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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 29-3: Gas detectors — Guidance on
functional safety of fixed gas detection systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for_international use _and_are accepted by IEC National
Committees in that sense. While all reasonable efforts are made<to ensure that/the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding/national ©or/fegional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation| of conformity./Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60079-29-3 has been prepared by IEC technical committee 31:
Equipment for explosive atmospheres.

This part of IEC 60079-29 is to be used in conjunction with the following standards:

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance
requirements of detectors for flammable gases

IEC 60079-29-2, Explosive atmospheres — Part 29-2: Gas detectors — Selection,
installation, use and maintenance of detectors for flammable gases and oxygen

IEC 60079-29-4, Explosive atmospheres — Part 29-4: Gas detectors — Performance
requirements of open path detectors for flammable gases
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The text of this standard is based on the following documents:

FDIS Report on voting
31/1105A/FDIS 31/1117/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60079 series, under the general title: Explosive atmospheres, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Userstshould-therefore print this document using a
colour printer.
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INTRODUCTION

Fixed gas detection systems have been used for many years to perform safety instrumented
functions. Like any instrumented system, a fixed gas detection system commonly comprises
of a single or multiple gas detector input(s), a control unit and a single or multiple final
element(s) or output(s). Additional peripheral equipment may be incorporated into a fixed gas
detection system e.g. a gas sampling system or a gas conditioning system. If a fixed gas
detection system, including any relevant peripheral equipment is to be effectively used for
safety instrumented functions, it is essential that the total system achieves certain minimum
standards and performance levels.

It is important to understand that the number of sensing points and their appropriate location,
their redundancy, the management of regular maintenance, specifically response checking or
calibration, and other gas detection specific features (such as design of gas sampling
systems) are all likely to have a far greater effect on the integrity of the overall Safety
Instrumented System (SIS) than the required Safety Integrity Level (SIL) or SIL-capability of
any of the individual functional units. This, however, does not exclude the requirement for
each Safety Instrumented Function (SIF) to have a stand-alone functional integrity.

This international standard addresses the minimum standards and performance levels of a
fixed gas detection system which is based on the use of electrical, electronic or
programmable electronic systems (E/E/PES) for any application where there is either a risk
reduction target stated or if the gas detection system is used as an additional safe guarding
system.

This international standard does not apply to ,portable gas.detectors or fixed gas detection
systems when there is no risk reduction target'stated. 'However, this standard could be used
as a best practice document for such devices or systems.

The expression ‘gasidetectionlsystemitwithinthissinternationabstandardlis’generic and applies
to standalone fixed gas detectors)owhich:might(have their)own internal alarm trip levels and
switching outputs up to complex standalone fixed gas detection systems (Annex A — Typical
Applications).

This international standard takes into consideration the possible complexity of the supply
chain which a gas detection manufacturer, seller or system integrator might encounter which
includes, but is not limited to:

o the use of standalone gas detectors which are integrated into an overall safety system by
a gas detection equipment manufacturer, seller or system integrator (or equivalent)

e the design and use of fixed gas detection sub-systems, including any associated and/or
peripheral gas detection equipment which are integrated into an overall safety system by a
gas detection equipment manufacturer, seller or system integrator (or equivalent)

o the design and use of a complete fixed gas detection system, including associated and/or
peripheral gas detection equipment which is the overall safety system

NOTE 1 IEC 61508 Parts 1, 2 and 3 cover the design of the stand-alone gas detector, control unit or final
element. Guidance on the design of peripheral equipment is included within this international standard.

Before this international standard can be applied, it is important to understand and categorise
the application of the fixed gas detection system. The three main applications are:

e as a prevention system — the total system or an individual instrumented control loop has a
safety function and safety integrity clearly defined.

e as a mitigation system — the total system or an individual instrumented control loop has a
safety function and safety integrity clearly defined.

e as an additional safe guarding system — this covers those fixed gas detection systems or
individual instrumented control loops which operate in parallel (secondary) to an
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instrumented safety system, where the demand on the fixed gas detection system or
individual instrumented control loop is only when the primary instrumented safety system
fails or another layer of protection fails.

