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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proce
described
different t}

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws

lures used to develop this document and those intended for its further maintenanee
n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
rpes of ISO document should be noted. This document was drafted in accordance ‘with

attention to the possibility that the implementation of this document may\involve the

are
the
the

use

of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rig}
notice of (3
cautioned

ts in respect thereof. As of the date of publication of this document, ISO had not recei
) patent(s) which may be required to implement this document. However, implementers
fhat this may not represent the latest information, which may be‘obtained from the pa

database
such pate

Any trade
constitute

For an ex]
expression
the World
WWW.iS0.0

o

ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any o
rights.

hame used in this document is information given for the‘convenience of users and does
hn endorsement.

planation of the voluntary nature of standard$,*the meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles incthe Technical Barriers to Trade (TBT),
g /iso/foreword.html.

This docur
processing
Technical

Agreement

This secon
revised.

The main d
— revise

improy

additid

equipment, in collaboration with>the European Committee for Standardization (C
Committee CEN/TC 186, Industrial thermoprocessing - Safety, in accordance with
on technical cooperation between ISO and CEN (Vienna Agreement).

1 edition cancels and replaces the first edition (ISO 13577-2:2014), which has been technid

hanges are as follows:
1 document structure with requirements consolidated for the different fuels;
rementand specification of the requirements for testing the fuel pipework after construct]

nofirequirements for gas pressure boosting systems;

ved
are
fent
- all

not

and
to
see

hent was prepared by Technical Committee ISO/TC 244, Industrial furnaces and associqited

EN)
the

ally

ion;

integration of selected requirements from the regional annexes into the global standard text;

requirements for solid fuels removed;

regions.

Alist of all

parts in the ISO 13577 series can be found on the ISO website.

additional informative annex listing relevant product standards for components in the different

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete li

Vi

sting of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a type-C standard as defined in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.)

Ot
ab

The
pro

Thd
haz

Wh

1

rs can be affected by the level of machinery safety achieved with the means of the docuy
e-mentioned stakeholder groups:

machine users/employers (small, medium and large enterprises);

service providers, e.g. for maintenance (small, medium and large enterprises);
consumers (in case of machinery intended for use by consumers).

above-mentioned stakeholder groups have been given the possibility to participate at t
Cess of this document.

machinery/equipment concerned and the extent tQ.which hazards, hazardous sit
hrdous events are covered, is indicated in the Scope 6fthis document.

en requirements of this type-C standard are different from those which are stated in ty

stamdards, the requirements of this type-C standard take precedence over the requirem

oth
typ

Thi
pot
this
[EC

Con
the
Thi

Ind
cony

br standards, for machines that have been designed and built according to the requirem
p-C standard.

5 document assumes that the equipmment is installed in a ventilated area and does not
bntially explosive atmosphere. The installation of a TPE in accordance with the requi
document will not by itself require a change to the classification of the TPE location a
60079-10-1:2020.

formance with product'standards, e.g. ISO 22967:2010 or ISO 22968:2010 is not sufficien

5 document always.has priority for TPE.

Istrial furnaces’ and associated processing equipment (TPE) generally consist of thg
ponents;

processing chamber (e.g. steel construction with lining and/or refractory);

machine users/employees (e.g. trade unions, organizations for people with.special need$

hent by the

e

p

he drafting

uations or

pe-A or -B
bnts of the
bnts of this

create any
rements of
rcording to

t to ensure

minimum safety requirements for industrial furnaces and associated processing equipment (TPE).

following

Heating systems;

protective system;

control and instrumentation system / operator-control level.

ISO 13577-1:2016 provides the general safety requirements common to TPE. This document details in
addition specific safety requirements for combustion and fuel handling systems that are part of TPE as
listed in the Scope.

The
The

Itis

©IS

requirements for protective systems are specified in ISO 13577-4:2022.
requirements for reducing hazards from noise are given in ISO 13577-1:2016.

assumed that TPE are operated and maintained by trained personnel.

02023 - All rights reserved
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In

dustrial furnaces and associated processing

equipment — Safety —

Part 2:
Combustion and fuel handling systems

Thi
par
bur

NOT
Ann
ISO

Thi
and
as d

Thi

Thi
fred

For
bur

Thd
pre

Thi
Thi

Scope

5 document specifies the safety requirements for combustion and fuel handling systen

hs that are

L of industrial furnaces and associated processing equipment (TPE), including single afd multiple

ner systems in thermoprocessing equipment and machines.

E The general safety requirements common to TPE are provided in ISO 13577-1:2016. ISO 13
ex B also includes a list of processes for which industrial furnaces ahd heating systems cov
13577 series are used.

5 document deals with significant hazards, hazardous situations and events relevant to ¢

577-1:2016,
ered by the

ombustion

fuel handling systems as listed in Annex A, when used a§jintended and under the conditions for use

escribed in the instruction handbook.

5 document covers:

fuel pipework downstream of and including the manual isolating valve;

combustion air supply (including oxygen and oxygen enriched combustion air) and flue g
burner(s), burner system and ignitioh-device;

functional requirements for safety related control system.

5 document applies to any-0xidation of gaseous and liquid fuels with air or other gases

as system;

containing

oxygen to release thermalenergy in TPE. Annex B includes examples of gaseous and liqfiid fuels.

thermal or catalytie post combustion and waste incineration, this document applies only {
hers designed to-start-up and/or support the process.

pressure hazard of the piping and components covered by this document is within the
bsure/size relationship of category I as specified in Annex C.

5 document also gives the necessary requirements regarding information for use.

o auxiliary

maximum

5 document does not cover hazards from heating generated by electricity.

This document does not deal with the hazards created by the release of flammable substances from the
products processed in the TPE.

This document is not applicable to combustion and fuel handling systems:

of gas welding and allied processes;

up-stream of the TPE manual isolating valve.

This document is not applicable to industrial furnaces and associated processing equipment
(TPE), including single and multiple burner systems in thermoprocessing equipment and machines
manufactured before the date of its publication.

© IS0 2023 - All rights reserved
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This document is not applicable to blast furnaces, converters (in steel plants), boilers, fired heaters
(including reformer furnaces) in the petrochemical and chemical industries.

