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Non-electrical equipment is commonly used in the handling and processing of

flammable liquids, gases and powders in the process and allied industries. Typical

equipment includes fans, pumps, reactor agitators, screw conveyors and bucket

elevators. Such equipment items can generate sources of ignition for flammable

atmospheres. Assessing the potential ignition risks from existing (“pre-ATEX”)

equipment located within hazardous areas is required in order to fully comply with
the DSEAR Regulations and the meaning of the ATEX 137 Directive. A systematic
approach to the assessment of ignition risks from non-electrical equipment has been
developed in partnership between Acetate Products Ltd. and Chilworth Technology
Ltd. This joint paper describes the experiences gained in developing a practical meth-
odology for non-electrical equipment ignition risk assessments, and the subsequent

improvements made to the method during assessment of a range of equipment

items at the Acetate Products site in Spondon, Derbyshire. The developments

include defining the scope of the assessment, the type of ignition sources under con-
sideration, the constitution of the assessment team, information required on the flam-

mable materials, equipment and process detail requirements, and the need to identify

other layers of protection when ignition risk levels are unacceptably high. The work

covered both equipment handling flammable vapours and powders across the full
range of hazardous Zone designations. The assessment methodology draws from
existing standards such as EN 1127-1 and EN 13463, as well as significant practical
experience in explosion risk assessments, process plant operation and knowledge of

the maintenance history of equipment. The mostly qualitative approach that has
been derived can be applied to most common industrial applications of non-electrical

equipment located in hazardous areas. The experience from this and other assess-

ments has identified a number of key learning points which are considered well

worth sharing with industry in general to improve understanding in this important

area of explosion prevention.

INTRODUCTION

The requirement to assess the likelihood that ignition sources will be present and become
active and effective within areas where explosive atmospheres may potentially exist is an
explicit requirement in European’ and in UK? legislation. For electrical equipment located
in potentially explosive atmospheres, codes and standards have been available for some
time. For non-electrical equipment, similar codes and standards have not been available
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until recently. Many operating companies now find themselves in a position where
the suitability of electrical equipment such as a drive motor may be relatively easily deter-
mined by reference to design standards. However, the determination of the suitability of
the connected non-electrical components, such as a centrifugal pump drive system, is
not so straightforward.

The assessment of the potential ignition risks from non-electrical equipment is not,
and should not be, the starting point in the DSEAR compliance process. It should be recog-
nised that the assessment of ignition risks from non-electrical equipment is just one tool
that companies can use to provide a suitable explosion basis of safety. As with any assess-
ment that requires a high level of detail it is all too easy to concentrate on the detail and
miss the overall objective of the DSEAR risk assessment process. Figure 1 below, shows
an indicative flow diagram for the risk assessment required under the DSEAR regulations.

Figure 1, shows the relationship between the assessment areas covered by this paper
(shaded area) and the overall assessment process. The non-electrical risk assessments con-
sider only the ignition risk arising from the equipment and do not cover other aspects of the
safety management systems that need to be in place to control other sources of ignition.
Such other sources of ignition would include control of hot work etc. The paper has
also not considered non-electrical ignition risks which could arise from non-electrical
components of the motors themselves, as these are included in the electrical ignition
risk assessment.

The hierarchy of risk reduction laid out in legislation states, in order of preference,
that the following should take place:

e the prevention of the formation of explosive atmospheres, or where the nature of the
activity does not allow that,

e the avoidance of the ignition of explosive atmospheres, and

e the mitigation of the detrimental effect of an explosion so as to ensure the health and
safety of workers.

Therefore, the first priority should always be to determine whether or not flammable
atmospheres can be avoided or their extent reduced. Non-electrical equipment ignition
risk assessments only then need to be performed in areas where a basis of safety of
avoidance of flammable atmospheres cannot be achieved, and hence a basis of safety of
avoidance of ignition sources needs to be confirmed.

In order for operating companies that have existing “non-ATEX” equipment located
in hazardous zones to meet their obligations laid down in legislation, an assessment of the
ignition risks of the non-electrical equipment is required. The assessment needs to identify
whether effective ignition sources can be generated by the non-electrical equipment, and
where they can be, whether adequate control measures are in place to prevent them becom-
ing an effective ignition source in relation to the hazardous area in which they are located.

