} SUOBPUSWILLIODdBY :£GDY Ul INO 189S SUOIEPUSLILIOIS)
ay} ase ‘queld uonepIxo [euliay} 03 paxul st Juswdinba Alenooal JUBAI0S 8IUpA

8'¢€'8

(£7€) ¢Ss4epnuul 01 palusp sJaureiuod Aidwse, pue spinbil s|qeulwel) 0} SSed0e S|

,'€8

(9'¢) ¢elaIsuodsal aq Aew siapniiul Jo senbes|joo Jayie
yolym o} ‘Buisies ally ajelaqiiep JO splezey syl JO /eme spew Useq JJels aneH

9¢€'8

(G°©) ¢,81S 8U1 1B [eALLIR JIsU} UO 8OIAISS 8N0Sa) PUE 8l 84} 198U
01 pareubisep Usaq YIS JO (s)equuis peoustiadxe saeY ‘aill & JO 1UsAS 8yl Uj

g'e8

(1°€) ¢401BM JO S8DINOS JBYIO0 JO Surew Buisy ‘S1uBJpAYy JO UOIEIO| BUl

pUB ¢ Jels 1siferoads Joj s|resp 10Bu0d

£,S|0U00

JI8Y} JO UOIIeD0| 8Y} pue (S)wslsAs uoissaiddns aJiy dlreuuoine sy} Jo ainjeu ayl
¢ueid Alanooal JUsnjos syl pue suolielsdo

Buisseooud/Bunnioeinuew ayi 4oy sjuiod umopinys AousBiews JO UoIeo0| 8yl e
;ueld Alsnooal JUSAI0S 8} JO UOIIED0| U}

¢MS 8U} JO N0 B} °

:Buimoy|o) 8y} 81EDIPUI O} UOITEOO)|

JusUILIOId B Je 80IAI8S 8Ndsal PUE ailf 8U} 10} PapIACId Ussq UoeuIojul SeH

7'€'8

(£7¢) ¢sosiwaid By1 JO 8SI0IX8 UOIENdEAS AoUBBIaWS UB Ul POAJOAUI 8] pUe BlS
BU1 USIA O} 92IAISS 8Ndsal pue aily 8yl Builiaul Ag paysiigeiss ueaq uosiel| poob seH

€¢e8

(2'e) ¢,seunpedoid Aousbisws pue uoelsdo Ajep [ewliou 8y} Yiog e

pUE (9 Uoioas 88s) SIDIA 40 sejdiound ay) e

$WBISAS Alan0Dal JUBAIOS BU] YlIM PaIEIOOSSE Spiezey 8y} e

:Buimoj|oy

a1 4O Bulpueisiepun Jesjo e aAeY 0} SE OS paulel} Usaq Jels JUeAs|al |[e aneH

2e8

(1'¢) ¢wswdinba pue suolje|eisul [eSL109]9 JO SUOOadsUl JO SPI0da) e
pue ;wolsAs
9y} JO 8oUBUSIUBW PUB UONOadSUl 10} SjusWaIINDa) pUB SUOITBPUSWILIODS) e
¢ WiesAs ey} Jo uolelado pue juswsbeuew sy} J0) YOOgpUeY B e
:spiooal
aleudoidde yum Joylebol ‘paniasqo pue paurelal uole|eisul Jo awil ayi 1e Jojddns
ay) Ag papinoid ag Ajlensn [jim yoiym UOIELLIOUI PUB SPI0Da) BUIMO||0) 8Y} 1y

L'e8

(¢ uonoas) Juswoabeuew Ajayes a4

€8

uonajdwod uo
ublg

ajep ang

padinbai uonoy

V/N

ON

SaA

10



(1°G') ¢uswdinbs sy Jo Aloeded JusAjos pue adAy

ay1 01 areuoipodold Juswdinbs AilsA0oas JUSAI0S 10} SUOIsIA0Id Alejes auly syl aly 257’8

(1°G"¥) ¢IuswIsSSasse

S 01 109[gNs pue 1un 8yl JO 81l MOJ} J0 Alloeded JUBA0S 8yl AQ paousnjul sease
Buipunouns woly uoneledas palel-ali Jo) pasu pue Juswdinbs syl Jo Bunis a8yl S| 1'G'v'8
uonesedag S8