This document is not applicable to electrical cabling and power cabling upstream of the TPE control
panel/protective system.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated rc]:erences, the Tatest edition of the referenced document (including any amendments] applies.
ISO 7-1:1994, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensipns,
tolerances @ind designation

ISO 49:199(4, Malleable cast iron fittings threaded to ISO 7-1

1SO 228-1:2000, Pipe threads where pressure-tight joints are not made on the threads—-Part 1: Dimensipns,
tolerances @ind designation

ISO 5817:2014, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam weldling
excluded) + Quality levels for imperfections

ISO 7005-1:2011, Pipe flanges — Part 1: Steel flanges for industrial and'general service piping systems

ISO 7005-2:1988, Metallic flanges — Part 2: Cast iron flanges

ISO 8434-1:2018, Metallic tube connections for fluid power ayid-general use — Part 1: 24° cone connectlors
ISO 8434-2:2007, Metallic tube connections for fluid power and general use — Part 2: 37 degree flqred
connectors

ISO 8434-3:2005, Metallic tube connections forfluid power and general use — Part 3: O-ring face fseal
connectors

IS0 12100:R010, Safety of machinery — General principles for design — Risk assessment and risk reduction
ISO 13574:R015, Industrial furnaces-and associated processing equipment — Vocabulary

ISO 13577{1:2016, Industrial fuknaces and associated processing equipment — Safety — Part 1: Genpral
requiremernts

ISO 1357744:2022, Industrial furnace and associated processing equipment — Safety — Part 4: Protedtive
systems

ISO 16852:2016, Flume arresters — Performance requirements, test methods and limits for use

ISO 1987912040, Metallic tube connections for fluid power and general use — Test methods for hydrdulic
fluid powerTommections

[SO 23550:2018, Safety and control devices for gas and/or oil burners and appliances — General
requirements

ISO 23551-1:2012, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 1: Automatic and semi-automatic valves

[SO 23551-2:2018, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 2: Pressure regulators

ISO 23551-5:2014, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 5: Manual gas valves

© IS0 2023 - All rights reserved
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[SO 23551-6:2014, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 6: Thermoelectric flame supervision controls

[SO 23552-1:2007+AMD 1:2010, Safety and control devices for gas and/or oil burners and gas and/or oil
appliances — Particular requirements — Part 1: Fuel/air ratio controls, electronic type

ISO 23553-1:2014, Safety and control devices for oil burners and oil-burning appliances — Particular
requirements - Part 1: Automatic and semi-automatic valves

ISO 23555-2:2022, Gas pressure safety and control devices for use in gas transmission, distribution and
installations for inlet pressures up to and including 10 MPa

IEC

IEC
auti

IEC
aut

ASN

CAN
Bur

CAN
Par]

CSA
CSA

EN
reg

EN
reg

EN
reg

EN
and|

EN
sup

EN

60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: Generdl T

60730-2-5:2013+A1:2017, CSV, Automatic electrical controls - Part 2-5: Particular|requi
bmatic electrical burner control systems

60730-2-6:2015+A1:2019, CSV, Automatic electrical controls - Part 2-6: Particular requir
bmatic electrical pressure sensing controls including mechanical requirements

1E B1.20.1-2013, Pipe Threads, General Purpose, Inch

/CSA-C22.2 No.199-M89:2004, , Combustion Safety Controls andySolid-State Igniters for G
hing Equipment

[/CSA-C22.2 N0.60730-2-4-14: 2019, Automatic electrical controls for household and sir
b 2-5: Particular requirements for automatic electrical buyner control systems

/ANSIZ21.18-2019/CSA 6.3-2019, Gas appliancepressure regulators
/ANSIZ21.21-19/CSA 6.5-2019, Automatic valyes for gas appliances

88-1:2016, Pressure regulators and assaciated safety devices for gas appliances — Part
ilators for inlet pressures up to and including 50 kPa

B88-2:2015, Safety and control devices for gas burners and gas burning appliances — Part
Wlators for inlet pressure above 50 kPa up to and including 500 kPa and associated safety de

88-2:2020, Pressure regulators and associated safety devices for gas appliances — Part
iators for inlet pressures-above 500 mbar up to and including 5 bar

B8-3:2017, Safety.and control devices for gas burners and gas burning appliances — Part
or flow rate regtlators for inlet pressures up to and including 500 kPa, electronic types

125:2010+A:1:2015, Flame supervision devices for gas burning appliances — Thermoelg
prvision.deyices

1612013, Automatic shut-off valves for gas burners and gas appliances

quirements

rements for

ements for

as- and Oil-

hilar use -

1: Pressure
2: Pressure
bices

P: Pressure

3: Pressure

ctric flame

aVaValila Va ¥ e N B FRCI ) ~ 1 -~ yal 1 L 1: b -
EN 470.4ULlZ, AULUNTueIC ourricr CUrierorsysSceCiris Jur vurricrs urd UppIruriccs vduririmiyg guscous or

liquid fuels

EN 331:2015, Manual operated ball valves and closed bottom taper plug valves for gas installations for

buil

dings

EN 334:2019, Gas pressure regulators for inlet pressure up to 100 bar

EN 1854:2010, Pressure sensing devices for gas burners and gas burning appliances

EN 12067-2:2004, Safety and control devices for burners and appliances burning gaseous or liquid fuels —
Control functions in electronic systems — Part 2: Fuel/air ratio control/supervision of the electronic type

EN 14382:2019, Gas safety shut-off devices for inlet pressure up to 10 MPa (100 bar)

©IS
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EN 13774:2013, Valves for gas distribution systems with maximum operating pressure less than or equal to
16 bar - Performance requirements

EN 16678:2016, Safety and control devices for gas burners and gas burning appliances — Automatic shut-
off valves for operating pressure of above 500 kPa up to and including 6,300 kPa

EN 60730-2-5:2015+A1:2019, Automatic electrical controls for household and similar use — Part 2-5:
Particular requirements for automatic electrical burner control systems

EN 60730-2-6:2016+A1:2020, Standard for automatic electrical controls — Part 2-6: Particular
requirements for automatic electrical pressure sensing controls including mechanical requirements

JIS C 9730
requiremer

UL 372:201

2-5:2010, Automatic electrical controls for household and similar use — Part 2-5: Paxtic
ts for automatic electrical burner control systems

2, Automatic electrical controls for household and similar use — Part 2: Particulgr requirem

lar

Pnts

for Burner [gnition Systems and Components, 6th Edition

UL 429:2013, Standard for Electrically Operated Valves, 7th Edition

UL 60730-R-5:2014, Automatic electrical controls for household and similar use<— Part 2-5: Particpular
requiremer|ts for automatic electrical burner control systems

UL 60730-R-6:2016, Standard for automatic electrical controls — Part2-6: Particular requirementy for
automatic ¢lectrical pressure sensing controls including mechanical requirements

3 Termis and definitions

For the pul
and the fol

ISO and IE
ISO On

IEC El¢

3.1
maximum
maximum

poses of this document, the terms and definitions given in ISO 12100:2010, ISO 13574:2
owing apply.

