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Foreword

This CENELEC code of practice gives information about the product and process properties necessary
to avoid electrostatic hazards as well as operational requirements to be written in the users manual to
ensure safe use of the product or process. It can be used in a risk assessment of electrostatic hazards
or for the preparation of product family or dedicated product standards for machines (i.e. type C
standards in CEN, as defined in EN 414:1992, 3.1).

This CENELEC document is based on a number of documents including two national Codes of
Practice: from the UK, BS 5958: Parts 1 & 2:1991, Control of undesirable static electricity; and from
Germany, ZH 1/200: October 1989, Code of Practice for preventing risks of ignition due to electrostatic
charges: Guidelines in static electricity, and a document published by Shell International Petroleum:
Static electricity - Technical and safety aspects. It gives the best available accepted state of the art
guidance for the avoidance of hazards due to static electricity.

This document is mainly written for designers of processes, manufacturers and test houses.
Appropriate information about the procedures necessary to avoid electrostatic hazards shall be written
in the users manual or on the product to ensure safety. This document can also be used by suppliers
of equipment (e.g. machines) when no product family or dedicated product standard exists or where
the existing standard does not deal with electrostatic hazards.

This CENELEC document was originally prepared by the Technical Committee CENELEC TC 44X,
Safety of machinery: electrotechnical aspects. The text of the first edition approved by CLC/TC 44X on
1997-11-07 and its publication was authorised by the CENELEC Technical Board on 1999-01-01.

Following a decision by CENELEC BT, the maintenance of the document was undertaken by the
Technical Committee CENELEC TC 31, Electrical apparatus for explosive atmospheres - General
requirements, which has delegated the revision to its Working Group 20 dealing with electrostatic
hazards.

The text of the draft was submittted to the National Committees for approval by correspondence and was
approved by CENELEC as CLC/TR 50404 on 2003-04-19.

This Technical Report supersedes R044-001:1999.



This is a free 10 page sample. Access the full version online.