Under no circumstances should the use of an additional safeguarding gas detection system
contribute to the Hardware Fault Tolerance (HFT) declaration for the instrumented safety
system.

A fixed gas detection system, as shown in Figure 1, may operate several times per year
subject to the application, therefore this international standard accepts that the demand rate
associated with ‘on demand’ (low demand) should be specified in the safety requirements
(e.g. a reference could be “> 1/yr but <10/yr”).

o

(_ START )
NO -~ Is a gas ~._ YES
g detection system
g specified? /
/ \ NO - Is there a stated
safety functlon
<_No gas hazard. > ——
N e \safety |ntegr|ty’? /
S
Contlnuous / S Demand Gas Detection Safety
e Instrumented System
PN
H System type >—
\ /
\ \ 4 \ 4 ; \ 4
Standard Safety Gas Gas De?ei?ion
Gas Instrumented Detection Detection Safe
Detection Control Prevention Mitigation Guardin
system system system system g
system

IEC 1059/14

Figure 1 — Gas Detection System Architecture

To assist with the possible complexity and unique requirements associated with fixed gas
detection systems, a fixed gas detection system may be broken down into functional units.
Each functional unit can vary in complexity; a functional unit may be a simple gas detector or
a combination of components which form peripheral equipment. Each functional unit is
independently assessed against this international standard and/or IEC 61508 during the initial
design phase of the functional unit, thus allowing safety data to be contributed to a functional
unit.

NOTE 2 Basic elements of a sub-system/system (e.g. a gas detector, logic controller/solver, etc.) are designed as
a product in compliance with IEC 61508 Parts 1, 2 and 3.

Each functional unit is then assembled in line with this international standard to deliver a
complete fixed gas detection system. It is not necessary to re-assess individual functional
units when they are used in a different configuration — it is only necessary to evaluate the
combination of functional units.



IEC 60079-29-3:2014 © IEC 2014 -9-

This international standard is based on the safety lifecycle model detailed in IEC 61508, but
adds additional and supportive information to assist with particular phases of this typical
safety lifecycle.

This international standard specifies those requirements under ‘Functional Safety
Management’ which all persons or companies who are involved in the supply chain of a fixed
gas detection system should comply with.

NOTE 3 Functional Safety Management applies to all stages of the safety lifecycle irrespective of the product,
subsystem, system supply or service being supplied.

For this document, the SIL capability excludes consideration of gas detection coverage or the
transport of gas or vapour to the measuring point — IEC 60079-29-2 is pertinent to these two
subjects.

Table 1 gives a broad suggestion as to the most relevant clauses to the typical tasks to be
performed.

Table 1 — Typical Job Descriptions and Most Relevant Clauses

o
) ] o
0 | 3 c ] N g
£2| 2 o | T S=|o0 c 2
- O c > E = bl ) c -t
o® 5 - s - > © o ©
- o o o cC<= | e T o|ls ° o c
° 9| e ‘S — S5l 9 8 o Cc|l® k-] = c °
Ss|S |vE| 2 |8L[°0|8 |SE|2 |§8| 3 |,E| %
7 € c( s =0 g S | ©.2) © SoO(® ° » O S
(] c () (%} © Fa [SPN) > O = © c € = -
- Q c € @ = 9| © =) > ] S T wn c
» o £ - oo =] = £ = O > =7 ) 9 c n Q
o s o | 00 25| © 00| S | 2ol 8= | E =) £ £.= £
2 = oc|BvE|® g T.E | £ oO°E | = E| o~ 8= o o £
= < = o S © ] S=l® (o= | ® ok | =c - - 3
o = co|medcE c 0.5 Q=2 0% | pE|lvg| 25 »n w € o
o o o |WwBI'S8 0 e TI=C|wd| 20| >p| 28| > | >0| ©
< 0 oS |02/ nE|l O 02| <5l lEc|ndE|OE| ® |®Do| o
Clause 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Consultant +++ et
Contractor +++ T+
Vendor +++ +++
System Integrator +++ +++
Manufacturer +++ +++
NOTE Each category above will have personnel in several of the categories below.
General management + + + + + + + + + ++ ++ + +
Design engineering / +++ + +++ +++ | +++ | +++ + + + ++ +++ ++ ++
management
System engineer / +++ + +++ +++ | +++ | | 4 ++ ++ + +++ ++ ++
management
Installation engineering / ++ + ++ + ++ + + +++ ++ + ++ ++ ++
management
Commissioning engineer ++ + ++ ++ ++ + + +++ ++ + ++ ++ ++
/ management
Service engineer / ++ + ++ ++ ++ + + ++ ++ +++ | +++ | +++ ++
management
Quality engineer / ++ + +++ +++ | +++ + +++ ++ +++ + ++ + +++
management
Training officers +++ + +++ +++ | +++ ++ + + + +++ + + ++
Opgratlon & + + ++ + ++ + ++ + +4++ | +++ | FH+ | |+
maintenance