[ maintain terminology databases for use'in standardization at the following addresses:

line browsing platform: available-at-ittps: //www.iso.org/obp

ctropedia: available at httpsi//www.electropedia.org/

allowable pressure
pressure for whichthe’/equipment or piping system is designed

015

Note 1 to enftry: This definition-takes precedence over the definition specified in ISO 13574: 2015, 2.132.

3.2

line-burner

burner where thehousing has a linear or grid style geometry typically equipped with multiple noz
or other elpmeénts for introduction of fuel, air or fuel/air-mixtures and creating a linear or grid sh
flame patt¢rivby flame propagation from one nozzle/element to another

zles
ape

4 Safety requirements, measures and verification means
4.1 General

4.1.1 Safety objectives and basic requirements

Combustion and fuel handling systems that are part of industrial furnaces and associated processing
equipment (TPE), including single and multiple burner systems in thermoprocessing equipment and
machines, shall comply with the safety requirements of this document. In addition, the machine shall be
designed according to the principles of ISO 12100:2010 for hazards that are relevant, but not significant,
and which are not dealt with by this document.

4 © IS0 2023 - All rights reserved
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The safety objectives of this document include:

The
and

trapsient conditions shall be considered also. In particular, all the components of the fuel pip§

bel
me
ford

Wh

(e.g
con
as g

NO'I
add
ISO

NOT
wit
of t
Ele

NOTI

reqiiired to reduce the riskioflelectric shock. The impedance of the protective equipotential bonding is

at a

congluctive parts is loweér than AC 50V and DC 120V.

To 1
resi

Safé
for

!

choice of materials such that the construction and operation of the system are not detrimentally

affected;

reliable ignition of the air/fuel-mixture at the burner(s);
prevention of unintentional release of unburned fuels;
shut off fuel-supply in case of relevant fault;

protection of pipplinp to prprlndp the propagation of flame in reverse direction:

prevent firing when the evacuation of flue gas/combustion products is not ensured;
prevent firing when the process conditions are not in the safe state.

safety devices-, fittings-, pipework and equipment design shall take into,account the c
properties (e.g. pressure, temperature, corrosiveness, specific gravity)-of the used

bcated to avoid overheat above design temperature and damage, andbé capable of withst
hanical, chemical and thermal loads to which they can be subjected during normal opsg
seeable abnormal operation (e.g. identified during a safety assessment).

bre other fuel gas than natural gas, manufactured gas, or liquefied petroleum gas (LI
hydrogen or natural gas blend containing hydrogen) risk assessment shall prove the st

art of the equipment description.

E1  Use of fuel with very high content of hydrggen for industrial heating applications can r¢
tional precautions due to its high flame speed, wider flammability range and hydrogen embrit{
TR 15916:2015, 6.2.2, B.3 and Annex C provides useful information for the TPE industry.

E2  Product standards, e.g. ISO 23551-1 for automatic-shut-off valves, are limited for comp
natural gas, manufactured gas or liquefied petroleum gas (LPG), i.e. high-purity hydrogen is out
e product standard.

trical equipment and circuits'shall be designed in accordance with IEC 60204-1:2016.
E3  According IEC 60204-1, protective equipotential bonding of pipework and its accessg

low level so that in‘the event of a fault the possible touch voltage between two simultaneous

minimize ignition hazards due to electrostatic charges, pipework and its accessories s
stance td earth of not more than 1 MQ. That will ensure safe dissipation of static electrig

ty furctions shall be designed in accordance with ISO 13577-4:2022, where the use of
functional safety IEC 62061:2021, ISO 13849-1:2015, IEC 61511-1:2016, IEC 61

bmposition
substance,
pwork shall
anding the
ration and

G) is used
itability of

ponents and procedures. Relevant information shall be included in the instruction handbook, e.g.

Pquire some
lement, etc.

onent's use
of the scope

ries can be
maintained
y touchable

hall have a
ity.

standards
511-2:2016

IEC

o144 23 30 1 A A nVal 100 4 23040 A A nVal 100 2 3040 A A nVal 100 2 3040 A A nVal 2.0
O1011-0.2U10 dIlU 1LV 0O10UO-1.2U1lVU, ILU 010VUO0-4.2VU1VU, ILLU O10UO0~O.2U1VU, 1ILU O1

08-4:2010,

IEC 61508-5:2010, IEC 61508-6:2010, IEC 61508-7:2010 is included. Annex D provides information for

the

4.1.

determination of the SIL or PL of safety-related functions covered in this document.

2 Over-temperature protection

Over-temperature protection shall be fitted, unless the risk assessment has identified no over
temperature hazard. This protection shall cause safety shutdown when it detects combustion chamber
temperature exceeding prescribed safety limit. The risk assessment shall determine whether this
function shall meet the requirements of the protective system according to ISO 13577-4:2022. SIL/
PL capable devices shall be used for over-temperature protection in case the function shall meet the
requirements of a protective system according to [SO 13577-4:2022.
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4.1.3 Accumulation of hazardous fluids

The occurrence of hazardous situations by accumulation of hazardous fluids (e.g. from unburned fuel
gas) in potentially less ventilated spaces (e.g. pits, cellars, etc.) shall be prevented. The risk assessment
shall determine whether gas detectors need to be installed.

4.1.4 Seismic protection

In seismic prone areas where seismic intensity can exceed 325 gal, safety measures should be
implemented which cause safety shutdown when excessive seismic impact is detected. The risk

assessmen

shall determine details

4.1.5 Re

sional requirements

See Annex

I, Annex | and Annex K which include background information about regionalregulat

and specifi

4.2 Fuelpipework

4.2.1 Gelneral

The pipew¢rk shall be tight and the design shall take into account the.cémposition and properties of
fuel and thee need for venting, purging, cleaning, trace heating and{nsulation. The design of pipew
shall be suth as to avoid tensile loading of the joints.

NOTE
its surroun

Due to du
and the sa
conditions

The pipew
causing os

regional requirements.

ue to its tightness, external releases are not expected,@or are any explosive atmosphere foreseg
ings, during the lifetime of the equipment.

Fability, steel is the preferred material for‘pipes and components but where appropr
e safety levels can be achieved then other materials may be utilized. Such materials
of service shall be specified in the instruction handbook.

brk shall be designed to avoid the possibility of fuel velocities and pressure fluctuat
cillations which could cause damage to pipework, components or safety systems (e.g

ons

the
ork

nin

jate
and

ons
by

designing the correct sizing of pipe, using pressure regulator).