Clause

1

2

-3- CLC/TR 50404:2003

Contents

Page
Yoo ] o 1SR 5
(D= 1 o 11 A0 o 1= PRSP SR 5
(T L= o | PRSP 7
1 70 S v= T (o F=T o =T o] ] £ 7= Uod 1= SO 7
3.2 Alternative apPrOBCRES ......cooii e a e e e 8
Static electricity in non-conductive solid materials ..........cccovviieiii e 8
4.1 General CONSIAEIALIONS .......c.uuiiiiiiiiee it iee ettt et e et e e st e s sbee e e e st e e e sbbeeeesnneeeas 8
4.2  Dissipative SOl MaterialS.........ooiuuiiiiiiie e 8
4.3 The use of conductive or dissipative materials in place of non-conductive ones................ 9
4.4  Precautions required when using non-conductive solid materials .............ccccocceeeieriiiinnnn. 9
4.5 Conveyor belts and transmisSion DEILS ............oooiiiiiiiiiii e 12
Static eleCtriCity IN HQUIAS ...t e e e e e e s ee e e e annes 13
LTS R 1= o 1T = Ul oo g £ o (=T = 1o T F= PRt 13
L2 1o 11T g I 4= = 1 (o SRR 14
5.3  Precautions against ignition hazards during liquid handling operations..............ccccccce...... 15
5.4 TanKs and CONAINEIS ......ccuuiiiiiiiiiie ittt ettt ettt e e s st e e e st e e e snbteeeesnnees 16
5.5 Pipes and hoses fOr IQUIAS ..........cooiiiiiiiiiii e 31
5.6 Special filling PrOCEAUIES ........uiiiiiiie e e e e e e e s et e e e e e e e e snnraaeeeees 34
5.7 Plant processes (blending, stirring, mixing and crystallisation)..............cccccceeiiiiiiieeneenn. 36
5.8  Spraying liquids and tank Cleaning..............uuvveeiiiiiiiiiiee e 38
5.9 GlASS SYSIBIMS ... ettt et ettt e e e e e e et e e e e e e e e b aebe e e e e e e e e annraaeaa e s 39
StAtiC ElECIIICITY 1N GASES ittt ii ittt e e e e s s s e e e e e e e sanbaeeeeeeeeseannnraneeeeannnnes 40
T R 1= s 1= = | PR OUPPRRPPPR 40
I A €1 1 o] F= 13 1] o P EPTTPUPSRPTN 41
6.3 Fir€ EXUNQUISNEIS ....eiiiii it s et e e e e e r e e e e s an b e e e e e e s e annntrnneeeennne 41
L 1 0 =T 4 1 o Vo [P ERPT R OTPRRRT 41
ST (=T 1 o[- 1 T oo PR PRR 41
6.6 Accidental leakage of COMPreSSed gas .....cooviiiiiiiiiiie e 41
6.7 Spraying of flammable paints and POWAETS ..........ceviieiiiiiiiiiir e 42
6.8  EXIFACHON SYSTEMIS ..ottt e ettt e ettt e e e e e ettt e e e e e e e e e anbe e e e e e e e e e e nnbneeeaaaeaannes 42
6.9 Vacuum cleaners, fixed and MODIIE ..........coiiiiiiiiiiii e 42
Static eleCtriCity IN POWAEIS .....u it e e e e e e e e e e e e e e nnbeeeeeeaannes 43
T.1 GENEIAI ..o 43
7.2 Powders in the absence of flammable gases and vapours............ccccvveveeeeiiicciiiiieee e, 43
7.3 Powders in the presence of flammable gases or VapOUIS ..........cooicuiiiiiiii i 50
Static electricity when handling explosives and electro-explosive devices.............ccoouee. 52
8.1 Explosives manufacture, handling and StOrage ............coovueiieiiiieieiiiiiee e 52
8.2  Handling of electro-eXploSIVe TEVICES.. .......ciiii it 54
StatiC €lECtIICILY ON PEISOMNS ..ueiiiiiiiiie ettt ettt e ettt e e s sebe e e e s snbaeeessnbeeeane 55
9.1  General CONSIAEIALIONS .......vueieiiiiiie ittt e et et e e s sttt e e sabee e e e snbbeeeesnneeeas 55
(S JZ2 O o o o 8 Tox 1] o (o o T SO PP RPN 55
9.3 Dissipative and coOndUCHVE fFOOIWEAT ...........uiiiieeiiiiiiiiiie et e e e e srrnaeeeee s 55
LS O (o] 1 1 o [ PRI 55
9.5 PrOtECHVE GIOVES .. .euiiiiiiie ettt ettt e e e e e e e e e e e s et e e e e e e s sttt e e e e e e e e annrnaaaaeen 56
L I ST O 11 01T g1 (Y 42 TP RPRPRPPRt 56



This is a free 10 page sample. Access the full version online.

CLC/TR 50404:2003 -4 -

O Y =T od o= o o Y] G PRSP 56
L0 TR 1o o o [0 Tox 1o o PSP TPRPP PR 56
10.2 Discharges relevant to electric SNOCK ..........oocueiiiiiiiiii e 56
10.3  Sources of ElEeCtriC SNOCK ..........oiiiiiii e 57
10.4 Precautions to avoid electric SNOCKS.........cooiiiiiiiiiie e 57
10.5 Precautions iN SPECIAI CASES.........cccuuriiiiiee e iccctieie e e e e e e s s e e e e e s s srrrareraaesaaanns 57
11 Earthing and DONGING ..oooiooooeee et e e e e e s et e e e e e e e e e anneeeeeeeeaannes 58
O R € 1= = - | PP EPPT R UTPPRRT 58
11.2 Criteria for the dissipation of static electricity from a conductor...........ccccccoecevvvieereeninnnns 59
11.3 Earthing requirements in practiCal SYSIEMS ........cooiiiiiiiiiiiiiiiie e 60
11.4 The establishment and monitoring of earthing SYStemMS.........ccccooviciiiiiiiee e 62
Annexes
Annex A (informative) Fundamentals of static electriCity .........cccuueiiiiiiiiiiii e 64
Annex B (informative) Electrostatic discharges in specific situations..........cccccccoevciivieee i, 73
Annex C (informative) Igniteability properties of SUbStanCes ........cccccoiii 77
Annex D (informative) Classification of hazardous areas..........cccccceveeeieiciiiieee e 79
27T o1 ETo Yo =T o o 2O PPESRR 80
Figures
Figure A.1 - Equivalent electrical circuit for an electrostatically charged conductor...............ccccccoenneee 67
Tables