“,n

“+++” Most appropriate “++” Advisable +” Useful

The end-user, regulator and certification authorities need to be familiar with the entire family of IEC 61508
standards.

NOTE See Annex B for guidance on the life cycle of gas detection.
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EXPLOSIVE ATMOSPHERES -

Part 29-3: Gas detectors — Guidance on
functional safety of fixed gas detection systems

1 Scope

This International standard gives guidance for the design and implementation of a fixed gas
detection system, including associated and/or peripheral gas detection equipment, for the
detection of flammable gases/vapours and Oxygen when used in a safety-related application
in accordance with IEC 61508 and IEC 61511. This International standard also applies to the
detection of toxic gases.

Other parts of this international standard and pertinent local, national and international
standards separately specify the performance requirements of a gas detector and a gas
detection control unit (logic solver). These standards are commonly known as Metrological
Performance Standards and are concerned with the accuracy of the measured value, the
overall system performance, but not the device or system integrity with respect to the safety
function. This international standard applies to the integrity of the safety function.

NOTE In certain jurisdictions{ it Tcanybe a\requirement for a Certification’ Body ‘to/certify the performance of
equipment for the measurement of flammable gases, vapours, toxic gases and/or Oxygen used in life safety
applications.

This international standard sets out safety-related considerations of fixed gas detection
systems, including associated and/orperipheral gas/detection equipment in terms of the
framework and philesophyJof-1EC.61508,/.anditintroduces:sthessparticular requirements
demanded by a fixed gas detection;system as.shown in Figure 2.

Gas Detection
‘Safety Instrumented’
System Standards

IEC 61511-1
IEC 61511-2
IEC 61511-3

IEC 60079-29-3

IEC 61508
System integrators & Gas
Detection system
manufacturers/integrators

Gas detection device

System integrators & Gas
manufacturers

Detection system
integrators

IEC 1060/14

Figure 2 — Related Safety Instrumented System Standards
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This international standard does not consider the Safety Integrity Level SIL 4. SIL 4 is
assumed to be unrealistic to be achieved for gas detection systems.

NOTE 3 It is rare for any risk study to determine a Safety Integrity higher than SIL 2 for a fixed gas detection
system.

This international standard is applicable for fixed gas detection systems, which might consist
of the following hardware functional units

e Gas sensor/transmitter

e (Gas detection control unit (logic solver)

e Gas sampling (single and multiplexed streams)

e Gas conditioning

e Automatic gas calibration and adjustment

e Output module (if not part of the control unit)
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance
requirements of detectors for flammablé(gasés

IEC 60079-29-2:2007, Explosive atmospheres o— - -BRart 29-2: Gas detectors — Selection,
installation, use and:.maintenance)of detectors for flammable gases,andoxygen

IEC 60079-29-4, Explosive atmospheres — Part 29-4: Gas detectors — Performance
requirements of open path detectors for flammable gases

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 61508-1, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 1: General requirements

IEC 61508-2, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 2: Requirements for electrical/electronic/programmable electronic safety-
related systems

IEC 61508-3, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 3: Software requirements

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

additional safe guarding system

fixed gas detection system or individual instrumented control loops which operate in parallel
(secondary) to an instrumented safety system, where the demand on the fixed gas detection
system or individual instrumented control loop is only when the primary instrumented safety
system fails or another layer of protection fails
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3.2

associated gas detection equipment

equipment additional to the gas detection equipment covered by IEC 60079-29-1 or
IEC 60079-29-4 which is part of the overall fixed gas detection system and is essential with
respect to the safety function

Note 1 to entry: Examples of associated gas detection equipment are gas sampling or gas multiplexing.