With the above comments in mind, Acetate Products Ltd. and Chilworth Technol-
ogy Ltd. have collaborated to develop a systematic, yet practical, risk assessment method-
ology for the ignition risk assessment of non-electrical equipment.
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Figure 1. Indicative path to DSEAR compliance
METHODOLOGY

As with any risk assessment, in order to ensure that it is suitable and sufficient, relevant
standards and codes of practice should be applied as far as possible. In the case of ignition
sources in potentially explosive atmospheres, EN 1127-1° provides a comprehensive
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Figure 2. Basic steps of non-electrical ignition risk assessment

discussion of a wide range of potential ignition sources and how they might arise in prac-
tice. For non-electrical equipment, the new EN 13463* series, which is primarily aimed at
equipment manufacturers rather than users, is also a useful source of information. For
assessing existing equipment, utilising a similar approach to that required of the equipment
manufacturers is considered to be an acceptable route to take.

The basic steps taken during the assessment process are shown below in Figure 2.
Each step is then discussed in more detail.

COLLECT AND REVIEW MATERIAL AND EQUIPMENT DATA

It is important to review existing material data to ensure that the both the ignition sensi-
tivity and the maximum temperatures that need to be adhered to are clearly defined. For
gases and vapours, the most important parameter for the mechanical ignition risk assess-
ment is the auto ignition temperature (AIT). When assessing risk from electrostatic
discharge, the Minimum Ignition Energy (MIE) is important, but for most gases
and vapours, the value is low (<1 mJ) and accurate data is of limited importance. For
reviewing the hazardous area classification, the flash point of the liquid is also important.
Material data for common liquids and gases can be found IEC 60079-20°. Typically,
literature data can be directly used for pure liquids and gases.
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For powders the layer ignition temperature (LIT), the minimum ignition tempera-
ture of the dust cloud (MIT), the minimum ignition energy (MIE) and the relevant
onset temperature of decomposition (if applicable) are all important parameters. Some
generic data for powders is available within the public domain® although care must be
taken when applying this data to ensure that it is relevant to the materials under assess-
ment. Specific data for the powders handled should preferably be determined in order
to ensure its applicability.

Information on the equipment such as materials of construction, rotational speeds
etc. are also important when reviewing the likelihood of ignition source generation.
Records of equipment failures and corrective maintenance records are useful as they
may reveal specific issues with the equipment under consideration. Planned preventative
maintenance records should also be reviewed against the supplier’s original instructions to
investigate whether a suitably comprehensive maintenance regime is being undertaken.

REVIEW PROCESS AND EQUIPMENT CONDITIONS AND LOCATION
A visual inspection of the equipment in its working environment should also be under-
taken to enable the assessment to identify any environmental factors such as dust, vibration
and heat. This will also indicate any damage to the equipment such as a loose guard which
might rub against a coupling. Visual inspection will also help to identify adverse environ-
mental conditions such as equipment being located in an underground service duct that
may necessitate an increased maintenance frequency to ensure continued safe operation.
The location review will also aid in the review of the hazardous area classification.
For example, if powder layers are evident then an additional Zone 22 designation may be
required.

REVIEW HAZARDOUS AREA CLASSIFICATION
The correct area classification around the equipment is fundamental to ensuring that a suit-
able and sufficient risk assessment is undertaken. If the zone designation is too high, then
unnecessary control measures may need to be put in place as well as additional time and
resource being wasted in the further detail required for the higher category assessment. If
the zone designation is too low then there is a risk that ignition sources occurring in
expected or rare malfunctions may be overlooked. It is particularly important to review
the approach to hazardous area classification and whether or not a blanket approach has
been used. In the experience of the authors, the majority of equipment to be assessed
should be in a Zone 2 designation. If an area has been designated blanket Zone 1 for con-
venience rather than for the existence of a ‘true’ Zone 1, then time is often better spent
refining the zoning to reduce the Zone 1 extent rather than undertaking a large number
of category 2 assessments.