Table 1 - Restriction on area or width values of non-conductive solid materials in hazardous

areas containing potentially explosive atmospheres of groups lIA, [IBand lIC............ccccocveveeviicvnnnen, 10
Table 2 - Conductivities and relaxation times of some liquIds..........cccceveeeiiiiiciiieiee e 14
Table 3 - Precautions for filling large metal tanks with low conductivity liquidS............cccccvvveeeeriiinnneen. 18

Table 4 - Maximum filling velocities for loading low conductivity liquids other

than petroleum products iNt0 road tANKEIS ...........eiiiiie e e e 22
Table 5 - Vehicles and compartments suitable for high-speed loading for ADR compliant vehicles..... 22
Table 6 - Influence of the sulphur content on vd limits for road tankers.............cccccoiiiiii e, 23
Table 7 - Flow rate [imits fOr road tAnKEIS .........coouiiiiiiiiie ettt esreee e 23
Table 8 - vd and flow rate limits for loading rail tankers with non-petroleum liquids............ccccccooiunnnee. 24
Table 9 - Flow rate limits for loading rail tankers with petroleum fuels.............cccccciiiii 25
Table 10 - Use of different types Of FIBC ... e 49
Table 11 - Summary of maximum earthing resistances for the control of static electricity .................. 62
Table A.1 - Charge build up on medium resistivity POWAEIS..........ccuvuiiiiieieie e 66
Table A.2 - Values of capacitances for typical CONAUCIOIS .........oooiiiiiiiiiiiei e 70



This is a free 10 page sample. Access the full version online.

-5- CLC/TR 50404:2003

1 Scope

This document is a code of practice for avoiding ignition and electric shock hazards arising from static
electricity. The processes that most commonly give rise to problems of static electricity are described
in detail. They include the handling of solids, liquids, powders, gases, sprays and explosives. In each
case, the source and nature of the electrostatic hazard is identified and specific recommendations are
given for dealing with them.

Basic information about the generation of undesirable static electricity in solids, liquids, gases,
explosives, and also on persons, together with descriptions of how the charges generated cause
ignitions or electric shocks, is given in the annexes.

This document is not applicable to the hazards of static electricity relating to lightning, to damage to
electronic components, nor to medical hazards.

2 Definitions

Regulations relating to safety and electrostatics make use of many adjectives in order to quantify the
conducting ability of materials. Different regulations and different industries use different adjectives;
even when the same adjectives are used their definitions can vary. In order to avoid confusion, and to
assist with translation, the adjectives normally used to quantify the resistance of a material in this
document are conductive, dissipative and non-conductive (see 2.6, 2.8 and 2.9). However, in parts of
the document liquids are also described according to their conductivities (see 5.1) and powders
according to their resistivities (see 7.2.1).

NOTE 1 More details about electrostatic properties, concepts and terms are given in the annexes

NOTE 2 The values given in the following definitions are the generally accepted ones. However, in parts of the document the
values quoted in the text differ from those in the definitions. This is because the process, the method of handling or the
material being handled is sufficiently unusual that a different (higher or lower value) is required.