(1%7'1) ¢,0101sS0d JoABIaYM BoR|dMIOM BUL
wioly spinbi sjqewiweyy Alybiy pue sjgewwel; Buireuiwe 01 uaAb sAeme uoiusie S| '8
abueyox3y 'v'8

‘(¢'ev) (Aereipauw
palelbinsul Jredal pue UOUBAIBIUI S| ‘PaIBACDSIP S| MEd| [[eWS B UBAS UBUAA S8

(1L''p) ¢,915EM JO [esodsIp ojes 8y} Jo} suoisiroid
yum Jeyiaboy ‘pepinoid sjids dn Buiues|o pue Buljjoliuod Joj suesll 8|gelns aiy 1'S%'8
(lou09 |jids) Juawurejuod €v'8

(1"2'¥) ¢uonou) pue saoeuns 10y ‘sewej)
uado Joj [enusiod 8y} Se yons s80Inos uoiubl [enusjod Jsylo JO UOEDIIIUSPI 8U) e
pue ¢,6uiuoz ereudosdde pue

(1 48)) 1-01-62009 NI Sg Uim 8ouepI0dde Ul Seale snoplezey JO UONEDIIIUSP! e

&, 1-8G6S S YIM 80UEPIODJE Ul AIOLIOSIS D11e)S JO [0JJUOD e

£,S|0J1JU0D HI0M 1O B|gE}INS JO uonejuswaidwl e
:Bumolioy ayy Aq perebiiw Ajgeins pue paiiiuspl sedinos uojubl [epusiod (e aly 1'2¥'8
uonoajoid uonub) V8

(2" L'v) ¢ peressuab 1eay Aue a1edissip 01

1UBWISSOSSE XS B AQ paulwIg1ep Se pouad e 1o} pauleiulewl SMojUe ale ‘Agpuels
Buunp syun uondiosge uogued ul dojpasp Aew Buiesy-oine Jo s10ds 104 a18Upp FANA)

(L'L'p) ¢dueseud

aQ 0} Ajg3|l| JUBA|0S SnopJezey 1SoW 8u} JO SHUI| AISO[dXa Jemo| 8y} 8A0de sinoden
a|geuULIEY} JO UOIBINWINOOE 8y} Juanald O} papiroid Usaq Uole|luaA axenbape seH '8
uohie|iusp L'v'8
(¥ uonoas) S3DIN '8

uonajdwod uo
ubig

ajep ang

paiinbai uonoy

V/N

ON

SaA




(&) ¢osn ul s| Juswdinbs sy}
usym pauuew Apusueullad S| Jeyy eale Ue Je palojiuow SWiefe [aAs] pinbi ey} aly

8'G'8

(£°G) ¢4ND00 SUONIPUOD BSIaAPE UByM Ajeres ssedold
Yl UMOP 1nys 01 Ajfedirewolne a1elado eyl SIoyuow [9As] pinblj mo| pue ybiy yum
papircid ‘[OSSaA |I1S B} UM Jayiabo} ‘SJUBAIOS PaIaA0dal PUE 81SEM JO SyUe) aly

198

("2°9) ¢(enoge 400yl e pue Buljied e usemlaq se
4ons) eale pIoA e YybBnodyl painod a4 Jo 1usupedwod al Jsyioue ybnoayy Buissed
1NOYIM BPISINO 8U1 O} 9|gissod se Ajjoaulp se [aAel) 01 paubisep 3lomadid eyl S|

9968

(£'2°G) ¢sI01saLle BUUEY UM Panl BUIPING U} SPISINO siueA adid aiy

g'a8

(2'2'9) ¢BuIpINg oY) JeIUS-81 10U [|IM SInodeA By} ey}
0S pue uonubl Jo s824Nos [enualod wol Aeme Buip|iNg 8yl episiNo Buiiusa sadid
U} YIM SIUBA 19SUSPUOD PUEB SBABA Jaljel 8inssald ey} 01 peiil siuaA padid aly