It is also important to ensure that the zoning inside the equipment has been agreed.
This aspect of hazardous area classification is often overlooked.
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Table 1. Relationship between the hazardous area classification and
equipment category

Hazardous area classification Equipment category
Zone 0 (gases) Category 1 G
Zone 20 (dusts) Category 1 D
Zone 1 (gases) Category 2 G
Zone 21 (dusts) Category 2 D
Zone 2 (gases) Category 3 G
Zone 22 (dusts) Category 3 D

ASSIGN EQUIPMENT CATEGORIES AND REQUIRED T RATINGS
Equipment categories were assigned as described in EN 13463-1* and shown in Table 1
below.

Based on the material data for the substances used and the defined hazardous areas,
maximum surface temperatures were determined. For gases and vapours the usual nomen-
clature* shown below in Table 2 were assigned. Using the temperature class in this way
allows the user to compare the non-electrical and electrical equipment within an area.

For dusts the maximum surface temperature was stated as a temperature rather than
in a temperature class format. This is consistent with the approach taken by equipment
manufacturers for equipment for use in flammable dust zones.

ASSESS FOR EFFECTIVE IGNITION SOURCES
The sources of ignition considered in the assessment were taken from EN 1127-1° and
shown below:

1. Hot surfaces
2. Flame and hot gases

Table 2. Relationship between the maximum surface
temperature and the temperature class

Maximum surface temperature Temperature class
450°C T1
300°C T2
200°C T3
135°C T4
100°C T5
85°C T6
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Mechanically generated sparks

Electrical Apparatus

Stray electrical currents, cathodic corrosion protection
Static Electricity

Lightning

Radio frequency (RF) electromagnetic waves from 10*Hz to 3 x 10'* Hz
Electromagnetic waves from 10"' Hz to 3 x 10'° Hz
10. Ionising radiation

11.  Ultrasonics

12.  Adiabatic compression and shock waves

13.  Exothermic reactions, including self-ignition of dusts

O XN AW

In general terms, during the pilot assessment it was shown that only ignition source
numbers 1, 3 and 6 were relevant to the mechanical equipment located within the areas
under review. Although the other ignition sources may occur such as sparks from hot
work or static discharges from personnel, these are considered in other Acetate Products
Ltd. risk assessment documents, and are not specific to individual pieces of equipment.

DOCUMENT FINDINGS INCLUDING CONTROL MEASURES

As with any risk assessment the significant findings need to be recorded. The chosen
format used for this assessment is similar to the tables shown in EN 13463-1°. Using
the format that is aimed at equipment manufacturers also gives a good format for recording
the assessments for existing equipment.

EXAMPLES
The best way to illustrate the methodology is to describe examples.

Two examples of the assessments performed at the Spondon site area are shown
below. Both of the examples concern centrifugal pumps. The first pump is located in a
Zone 2 area, whilst the second pump is located in a Zone 1 area. These have been
chosen to illustrate the increase in the level of detail required for the assessment of
category 3 vs. category 2 equipment.

The data for the process liquids used in the examples is shown in Table 3 below:

Example 1
The centrifugal pump in this example is pumping benzene nominally at ambient con-
ditions. The pump is constructed from 316 stainless steel and is located within a Zone 2
area. The inside of the pump has also been designated as Zone 2 as it is normally liquid
filled. The equipment is not located adjacent to sources of excessive heat, dust or vibration.
The first step in the assessment is to assign the equipment category, as shown in
Table 4 below.
A temperature class of T1 (maximum surface temperature of 450°C) is appropriate
for benzene.
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Table 4. 10AA quench pump equipment category

Hazardous Equivalent
ITEM ID DESCRIPTION area classification equipment category
1 10AA Quench Zone 2 Category 3G internally
Pump internally and and externally
externally

In this case, for category 3 equipment, the ignition assessment is restricted to
ignition sources that can arise during normal operation only. The results of the assessment
are shown in Table 5 below.

The result of the assessment is that no effective ignition sources are likely to occur
during normal operation of the pump provided that pump is adequately maintained in line
with the manufacturer’s instructions and good engineering practice. References to the
clauses in EN 13463-1* and EN 1127-1° are made to show that the measures applied to
prevent the ignition sources becoming effective, as far as possible meet the requirement
of a relevant standard.