Oscillations which may cause damage to pipework, components or safety systems shall be prevented
(by firm anjchoring and/or use ¢f flexible couplings).

The design of the liquid fuelpipework shall have a structure which prevents accumulation of air in|the
pipework and measureAfor removal of air shall be fitted at positions where accumulation of air may
occur.

4.2.2 Copnections

Pipework tofinections shall be metallic and shall be of threaded, compression, flanged, welded or

brazed types. The number of connections shall be kept to a minimum. Threaded connections should be
avoided where possible and shall only be used as specified in 4.2.2.1 and 4.2.2.2

Where the equipment has a threaded connection, this thread shall comply with ISO 228-1:2000 or
[SO 7-1:1994 or ASME B1.20.1-2013, as appropriate.

The use of threads complying with ISO 228-1:2000 (parallel threads) is limited to a diameter up to DN
50. In case of threads according to ISO 228-1:2000, the tightness shall be ensured by a ring gasket, not
sealants in the threads.

In case of threads according to ISO 7-1:1994 (conical threads) suitable sealants shall be used to ensure
tightness. Hemp shall not be used in threaded connections unless reinforced with a suitable sealant.
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Compression fittings shall comply with ISO 8434-1:2018, ISO 8434-2:2007 and ISO 8434-3:2005 or
ISO 19879:2010. For gaseous fuels, compression fittings shall only be used for diameters up to 42 mm
and pressures as given in the fitting standards. For liquid fuels, compression fittings shall only be used
for pressures up to 4 MPa and diameters up to DN 32.

Flanges shall comply with ISO 7005-1:2011 and ISO 7005-2:1988, as appropriate. Suitable gaskets shall
be used to ensure (enhanced) tightness.

NOTE Examples of suitable gaskets are:

aramid fibres bonded with rubber (NBR) with or without PTFE envelope;

Arc

Any

spiral wound gasket;

expanded graphite with grater-type core;

moulded PTFE flat gaskets with stainless steel insert;

plain and filled PTFE.

welding shall comply with ISO 5817:2014, quality level C.

pipe passing through an unventilated space shall not have a connection except welded j

Othler connections may only be used providing they ensure tight'€onnections and are suitably

Spe

4.2

Gas
pre

For
ens

Thn
pre

For

cial requirements for liquefied petroleum gas in the liquid phase shall be considered.

2.1 Threaded connections for gaseous fuels

eous fuel threaded connections according t@ SO 7-1:1994 shall be used only for th¢
ssure/diameter combinations:

pressures up to 15 kPa, and diameterstup to DN 65;
pressures up to 200 kPa, and diameters up to DN 50;
pressures up to 500 kPa, and.diameters up to DN 25;
pressures up to 1 MPa,@and diameters up to DN 15.

threaded connectipns-according to ISO 228-1:2000 no pressure limit is applicable; tightn
ired by suitablering gasket.

eaded connégtions according to ASME B1.20.1 (NPT threads) may be used up to DN
ssure limitation.

cast iron fittings according to ISO 49:1994, the following limitations shall be observed:

ints.

identified.

b following

bss shall be

b0 without

fitbings shall be class “A”;

4.2,

For

©IS

maximum allowed pressure is 50 kPa.

2.2 Threaded connections for liquid fuels

liquid fuels threaded connections shall be used only for the following combinations:
pressures up to 1 MPa;

temperatures up to 130 °C;

diameters up to DN 25.
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Threaded connections may be used for higher pressures and temperatures where the connection
is specifically designed to operate under those conditions without creating a risk. In this case the
connection ratings for pressure and temperature shall be specified in the instruction handbook.

4.2.3 Unconnected pipework

Any unconnected pipework shall be plugged, capped or blank flanged by means of metallic parts.

424 Ga

lvanic cells

Corrosion
are formed
copper scr

4.2.5 Flexible tubing and couplings

Flexible tu
— shallb
shall b

shall b
15 kP4
tempe

shall h|
shall b
shall h

shall K
applic3

Couplings
disconnect]

4.2.6 Mz
The pipew

NOTE I

4.2.7 So

ldentification of fuel pipework is dealt with by national regulations or standards.

: H 1. 1 1 4] . 4t 1 £ b £ 1 : i YAl | -
1T PIPTIIICS LAl UT LAdUsSTU Uy LT UIHTILTIIUIUIIAD TUT TTIAUUIT U d 5dIVdllit LTIl Udlvdlilit 4

when materials with different electrochemical potentials are conductively connected

bing shall comply with the general requirements of 4.2.1, together with the following:
e as short as practicable;
e capable for the maximum and minimum allowable (fuel and ambient) temperatures;

e capable for a pressure 1,5 times the maximum allowable pressure (with a minimuny
| for gaseous fuels or 100 kPa for liquid fuels), at thedmaximum and minimum allow
ratures;

ave a directly accessible, upstream manual shutsoff valve;
e mounted in such a way as to avoid distortioh, whiplash and damage;
ave end fittings as integral parts of the'tubing;

e constructed from suitable material both metallic and/or non-metallic selected for
ition duty and not be easily damaged.

for removable equipmentshall ensure a tight connection with the equipment connected
ed.

rking

brk shall be identified with respect to the fuel being carried.

indness/tightness

ells
e.g.

ew in an aluminium sheet, stainless steel sheet screwed to steel sheet). This shall(be"taken
into accoumt when selecting the material for piping.

h of
hble

the

and

After assembly and prior to commissioning, the pipework shall be subjected to a pressure decay test to
verify the tightness and confirm the piping is leak free. The leakage test shall cover all the piping, from
the manual isolating valve down to the final fitting before the burner(s). The test shall be conducted by

a pressure

decay test with the following three conditions:

— theinitial test pressure shall be atleast 1,1 times the maximum allowable pressure of the equipment,

— the minimum duration of the test by volume shall be according to Figure 1,

— the pressure drop shall be less than 500 Pa.
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Y
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Key

X |pipe volume expressed in dm3 pa point of the volume at and below which ¢, is

applied

Y |leak test time expressed in minutes @>  point of the volume (1 000 dm3) af ¢; o090

tmin| Minimum leak test time t1 000 leak testtime at the pipe volume df 1 000 dm3
3 |tnin has to be atleast 30 min. for the-pipe volume b t1 000 is estimated to be at least 300 min.

atand less than 100 dm3.
Figure 1 — Test time for pressure decay test depending on test volume

For|test volumes lafger than 1 000 dm3 the graph shall be extrapolated. For gas pipework tested by
using qualified and/automated test rigs, shorter test times calculated to detect a leak rate ¢f less than
1 Nfim3/h are aeceptable.