For the purpose of this document the following definitions apply:

2.1
volume resistivity
the resistance of a body of unit length and unit cross-sectional area

2.2

surface resistivity

the resistance across opposite sides of a surface of unit length and unit width commonly expressed in
ohms (or chms/square)

2.3

surface resistance

the resistance expressed in ohms between two electrodes in contact with the surface to be measured
(usually parallel electrodes, each 100 mm long and 10 mm apart)

24

leakage resistance

the resistance expressed in ohms between an electrode in contact with the surface to be measured
and earth (usually a circular electrode, 20 cm? in area)

NOTE The resistance depends upon the volume or surface resistivity of the materials and the distance between the chosen
point of measurement and earth.

2.5
conductivity
the reciprocal of volume resistivity
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2.6

conductive

an adjective describing a material incapable of retaining a significant electrostatic charge when in
contact with earth and having a volume resistivity equal to or lower than 10" Qm (for certain items there
are special definitions e.g. conductive hose)

2.7
conductor
a conductive object

2.8

dissipative (electrostatic dissipative)

an adjective describing a material incapable of retaining a significant amount of electrostatic charge
when in contact with earth. These materials have a volume resistivity higher than 10* Qm but equal to
or lower than 10° Qm, or a surface resistivity less than 10" Q (or surface resistance less than 10° Q)
measured at ambient temperature and 50 % relative humidity

2.9

non-conductive

an adjective describing a material that is neither conductive nor dissipative and on which electrostatic
charges can accumulate and not readily dissipate even when in contact with earth (e.g. most common
plastics)

2.10
non conductor
a non-conductive object

2.11

antistatic (deprecated)

an adjective commonly used as a synonym for conductive or dissipative describing a material that is
incapable of retaining a significant electrostatic charge when in contact with earth. In this context the
word is commonly used to describe a type of footwear and antistatic additives (ASAs) for use with
liquids

2.12
electric shock
pathophysiological effect resulting from an electric current passing through human or animal body

2.13

relaxation time

the time during which the electrostatic charge on a solid surface, in the bulk of a liquid or powder, or in
a cloud of mist or powder, decays exponentially to 1/e (i.e. about 37 %) of its original value

2.14

hazardous area

an area in which flammable or explosive gas/vapour-air or dust-air mixtures are, or can be, present in
such quantities as to require special precautions against ignition

2.15

two-phase liquid

a mixture of two immiscible liquids which, when settled, forms two separate phases with a distinct
interfacial boundary

2.16

dissipative footwear

footwear that ensures that a person standing on a conductive or dissipative floor has a resistance to
earth of more than 10° Q but less than 10° Q
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2.17
conductive footwear
footwear ensuring a resistance to earth typically of less than 10°Q

2.18

dissipative clothing

clothing made from a material with a surface resistivity of less than 5 x 10 Q (see EN 1149-1) or with
good charge decay characteristics (see prEN 1149-3)

2.19

minimum ignition energy (MIE)

the minimum energy that can ignite a mixture of a specified flammable material with air or oxygen,
measured by a standard procedure

3 General
3.1 Standard approaches

Static electricity occurs commonly in industry and in daily life. Many of the effects are harmless and
either pass completely unnoticed or are simply a nuisance, but static electricity can also give rise to a
hazardous situation. Hazards caused by electrostatic charge include

- ignition and/or explosion,
- electric shock in combination with another hazard (e.g. fall, trip) - see EN 292-1, 4.3 and 4.10,
- electric shock giving rise to injury or death, see EN 292-1, 4.3.

In addition, static electricity introduces operational problems during manufacturing and handling
processes, e.g. by causing articles to adhere to each other, or by attracting dust.

It is generated by

- the contact and separation of solids e.g. the movement of conveyor belts, plastics film, etc. over
rollers, the movement of a person,

- the flow of liquids or powders, and the production of sprays,

- aninduction phenomenon, i.e. objects becoming charged due to being in an electric field.