Whilst not shown in this example, it is advisable to assign responsibility and a time-
scale to any actions arising from the assessment. An additional column on the assessment
template is useful in this respect.

Example 2

In this example another centrifugal pump of stainless steel construction is used in an acetic
acid environment. In this case the temperature of the process liquids is elevated to 60°C,
and hence the acetic acid vapour may generate a flammable atmosphere upon release.
Again the inside of the pump has been designated as Zone 2. However, the outside of
the pump has been designated as Zone 1. The equipment is not located adjacent to
sources of excessive dust, heat or vibration.

The relevant categories are applied to the inside and outside of the pump as shown in
Table 6 below.

In this case, for the inside of the category 3 equipment, the ignition assessment is
again restricted to ignition sources that can arise during normal operation only. The
outside of the pump however must be assessed for expected malfunctions as well as
normal operation. The results of the assessment are shown in the table below

The results of the ignition assessment for this equipment are shown below:

As can be seen from the assessment above, further manufacturer’s data is required
for obtaining temperatures achieved when pumping against a closed head and when
running the pump dry. Whether such data exists will depend upon whether or not the man-
ufacturer has carried out testing themselves. Such data may also be available from plant
experience. Alternatively, it is possible that control measures are put into place to
prevent the above conditions occurring. For pumping against a closed head using a
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Table 6. FA2 DARO pump equipment category

Equivalent
Hazardous area equipment
Item ID Description classification category
2 FA2 DARO 2 internally and Category 3G
centrifugal 1 externally internally and
pump Category 2G
externally

kickback line or relief valve are possible mitigation options. This may need to be com-
bined with a high temperature trip if it is possible for the pump to then heat up the fluid
as it circulates. To prevent a pump from running dry, a low or no flow alarm/trip are
options. If instrumented systems are used as control measures, then their required safety
integrity level (SIL) should be assessed in accordance with IEC 61508/11".

DISCUSSION

As the assessment of existing equipment is performed by operating companies, rather than
equipment manufacturers, there is the potential that the scope of the assessment can
deviate to include operational ignition risks that are not specific to the equipment under
review. This can include the control of external ignition sources such as hot work,
smoking and electrostatic discharges from personnel. These risks should be controlled
by other site procedures and risk assessments, and to optimise the efficiency of the non-
electrical ignition source risk assessment, should not be discussed at this stage.

The maximum surface temperatures are usually derived from the auto-ignition
temperature of the gases or vapours or the minimum ignition temperature and layer
ignition temperature of the powders with an appropriate safety factor in each case. In
cases where thermal decomposition may occur, the onset temperature should also be
taken into account when developing the safe maximum temperatures. In many cases
this can dominate the maximum allowable temperature and so should not be overlooked.

The importance of regular inspection and maintenance cannot be over-stated for the
reduction in ignition risks from non-electrical equipment. Minor faults with equipment can
be picked up quickly before effective ignition sources are generated. If equipment is not
maintained or inspected then it must be assumed that at some point within the life of
the equipment that an effective ignition source will arise. This is because without mainten-
ance, the equipment is being run to destruction. In a Zone 2 (category 3) area, a lack of
maintenance would mean that abnormal and possibly even rare malfunctions may also
have to be considered as these could form part of the normal operation of the equipment.

In the case of equipment in Zone 2 or Zone 22 areas (category 3G and 3D), demon-
strating an appropriate level of maintenance is likely to be adequate to show that
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equipment is safe for continued use. In Zone 1 or Zone 21 areas (category 2G and 2D), use
of maintenance alone may be adequate but is likely to require a higher frequency of
inspection and maintenance than for category 3 equipment. Additional safety devices
such as relief valves or instrumented protective systems may also be required for cat-
egory 2 equipment. In the case of instrumented protective systems, a SIL assessment in
accordance with IEC 61508/11 will be required.

Where equipment is used infrequently, use of manufacturers recommended main-
tenance intervals which are based upon operational hours, may not be appropriate.
Some equipment may not operate for that number of hours in its entire lifetime. In
these cases, more frequent maintenance intervals may need to be applied dependent
upon the outcome of the risk assessment.