The tightiiess test as described serves to prove that the leakage is below 1 Ndm3/h. For largelequipment
thid maythardly be achievable. Alternative test procedure may be used if risk assessment proves
suitlability, e.g. by proving sufficient dilution of leakages to a safe level. mr

Where the pressure cannot be maintained, a bubble test shall be conducted at a pressure between 5 kPa
and 25 kPa to identify the location of the leaks. Leaks shall be repaired and then retesting is required.

Where the maximum allowable pressure is 20 kPa or less, a bubble test may be used as an alternative to
the pressure decay test.

In addition to the pressure test on the pipework, all the pressure relief valves shall be tested to ensure
their operation at the correct pressure.

Testing after assembly proves tightness. Repeat testing is required during operation/usage of the
equipment to verify the ongoing integrity. The instruction handbook shall include advises, e.g.
recommended intervals of test procedures and documented maintenance (see 6.3.1 and 6.3.3).
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4.2.8 Condensate drains on gas pipework

In cases where condensates can create a hazard, means shall be provided at the lowest points of the
equipment for draining any condensate. When moist gases are being used, condensate drains of a
suitable type shall be installed. Any condensate drains, siphons, etc. shall be in a position such that they
can be easily checked. Flammable condensates shall be collected by an appropriate means (e.g. piped
into a container).

Valves in condensate drains shall be suitably plugged, capped or blank flanged by metallic parts.

4.2.9 Fugl pipe heating

Where theffuel pipe needs to be heated and insulated to maintain the required temperature, safegiigrds
shall be provided to prevent the temperature and/or pressure of the fuel exceeding the‘maximum
design valyes.

NOTE IIn case of low ambient temperature or in case of ambient temperature below dew point, fuel pipe
heating can|be necessary for gaseous fuels.

The trace heating system shall include all equipment, such as regulating and shut-off mechanismg. In
the case of vapour or liquid heating, the heating system shall be provided\with suitable condengate
outlets and shut-off valves.

4.2.10 Purge points

Means shdll be provided to facilitate purging of the fuel&pipework during commissioning pand
maintenanie. The discharge shall take the following into accaunt, in particular:

— risk oflcombustion or explosion;
— avoidi[:ce of recirculation into the combustion chamber;
— avoidalnce of introduction into drains and pits;

— specific gravity of the substances.

4.2.11 Pressure relief devices

Pressure rglief devices shall beprovided as necessary. They shall ensure that the operating presqure
remains bg¢low the maximuni-allowable pressure of the pipework and components installed see 4.3.3
for gaseous fuels and 4.5.3 forliquid fuels.

Pressure rglief devices shall be positioned such that the discharge flow and the pressure relief deyice
does not cqnstitute@yisk to the equipment, personnel or third parties.

4.2.12 Blow<off and breather pipes or conduits

Where blow-off or breather pipes or conduits are fitted on regulators or relief valves or vent valves,
adequate means shall be provided to facilitate the venting of gas from the system to a safe discharge
area.

In case breather pipes or blow-off pipes are gathered, the cross section of the collector pipe shall be
suitable to evacuate simultaneously total flow rates of the exhaust sources.

In case breather pipes are gathered with blow-off pipes, non-interaction of the collected pipes, valves
and instruments shall be verified.
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4.2.13 Equipment supplied with different fuels

Where a burner is intended for alternating use with more than one gaseous and/or liquid fuels, means
shall be provided to ensure that the supply pipework of the fuel not being fired is positively isolated.

4.2.14 Bypass

Bypasses shall not be fitted mechanically and/or electronically in parallel with any item of safety
equipment except in the cases where:

— interlock to prevent start-up of the equipment while bypass operation is in action, or

— |the bypass is a stand-by system or for start-up equipped with automatic shut-off val¥e(s) like in the
bypassed section, or

— |the compensating measures defined by the risk assessment ensure continued safe operdtion.

Thip requirement shall not apply to valve proving systems (see ISO 23551-4:2018) on automdtic shut-off
valyes and to testing of low-pressure safety function prior to start-up.

4.2{15 Isolation of required safety devices

Reduired safety devices (e.g. pressure switches, relief valves) shall not be isolated from thelequipment
they protect during start-up or operation of the burner. In case/isolating valves cannot be ayoided and
are[mounted between these required devices and the mainlihes, these isolating valves shall pe lockable
in the open position during operation of the equipment by adequate means (e.g. manual lock [removable
han{dle).

4.3| Required safety devices for gaseous fuels

4.3{]1 Manual isolating valve

A manually operated isolation valve,shall be fitted upstream of the first control device in thelgas circuit.
Manual isolation valves shall be so designed or positioned as to prevent inadvertent operati¢n but shall
be dasily accessible and capable of rapid operation when required.

They shall be so designed that the “OPEN” and “CLOSED” positions are readily distinguishable (e.g. a
90°|turn valve if applicable and available).

Marual isolating valye(s) shall comply with ISO 23551-5:2014 or regional product standard(s)) according
to H.1.6 if applicable!

4.3|2 Filtér/strainer

Sperialicdre shall be taken to prevent the ingress of particles, either from the pipework dr from the
gas| which would be detrimental to the operation of the equipment by the incorporation of a suitable
filtering device immediately downstream of the first manual isolating valve of the TPE. Additional
filters/strainers may be required (e.g. immediately upstream of the automatic shut-off valve). The
filter and/or the strainer shall be positioned in such a way that periodic servicing remains easy. The
mesh size and filtering capacity of the filter/strainer shall be chosen according to the requirements of
downstream equipment.

NOTE Normally safety and control devices for gas burners and gas-burning appliances require upstream
filters with mesh size < 50 um. Strainers with larger mesh size are only suitable for primary cleaning.

In case of the installation of a bypass to the filter/strainer, an identical filtering device shall be installed
on the bypass line.

The intervals for checking the filter and/or the strainer shall be specified in the instruction handbook.
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In case of by-product gas utilization (i.e. COG, BFG, mix gases, etc.) in lieu of a filter installation, the
following different/additional precautions shall be taken:

— installation of automatic shut-off valves for which tightness is less susceptible to possible dirt
accumulation (e.g. triple eccentric butterfly valves, rotary plug valve);

— gas piping designed to collect possible condensate and dirt to designated points;

— provision of inspection holes for pipes/equipment cleaning and dedicated detailed procedure in the
instruction handbook (see 6.3);

i £ £ 1 il s 'S d al 3
— Increageett CqOCTICy OT v arv e trgIrtiIc S S e ST ara CICartITiTs,

— description of need for cleaning of the gas in dedicated plants upstream the TPE in the instrucfion
handbpok (see 6.3).