3.3

dangerous failure

failure which has the potential to put the safety-related system in a hazardous or fail-to-
function state

Note 1 to entry: Whether or not the potential is realised can depend on the channel architecture of the system; in
systems with redundant/multiple channels to improve safety, a dangerous hardware failure is less likely to lead to
the overall dangerous or fail-to-function state.

Note 2 to entry: An example of a dangerous failure is the loss of a sensing head.

3.4
fail safe mode
mode of output signal where the normal operation is the energised mode.

Note 1 to entry: In the case of loss of power supply the output will be de-energised and the signal is active.

3.5

fault signal

audible, visible or other type of output, different from the alarm signal, permitting, directly or
indirectly, a warning or indication{that the eguipment is not:working satisfactorily

3.6

functional unit

entity of hardware or software, or/both;ocapable)of)accomplishing a specified purpose which
may consist of several elements

3.7

hardware module

entity of hardware capable of accomplishing a specified purpose e.g. a transmitter or control
unit

3.8
measuring point
location of a gas detector

3.9

peripheral equipment

equipment which is part of the overall fixed gas detection system but is usually non-essential
with respect to the safety function

Note 1 to entry: Data storage is an example independent from the safety function.

3.10

proof test

periodic test performed to detect hidden failures in a safety-related system so that, if
necessary, the system can be restored to an “as new” condition or as close as practical to this
condition

3.11

safe failure

failure which does not have the potential to put the safety-related system in a hazardous or
fail-to-function state
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Note 1 to entry: An example of a safe failure is a fault in an EMC filtering circuit which has no influence in normal
operation but may cause a spurious alarm when EMC disturbances are present.

3.12
safe state
state of the equipment under control (EUC) when safety is achieved

Note 1 to entry: In going from a potentially hazardous condition to the final safe state, the EUC may have to go
through a number of intermediate safe states. For some situations, a safe state exists only so long as the EUC is
continuously controlled. Such continuous control can be for a short or an indefinite period of time.

3.13

sample line

dedicated pipe or tube which connects a sample point to a gas detector within a point to point
or multi-stream sampling system

3.14
sample point
end of a sample line where the sampled gas is taken from

Note 1 to entry: A sample point (hardware) normally comprises a physical housing containing a particle filter or
equivalent.

3.15

SlIL-capability

characteristic of functional units that comply with the requirements of IEC 61508-2 and
IEC 61508-3 suitable for usgjinsfunctions which are allocated a SlLL1,,2/or 3 respectively

3.16

special state

state of the equipment other than that;in which,monitoring of gas concentration takes place,
for example warm-up, calibration.mode. or fault,.condition

4 Requirements

4.1 General

It should be ensured that each of the requirements outlined in Clauses 5 through 16 has been
satisfied to the defined criteria and therefore the clause objective(s) have been met.

4.2 Demand rate
A fixed gas detection system may operate several times per year subject to the application,
therefore this international standard accepts that the demand rate associated with ‘on

demand’ (low demand) should be specified in the safety requirements (e.g. a reference could
be “> 1/yr but <10/yr”).

Proof test intervals for low demand mode are determined with the assumption that the
demand rate is maximum 1 per year.

If the specified demand rate is higher than 1 per year by factor “X” the proof test interval shall
be reduced by the factor “X”.

5 Gas detection unique features

5.1 Objective

The objective of Clause 5 is to identify unique features which apply to fixed gas detection
systems with respect to other sensing elements, instrumented control systems and actuators.
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