The accumulation of electrostatic charge can give rise to hazards and problems in a wide range of
industries, and to ignition and explosion hazards particularly in chemicals, pharmaceuticals, petroleum
and food processing industries.

The purpose of this document is to provide recommendations for the control of static electricity. In
some cases static electricity plays an integral part of a process, e.g. paint spraying, but more often it is
an unwelcome side effect and it is with the latter that this guidance is concerned.

Because of the large number of industrial processes which could be involved it is not possible to give
detailed information relevant to all of them. Instead, this document attempts to describe the problems
associated with each process and to give a code of practice on how to avoid them. This information
should enable the plant operator to take whatever precautions could be necessary to avoid ignitions of
potentially flammable atmospheres and electric shocks.

For convenience this document is divided into a number of clauses. These deal with problems
associated with the following:

- the handling of solids;

- the storage and handling of liquids;

- the handling of gases and vapours;

- the storage and handling of powders;

- the storage and handling of explosives

- electrostatic problems caused by persons;

- avoidance of electric shock;

- earthing and bonding of plant and machinery.
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This document also contains some fundamental information relating to electrostatic charging and its
problems. This is contained in the annexes and it should enable the Reader to better understand the
advice given and also to extend the advice to processes that have not been dealt with in the guidance.

It is very seldom that an electrostatic hazard can be treated in isolation. Precautions against
electrostatic hazards should be in addition to other precautions, e.g. explosion protection. They should
also be consistent with precautions taken to avoid other hazards that may be present, such as ignitions
due to other causes, and toxicity. It is important that all sources of risk in a system of work are
considered and that a balanced approach to safety covering all risks be considered. In particular, care
should be exercised in the provision of earthing systems where they can interfere with other protective
systems, e.g. cathodic protection or intrinsically safe electrical equipment.

3.2 Alternative approaches

If the requirements of this document cannot be fulfilled, alternative approaches can be applied under
the condition that at least the same level of safety is achieved. This may be established by a special
risk assessment carried out by persons having appropriate experience.

4 Static electricity in non-conductive solid materials
4.1 General considerations

Non-conductive solid materials are being used increasingly in equipment and structures in many forms
including pipes, containers, sheets, coatings and liners. Many of these materials have volume
resistivities greater than 10”2 QOm and their use in hazardous areas can give rise to the following
electrostatic hazards:

- the material could insulate conductive objects from earth which could become charged and give
rise to sparks;

- charges on the surface of the material could lead to brush discharges;

- a combination of conductive and non-conductive materials in the presence of prolific charge
generators (e.g. pneumatic transfers of powders, spraying of charges) could lead to very energetic
propagating brush discharges.

The use of non-conductive materials needs to be restricted in some hazardous areas. The restrictions
depend on the zone classification of the hazardous area (see Annex D):

- in zone 0, non-conductive solid materials should only be used if charging mechanisms capable of
generating hazardous potentials will not occur either during normal operation (including
maintenance and cleaning) or even in the case of rare malfunctions;

- in zone 1, non-conductive solid materials should only be used if charging mechanisms capable of
generating hazardous potentials will not occur either during normal operation (including
maintenance and cleaning) or in the case of likely malfunctions;

- in zone 2, non-conductive solid materials may be used if charging mechanisms capable of
generating hazardous potentials are unlikely to occur during normal operation (including
maintenance and cleaning).

- in the dust zones 20, 21 and 22 consideration should be given to spark, brush, cone, and
propagating brush discharges (see Annex B). However, practical experience and the absence of
incidents indicate that brush discharges are of low incendivity with regard to powder clouds.

NOTE Many powders and dusts are non-conductive materials and recommendations for the avoidance of electrostatic
hazards associated with powders are given in Clause 7.

4.2 Dissipative solid materials

A solid material is defined as dissipative if its surface resistance does not exceed 10™ Q. However,
since surface resistance normally increases considerably with decreasing humidity the upper limit will
depend on relative humidity.
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