4.3.3 Gals pressure regulator

A gas presgure regulator shall be incorporated where this is necessary for controhof the pressure pnd
e.

e regulators when fitted shall comply with ISO 23551-2:2018, ISO 23555-2:2022 or regi¢nal

If the outldt of the gas pressure regulator and/or the following pipe seéction with equipment up to|the
burner is/gre not designed for the maximum allowable pressurey(inlet pressure upstream to the|gas
pressure regulator under fault conditions), an overpressure cutroff device shall be installed upstr¢am
of the gas pressure regulator shutting off the gas supply before the downstream pressure exceeds|the

essure cut-off device shall be a mechanical valve which measures the gas presqure
downstream of the gas pressure regulator by means of an impulse line and closes by spring force in
case the pressure exceeds the set response pressure. Overpressure cut-off devices shall comply With
regional prjoduct standard(s) according to E.1:3/if applicable.

Other meaps of conducting overpressure’ cut-off and relief functions shall meet the requirements fof a
protective system according to ISO 135%7-4:2022.

A small cdpacity relief valve (token relief valve) shall be applied downstream of the gas presqure
regulator, if an over pressure eut-off device is installed, to vent small leakages of the high-pressure fcut-
off and to 1jelease pressure péaks resulting from closing shut-off valve(s).

NOTE small capacify.relief valve also helps to release overpressure peaks caused by simultaneous closing
of multiple gutomatic shirt-off valves.

Pressure adjustni€nt on the gas pressure regulator, overpressure cut-off device and relief valve shall
only be pogsible with a tool provided for the task.

Where the gas for P 1y € gas pressure regulator to 1ain
burner(s), the pilot burner shall be equipped with a separate gas pressure regulator.

4.3.4 Low gas pressure protection

Low gas pressure protection shall be fitted unless the risk assessment has identified no low-pressure
hazard. The low gas pressure protection device shall provide satisfactory and reliable proof of the
pressure for all operation conditions.

In the event of pressure falling below a pre-determined value, the low gas pressure protection shall:
— prevent start-up, or

— cause safety shutdown and lock-out.
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This function shall meet the requirement of the protective system according to ISO 13577-4:2022.

Gas pressure sensing devices shall comply with IEC 60730-2-6:2015+A1:2019 or regional product
standard(s) according to E.2.3.

4.3.

5 High gas pressure protection

High gas pressure protection shall be fitted unless:

the equipment supply pressure does not exceed 10 kPa; and

ori

NO'
valy

Int

Thi

Gas

stamdard(s) according to E.2.3.

Tegulator failure does not result In an unsale start-gas rate being obtained or an unsa
ratio of each supplied burner;

n case the risk assessment has identified no high-pressure hazard.

E
e or to protect the furnace from excess power brought on by this gas overpressure)

he event of pressure exceeding a pre-determined value the high gas pressure protection
prevent start-up, or

cause safety shutdown and lock-out.

5 function shall meet the requirement of the protective.system according to ISO 13577-4

pressure sensing devices shall comply with IEC 60730-2-6:2015+A1:2019 or region

fe gas/air-

This function includes protection of the gas equipment from overpressuré beyond their maximum

shall:

2022.

al product

4.3/6 Automatic shut-off valves

Theg gas supply to each burner, pilot burner or group of burners shall be under the confrol of two
autpmatic shut-off valves in series in the'gas pipework in accordance with ISO 23551-1:2012 pr regional
profduct standard(s) according to E.xz1s

Autpmatic shut-off valves shall be capable of withstanding all upstream pressures, backprgessure and
differential pressure under all process circumstances.

The sealing force for automatic shut-off valves, as defined in ISO 23551-1:2012, shall be ¢qual to or
greater than 15 kPa.

For|natural draught burner with a controlled capacity below 70 kW, the sealing force for] automatic
shuf-off valves,asdefined in ISO 23551-1:2012, shall be at least 5 kPa.

A th

stapdardsaccording to E.1.7 to be considered acceptable for natural draught burners operat|

air

ermo-eleetric flame supervision device shall comply with ISO 23551-6:2014 or alternati

ve regional
ing in open
ombustion

with* controlled capacities below 70 kW, and for natural draft burners operating in ¢

2 L 1-IAL

cha

h) sl 4 ol i Lol
ITUTT VVILIT CUTILT UIICTU LCllJ(]LlLlCD UCIUVW 4, J NVV.

The automatic shut-off valve shall endure the intended number of cycles in the TPE.

Valve construction and materials shall be suitable for the operating conditions (e.g. temperature and
pressure) and the fuel gas characteristics (e.g. composition), see 4.1.1.

High cycling applications over 100 000 cycles/year (e.g. pulse firing, regenerative burners) shall use
only valves and contactors/relays that are declared capable of the intended use. They shall be capable of
minimum 2 million cycles, proven by requirements and test procedures as defined in ISO 23551-1:2012.

NOTE The Byyp value according to ISO 13849-1:2015 or IEC 62061:2021 can be used to demonstrate
capability for high cycling applications.

©1S0 2023 - All rights reserved 13


https://standardsiso.com/api/?name=0a1550c0bf83c96d549303750c12389a

IS0 13577-2:2023(E)

The instruction handbook shall give guidance for replacing valves and contactors/relays after defined
number of cycles.

The instruction handbook shall specify the need to check automatic shut-off valves for correct
operation, the procedure to be adopted, and the intervals at which this should be carried out, and the
requirements for replacement, (see ISO 13577-4:2022, 4.1). Means to permit the operator to determine
when automatic shut-off valves require replacement shall be supplied.

All systems shall have the ability for manual leak testing of the automatic shut-off valves. Test
connections shall be available, either at the automatic shut-off valves itself or at the piping upstream
and downstream the valves. Figure F.1 shows an example with separate test connections on the piping.
The instrition handbook for the TPE shall include suitable information for manual leak tight:tess
check of thie valves (see 6.3.3). Annex F includes an example test procedure; other leak test procedires
and test dgvices may be used as appropriate.

Automatic [shut-off valves may be used as control valves, provided they are designed as/hoth automlatic
shut-off anfd modulation valves and tested for concurrent use.