¥'a'8

(1'2°g) ¢suononisul
sJainjoejnuew sy} YIMm aouepiodde Ul pauleiuiew SeAfeA Jaljel ainssald aiy

€398

(2'9) ¢,eInssaid Bunesado fewiou anoge 1sdp | 03 Isdg e a1elado 0} pajeisul
usaq aAeA Jaljel pastinssald e sey ainssaid Japun pajiddns s| Wesis aisypn

2'a8

(1°9) ¢sinoy
Bupom Buunp pauuew Ajusueullad S| Jey} UOREDO| B JB SUORIPUOD sseooid Jo
Bunoyuow ay1 Joy suoisinoid spnjoul Juswidinbe adA} uone|nsip Jo ubisep 8yl seoQq

LG8

(g uonoas) swaysAs uone|isip — uoneiadQ

S8

(G'G'¥) ¢ 1 Hed 020Y suolepusliods) ALIOUINYDSIY JO sjusiainbas sy} yim
20UBPJI00oE Ul paidope suonnedald Alsjes alif 8y} aJe 8sn Ul 8Je syun [[ewsS aiaypn

1'Sv'8

('g1) ¢ pereoo si wueid Alenooal
81 YoIyMm Ul Bale 8y} 10} palapISuod Usaq Hy3Sa Yum aouelduo ul ino paLed
1UBWISSSSE 8U1 JO SBUIpULL 8Y1 YIIM 80UBPIODOR Ul U0N0810id uoIsojdxe seH

9'G'v'8

(£°G1) ¢@0UBISISaI BJI} JNOY-8UO
1se9| 1e Buipinold s19s100p yim papiroid Aeyl e ‘Aessadau ale 8say] alaym
pue ‘passesse A|njesed usaq seale jusdelpe ol sbuiuado Aue o) pesu eyl seH

g'Sv'8

(£°G'1) ¢/em opISINO BUO 1Se”| 1B ARy JuswWpedwoo
Y1 se0p ‘Buip|ing e 1o ped S| fey) Juaupedulod ailf 8inuiw-09 B Ul paledo §|

7'Sv'8

(2's'p) (¢,e0UBISISAI 241} SeINUIW-0Q 1Sed)| 1e Bulpiroid

uonONIISUOD AQ seale Jusdelpe Wolj paleledss Juswipeduloo ail paledipsp e Ul
pa1eoo| Juswdinba sy si ‘a|qissod 10U S| SIYl 81eypn) ¢ BuIpling pejeodipep payoeisp
e ul ‘wueld pue sBuipjing woJy Aeme wQ | 1Ses| 1e ‘SI00piNo paleoso| sasseooid
JaQUOSge UoQUeD pue saJll| 0g Ueyl alow Jo Aloeded e yyim sjun Uoie(isip aiy