Most non-electrical equipment should be outside of Zone 0 or Zone 20 areas and
therefore category 1G and 1D assessments should be less common. Except in the case
of simple equipment, use of alternative prevention of protection systems such as inerting
or explosion relief is likely to provide a more robust basis of safety than trying to demon-
strate that ignition sources can be controlled where a continuous flammable atmosphere is
present.

The risk of ignition from the motors associated with the non-electrical equipment
has been included within the assessment in order to facilitate the assessment of their suit-
ability, and hence allow the whole unit to be assessed at the same time.

Historically blanket zoning has been used within many companies in the chemical
and allied industries. A source of release approach, as has been used by Acetate Products,
ensures that a much more detailed classification is available, and hence a greater level of
confidence that an appropriate level of detail has been applied to the non-electrical equip-
ment ignition risk assessment. A large amount of detailed risk assessment work will be
required for companies who continue to use artificially high blanket zoning. Additionally,
there are health implications for the operators who are working in areas where Zone 1
designations are in place, as occupational exposure standards are much lower than the
lower explosion limits of most flammable vapours. If ventilation inside buildings is so
poor, or the number and frequency of releases so high as to require a ‘true’ blanket
Zone 1, then this should be addressed as a priority to reduce the hazardous extents
before assessing all equipment for category 2.

For the more complicated assessments i.e. category 1 and 2 equipment, it is rec-
ommended that a multidisciplinary team of people be used to complete the assessment.
The team should include operations and maintenance staff who can supply information
on the practical aspects of the operation of the equipment and likely failure modes. It
may also be necessary to involve the original equipment manufacturer in some cases.
For category 3 equipment this input may still be required to understand and properly
define “normal operation”. It is also recommended that a suitable assessment leader is
appointed to facilitate the meetings.

Since the above methodology was developed a new draft standard for ignition
hazard assessment has been introduced: prEN 151988, This draft standard uses a similar
basic methodology as developed (separately) by Acetate Products Ltd. and Chilworth

12
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Technology Ltd. The lessons learned from this exercise and described in this paper should
be useful when applying the new draft standard when it is available as a final document.

CONCLUSIONS

An assessment methodology has been developed for assessing ignition risks from
non-electrical equipment to demonstrate safe continued use of the equipment within
hazardous areas. The assessment methodology draws from existing standards such as
EN 1127-1 and EN 13463, as well as significant practical experience in explosion risk
assessments, process plant operation and knowledge of the maintenance history of equip-
ment. The mostly qualitative approach that has been derived can be applied to most
common industrial applications of non-electrical equipment located in hazardous areas.
The experience from this and other assessments has identified a number of key learning
points which are considered well worth sharing with industry in general to improve under-
standing in this important area of explosion prevention. The key learning points are sum-
marised below:

1. The assessment of the potential ignition risks from non-electrical equipment is not,
and should not be, the starting point in the DSEAR compliance process. Consider-
ation of avoidance of a flammable atmosphere e.g. by elimination of flammable
materials or inerting should be given priority.

2. Always ensure that flammability data used is representative of the material under
consideration. This is particularly important for dusts.

3. Records of equipment failures and corrective maintenance records are useful as they
may reveal specific issues with the equipment under consideration.

4. A visual inspection of the equipment in the working location is important to identify
any adverse environmental factors and to observe the equipment condition.

5. Itis advisable to review the hazardous area classification particularly where there are
a number of category 2 assessments required. The review should take into account
the zoning for the inside of equipment as well as for the outside.

6. To maximise efficiency, it is important to focus only on those ignition sources gen-
erated by the equipment. Operational ignition sources such as hot work should not be
included as part of this assessment.

7.  When selecting the maximum allowable surface temperature for dusts, always con-
sider potential for thermal decomposition which may occur at a lower temperature
than layer or minimum ignition temperature.

8. Maintenance and inspection regimes are key to avoiding ignition sources from non-
electrical equipment. Poorly maintained equipment could give rise to ignition
sources in normal operation.

9. Category 1 and 2 risk assessments benefit from a multi-disciplinary team approach
particularly to identify credible failure modes. Input from equipment manufacturers
may be required in some cases.

10. An assessment leader should be appointed to facilitate an efficient assessment.
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