The automptic shut-off valves shall not open or shall shut off the fuel to the burner'when the limit offany
safety condlition is reached. In this case, the relevant automatic shut-off valves.shall be de-energized by
a protectivie system according to ISO 13577-4:2022 except in the following,cases where closing a sipgle
individual purner automatic shut-off valve is sufficient:

— in casq of high-temperature equipment when the equipment is pfoyen to be above 750 °C;

— in cas¢ of low-temperature equipment where the individual*burner automatic shut-off valve is
fitted yith proof of closure (POC) according to ISO 23551-1:2012, and the protective system clgses
an upgtream automatic shut-off valve (header valve), if*one of the individual burner valves is[not
proverj closed by the proof of closure switch.

It shall only be possible to manually reset the lock outofa closed automatic shut-off valve by a protecfive
system acdording to ISO 13577-4:2022.

For typicallexamples of piping and components,’see Annex G (Figures G.1-G.12).

4.3.7 Valve proving

Automatic [shut-off valves controlling”capacities higher than 1 200 kW shall be proved closed at gach
start-up of|the TPE. In case whete the valve is not proved closed, the current start-up shall be stopped
and the sygtem shall go to lock-put.

The valve proving procedure and the action after failure shall be determined by the risk assessnfent
and shall be specified.in{the instruction handbook (e.g. replacement of valve).

For a TPE ¢quippediwith valve proving and intended to be started up more than two times a year,|the
automatic shut-off'valve(s) shall be proved closed by an automatic system.

Automatic Laalve proving shall fulfil the requirements of 2 protective system according to

ISO 13577-4:2022.

NOTE ISO 23551-4:2018 and regional product standards according to E.1.5 provide information for
automatic valve proving.

In multiple burner systems with two automatic shut-off valves for each burner with capacity lower than
1 200 kW, automatic testing does not have to prove each burner valve individually (see Figure G.3). The
testing of the individual burner valves shall be specified in the instruction handbook.
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4.3.8 Individual manual shut-off valves for burners

For burners which are independently ignited, each individual burner shall be fitted with a manual shut-
off valve suitable for the type of gas. They shall be so designed that the “OPEN” and “CLOSED” positions

are

readily distinguishable (e.g. a 90° turn valve if applicable and available).

Manual shut-off valve(s) shall comply with ISO 23551-5:2014 or with regional product standard(s)
according to E.1.6 if applicable.

In case the installation of such a manual shut-off valve affects the mixing characteristics of mixing
devices (e.g. venturi mixers) the manual shut-off valve shall be installed upstream of the automatic

shu

For
gro

4.3

Gas
pro
req

NOTI

4.4

Wh
foll

Gas
sha

Thd

-0If valves to minimize 1ts influence on the mixing device.

multiple burners in which cross-ignition from burner to burner occurs by design, ‘th
1p of burners shall be fitted with at least one manual shut-off valve.

9 Flame arrestor

pipework in TPE, which may contain a flammable or explosive mixture (e.g. for landfill g

1lirement is not valid for pre-mix burner systems which are covered-in 4.7.

E For oxygen or oxygen enriched combustion air, see also 4.13.10.

Gas pressure boosters

bn a gas pressure booster is used to ensure stabletoperation and control of the heating s

temperature increase by isochore compression of the gas and

engine waste heat spreading from the‘booster into the pipework especially in case t}
stops (non-consumption of the TPEJ):

boosters shall be tight and shallhave a construction which does not draw in air from
ft and which prevents that the.discharged gas is contaminated with lubricants, etc.

system design shall me€tthe following minimum requirements:

pressure (e.g. cicculation pressure regulator);

a device shall-be included for shutting the system down in case the pressure in the sy
below the minimum pressure stipulated by the gas utility company (e.g. pressure sens
see als04:3.4);

a-device shall be included for shutting the system down in case the gas temperature in

pwing shall apply. The selection of seals and devices for the booster system shall considef:

b complete

hs) shall be

fected with a flame arrestor according ISO 16852:2016 installed djrectly upstream the burner. This

ystem, the

e gas flow

its rotator

a device shall be included which automatically prevents transgression of the maximun allowable

tem drops
ing device,

the system

exceeds the maximum allowahle temperature of the components (e g temperature sens

ng device);

when it is foreseeable (e.g. in case of a booster malfunction) that the pressurized gas can flow back
to the upstream of the booster and it can interfere the upstream pressure, measures to prevent the

backflow shall be provided;

the booster shall not generate excess vibration to the pipework.

NOTE High gas pressure protection of downstream equipment is handled in 4.3.5.

Figure G.12 shows an example of a gas pressure booster system.
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4.5 Required safety devices for liquid fuels

4.5.1 Manual isolating valve

A manually operated isolation valve shall be fitted upstream of the first control device in the liquid fuel
circuit. Manual isolation valves shall be so designed or positioned as to prevent inadvertent operation
but shall be easily accessible and capable of rapid operation when required.

They shall be so designed that the “OPEN” and “CLOSED” positions are readily distinguishable (e.g. a
90° turn valve if applicable and available).

4.5.2 FilLer/ strainer

Special carj
fuel, which
filter or st
filters/stra
and/or the

In the ever]
shall be ins

The interv

453 Pr
Where req
NOTE \

e shall be taken to prevent the ingress of particles, either from the pipework or fromithe lic
would be detrimental to the operation of the equipment by the incorporatian. of a suit

iners shall be required (e.g. immediately upstream of the automatic shutreff'valve). The f
strainer shall be positioned in such a way that periodic servicing can be'carried out easi

t of the installation of a bypass to the filter and/or the strainer, an‘identical filtering de
talled on the bypass line.

h1s for checking the filter and/or the strainer shall be specified in the instruction handbo

bssure relief valve

ired, the fuel circuit shall be fitted with calibrated-pressure relief valves.

Vhen two valves close simultaneously the pressuie in between can rise above design pressure.

4.5.4 Liquid fuel pressure regulator

A liquid fu
rate.
4.5.5 Pr

pssure regulation of auxiliary fluids

For auxiliary fluids (e.g. compreessed air, steam) automatically operating pressure regulators shal

installed w

here this is necessary for control of the burner system.

4.5.6 Li

uid fuel and/atixiliary fluid pressure protection

High- and low-pressure sensing devices shall be fitted where operation within preset pressure limi
essential i ens@ring the correct flow and atomising conditions. Deviation outside of these limits g
prevent stgrt-up or cause safety shutdown.

(uid
hble

Fainer immediately downstream of the first manual isolating valve of the'\TPE. Additi¢nal

Iter
y.

ice

ok.

el pressure regulator shall be incorporated where this is necessary for control of the flow

I be

S is
hall

This functi

on shall meet the requirements of a protective system according to ISO 13577-4:2022.