€98

uonajdwod uo
ublg

ajep ang

padinbai uonoy

V/N

ON

SaA

12



(9°9) ¢oun 10 pouad e Jon0 Pag uoged ayl 1o Bunesy Jjjos

10 pooyley| Buisealoul Aue Jonuow 01 1dey splodas ainjesadwel areudoidde aiy 998
(G'9) ¢,oneA Jaljas pinby| e 10 suesw AQ 10
Ajleonewoine ayesado 01 paubisep aul| uledp e Yum papirnoid uesq [9SSeA 8yl SeH G988
(7'9) ¢10vEM Buysinbuixe a1y 1o Buiem Jo 1yBiem [BUOIIPPE U} PUBISUNM O} 8|de
g 01 paubisep Usaq uaxepspun s $s800id JUBGIOSOeR 841 YoIYM Ul [9SSaA 8y} SeH #'9'8
(€9) Lo
JO ainjesaduus) BAISSEOX8 JO JUBAS 8U} Ul Pag 8y} UMOP 1M 0} pag Uoged 8y} Jono
SJ18qJoSpe 8y} apisul s8|zzou Aelds Jejem paxiy Buipiroid 01 usAib UOIEIBPISUOD S| €98
(2‘9) ¢,spouad umopinys Buunp [euopelado
urewal suoisinold Aeids Jayem OjelloINe pue SIesAleue apIXouow UoGIed op pue
‘SUMOPINYS papusxe Buunp Buiesy-oine juanaid 0} uaye] suolineosald a|qeuns aly 298
(179) ¢uasaid ag 01 Aj@¥l| JUBAI0S
3|ITe|OA 1SOW 8Y} JO 1| SAISO|AXS IO 8|qewilLel) JoMO| 8} MOfe] |[em I desy 0}
pafeuew paq Jeqiosge sy} Buusius sinoden s|geulWEl} JO UOEJJUSOUOD 8U} S| 1'9'8
(9 uonoas) swaysAs uondiosge uogqueds — uoneradQ 9'8
(276) ¢spouad umopinys Buunp feuonelado
urewiaJ swisisAs Bunybyaiy oewone pue uoiosiep JNoden sjgqewwely 0g 7168
©9
£PBUIBOU0D JnodeA s|ceulwel) 8y} JO Hullj 8|qISOjdxe WwNWIUIL 8U} JO %0 | INOge
JO UOIJeJjusdu0d B e umop sseo0id 8y} INys Ajgjes 0} ajelado s1030839p 8yl 0g €168
(97G) ¢uoisinedns winwiuil yum a1esado eyl 8soyl Jo ‘sessedold
9[eos able| 109104d O} pajelsul SI0}0818pP Mes| INodeA S|gewilLe] OlJeloNe aly 2168
(G'Q) ¢eate Buuoyuow 8y} 1B PUNOS Wefe Ue pue Ajjediiewolne 4o Inys ||iis oyl
40} Buireay ay) seop ‘elsuO 18s 8yl mojeq Buijies Alddns Jeyem ay} JO 1usAs 8y} u| [eqe]
(G°Q) ¢,Slene| ayes paulwlelepald
1e 18S Sule[e ainssaid/MOjL Ylm paloluow (1S 8y 01 Jayem Buljood 8y} s| 0L'G'8
(7°G) ¢u eyes pauluelepaid
e peaoxa ainjeladwa) 8y} pinoys Ailddns yeay 1o 1nys pue ease Buuojuow
By} 1e Wee Ue punos |Iim jey} (s)iosuss ainjeladwal ybiy ey [Iis ayi seoq 668

uonajdwod uo
ublg

ajep ang

paJiinbai uonoy

V/N

ON

SaA

13



(6°2) ¢oU0Z BU1 UI BulreAsld
SUOIIPUOD Jay10 pue ainjeladwsl sy} Jo) aledoidde pue afes AjealsuLiiul SWoisAs
SUOIFEDIUNWILLIOD PUB SWIA)SAS UON108}ep ail 8Je ‘Seale SNopJezey pauoz U

028

(8'2) ¢Apoq uoneoyiieo Aued paiy) pelpeIooe-SYYN Juspusdepul ue
AQ UoEIPBIOT. YIM JesuIBus Ue AQ paureluiell pUB pajielsul ‘paubisep ‘pejeisul
useq |-6£8G S Yum BUIAdWoD WeIsAS Wiefe puUB UoIioe1ep ailj Ol1eWOoINe Ue seH

6,8

(2'2) ££-90€S SE Yum 8ouelduiod ul paulelUfew
pue pajoadsul pue ‘g-90gS Sg UM 8oUBpIOdE Ul pajielsul pue Apoq UOIEDIILSD
Aued paiyy ‘wuspuadepul ue Aq paiied pue paaoidde siaysinbunxe sjqenod aiy

8,8

(2'2) (@i e Jo aseo
8y Ul 8|qIsse00. AjgielpslULLl puUB s|ge|ieAe siaysinbulixe aJi ejgenod sreudoidde
JO Jaquinu 8|gelns e aJe ‘welsAs BuiysinBunxe onewoine Aue 01 uonippe U

VAV

(9°2) ¢o10B901M8S JUBWdINDS By} Jopual 0} uosiad Jusiedwod
e AgQ penl sped uswaoe|dal J0 ussespun usaq aAey siiedsl sjeldoidde e

JO ¢uosiad
1us1edWo9 B AQ 8|0B80IAISS 80 O} PUNO) Pue Pajoadsul usaq sey Juswdinba sy} e
pUB ¢, pauUoISSILIWOaI AN} usaq sey WeisAs uoissesddns iy oijewolne sy e
:passalppe usaq eAey
MOJ2Q Sainseall 8y} [lun papusieun Bupom Ja| 1ou S| sseooid ayy ey} ainsus
01 9oe|d Ul sainpaooid ase ‘welsAs uoisselddns il 8yl Jo uonenioe Buimojo4

928

(g'2) ¢parenioe sey 1ey) welsAs uoissaiddns
aJl} dlewolne ue Jo Bujuoissiwwiooal 1dwoid ayy 4oy aoed ul sjuswebuele iy

g'/L8

(" 2) ¢uod [011U0D B10WBI AUk 1B pareAoe Buleubls yim umop
Nys Ajlesiewolne sseooid syl seop ‘WsisAs uoissaiddns aiiy syl Jo uonesado uQ

¥'.'8

(872) ¢1dey Buieq spi0oal 8|geINS Yum ‘Apoq uonesyiad Aued

PJIY1 PBIPaI0oB-SY 3N WUspuadapul Ue AQ UoielpaIooe Yim Jasulbus jusiedwod
e AQ SuollepUBLILIOD8I S Jo|[eIsuUl 8U} JO/pUe PIEpUERLS Usiilig JueAsjal 8y} JO
sluswaIINbas ay1 01 BuIPIOOO. PaueIURW PUB PBa1Sal SWISAS uoissalddns aly

€78

(¢'2) ¢Apoq uoneoyied
Aued paiyl peupalooe-QyyN 1uspuadsepul Ue AQ UOBIPaIoO.e YuMm Jesuibus ue
AQ PBUOISSILILIOD PUE PajeIsul ‘paubisap SWisAs uoisselddns all poxi aiy

c'L'8

(1°2) ¢pa10219p
S| 8l B Se U0OoS Se Ajleoirewolne ajelado 01 paubisep ‘piepuels pasiuboosl
J8Y10 JO GH8Z L N3 Sg 01 pajelsul selsAs uoissaiddns aJiy paxi) dlyewolne aiy

L'2'8

(2 uonoas) uonoayoid a4

L8

uonajdwod uo
ublg

ajep ang

paiinbai uonoy

V/N

ON

SaA

14



REFERENCES

1.

10.

1.

12.

13.

14.

1.

16.

17.

18.

19.

BS EN 60079-10-1: 2009: Explosive atmospheres.
Classification of areas. Explosive gas atmospheres,
British Standards Institution.

Property Loss Prevention Data Sheets 7-2 Waste
Solvent Recovery, 2010, FM Global.

Engineering Data Sheet 4-16: Solvent recovery
Equipment, 2009, Ontario Ministry of Labour.

RC20: Recommendations for fire safety in the
storage and use of highly flammable and flammable
liquids: Part 1: General principles, 2006, Fire
Protection Association.

RC20: Recommendations for fire safety in the storage
and use of highly flammable and flammable liquids:
Part2: Storageindrums, cans and containers otherthan
external fixed tanks, 2007, Fire Protection Association.

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.

Dangerous Substances and Explosive Atmospheres
Regulations (DSEAR), 2002, SI 2002 No 2776, The
Stationery Office.

Businessresilience: Aguide to protectingyourbusiness
and its people, 2005, Fire Protection Association.

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

RC53: Recommendations for fire safety in the use of
thermal oxidation plant, 2012, Fire Protection Association.

HS(G)51: The storage of flammable liquids in
containers, 1998, Health and Safety Executive.

BS 5958-1: 1991: Code of practice for control of
undesirable static electricity: General considerations,
British Standards Institution.

LPC Rules for automatic sprinkler installations 2009
incorporating BS EN 12845, Fire Protection Association.

BS 5306-8: 2000 Fire extinguishing installations and
equipment on premises. Selection and installation of
portable fire extinguishers. Code of practice. British
Standards Institution.

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

BS 5839-1: 2002 + A2: 2008: Fire detection and fire
alarm systems for buildings. Code of practice for
system design, installation, commissioning and
maintenance. British Standards Institution.

15



administered by

:::- RISCAuthority @D I