Pressure sensing devices shall comply with IEC 60730-2-6:2015+A1:2019 or regional product
standard(s) according E.2.3.

4.5.7 Liquid fuel temperature protection

High and low fuel temperature sensing devices shall be fitted where operation within pre-set
temperature limits is essential in ensuring the correct flow and atomising conditions. Deviation outside
of these limits shall prevent start-up or cause safety shutdown.

This functi

16

on shall meet the requirements of a protective system according to ISO 13577-4:2022.
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8 Automatic shut-off valves

The liquid fuel supply to each burner or group of burners shall be under the control of two automatic
shut-off valves. Automatic shut-off valves shall comply with ISO 23553-1:2014 or regional product
standard(s) according to E.1.1.

Automatic shut-off valve shall be capable of withstanding all backpressure and differential pressure
under all process circumstances.

High cycling applications over 100 000 cycles/year (e.g. pulse firing, regenerative burners) shall use
only valves and contactors/relays that are declared capable of the intended use and number of cycles.

NO1T
cap

The
nun

The
the
for

aut

All
con
and
for

The
saff

ap
It s}k
Sys
Sing
inc
4.5

Wh
ISO
ope

Wh
shu
the

E The Byyp value according to ISO 13849-1:2015 or IEC 62061:2021 can be used #£0_g
bility for high cycling applications.

instruction handbook shall give guidance for replacing valves and contactors/relays af]
nber of cycles.

instruction handbook shall specify the need to check automatic shut-offivalves for correct
procedure to be adopted and the intervals at which this should be carried out and the re
replacement, refer to ISO 13577-4:2022, 4.1. Means to permit the operator to deter
pmatic shut-off valves require replacement shall be supplied.

systems shall have the ability for manual leak testing-af the automatic shut-off
hections shall be available, either at the automatic shutzoff'valves itself or at the piping
downstream the valves. The instruction handbook for.the TPE shall include suitable i
manual leak tightness check of the valves.

automatic shut-off valves shall not open or shalkshut off the fuel to the burner when the
ty condition is reached. In this case, the relevant automatic shut-off valves shall be de-ef
otective system according to ISO 13577-4:2022.

lall only be possible to manually reset thelock out of a closed automatic shut-off valve by a
em according to ISO 13577-4:2022.

rle automatic shut-off valve shall'be fitted with a device proving that the valve is in clos
hse of a shutdown and creates an alarm and prevents a restart.

9 Automatic shut:offvalves for multiple burners

ere individual burnet's are equipped with automatic shut-off valves, such valves shall ¢
23553-1:2014if~technically applicable, and their operation shall not adversely affe
ration of the{remaining burners.

bre 4.5.8\requires two automatic shut-off valves, it is permissible for an individual by
L dowmnby a single automatic shut-off valve in the event of flame failure or for process r¢
'mahinput) providing it is a high-temperature equipment as defined in ISO 13574:2015, 2

emonstrate

ter defined

operation,
irements

i
ine when

alve. Test
F upstream
hformation

imit of any
ergized by

protective

bd position

mply with
t the safe

rner to be
asons (e.g.
.83.

4.5.

10 Individual manual shut-off valves for multiple burners

For multiple burners which are independently ignited, each individual burner shall be fitted with a
manual shut-off valve.

If fitted, the operation of the manual shut-off valve(s) shall not adversely affect the safety of the system.
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4.6 Combustion air and fuel/air ratio

4.6.1 Combustion air system

The pipework design shall take into account the properties of combustion air (e.g. pressure,
temperature).

All manual control devices (registers, valves, etc.) for the air shall be set in their pre-determined

positions a

The locati

nd protected against inadvertent movement.

n of the combustion air intake shall be such as to prevent entry of impurities (e.g. dust)

and

flue produ

The ventilg
reach the i

Attention
itis recom

installation.

The comb
atmospher

The air cir

4.6.2 Ai

TPE shall
of the burn

Air flow f3
and lock-d
ISO 13577-

The air-pr
combustio

'ts, unless provided for by the design (e.g. for reduction of emission of nitrogen oxidesM(

tion of TPE shall be such as to allow an adequate supply of process air and combustien a
urner(s) under all conditions.

hould be paid to sufficient air supply to the TPE. For many applications withfaerced air sug
mended to install an air inlet filter with filter monitoring to achieve relidble operation of

Istion air system shall be designed in a manner that prevents\the back-flow of fury

e through combustion equipment.

fuit shall be designed so as to avoid oscillations that can lead to material defects.

" flow and pressure sensing devices
e fitted with devices for proving adequate air flow during pre-purge, ignition and opera

er.

ut. This function shall meet the regluirements of a protective system according
4:2022.

ving device shall be checked in-the “no flow” state prior to start-up, e.g. by stopping

stopping the combustion air supply. Failure to prove the device in the “no flow” condition shall prey

start-up.
Air flow shj

by pre
by flov

a1l be monitored:
Esure sensing devices, or

V sensing-devices, or

by air/fuel ratio check, or

by oth

-

r to

ply,
the

ace

Fion

ilure during pre-purge, ignition or operation of the burner shall cause safety shutdgwn

to

the

h air supply or by interrupting the air signal to the device(s) in such a way as to simuflate

rent

pr-adequate means.

This requirement shall not apply to portable gas burners, workstation burners and equipment-
integrated burners with open flame, supervised continuously by trained operators, and having a
maximum burner input rating below 70 kW.

Air pressure sensing devices shall comply with IEC 60730-2-6:2015+A1:2019 or regional product
standard(s) according to E.2.3. They shall be suitable for the number of operations foreseeable for the
application.
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4.6.3 Air/fuel ratio

The air mass flow shall always be in a ratio with the fuel mass flow in order to ensure safe ignition
and that throughout the operating range, a stable and safe combustion is maintained at each individual
burner. The ratio does not need to be the same value at all operational conditions.

If the variation of pressure and/or temperature of air and fuel affect the safety and combustion stability,
then correction for pressure and/or temperature is required.

The design of the air/fuel ratio control has to consider process conditions as well as fuel and combustion
air properties. Defect or malfunction should affect that the system will tend towards higher excess air
or groceed to Iock-out if the air/fuel ratio results in an unsale condition.

Pne
pro

Ele¢tronic fuel/air ratio controls shall comply with ISO 23552-1:2007+A1:2010 or region
stamdard(s) according to E.2.2.

umatic fuel/air ratio controls for gaseous fuel shall comply with ISO 23551-2;2018 ¢r regional
Huct standard(s) according to E.1.4.

al product

be used in
Hitions and

To
con
inst

ensure their reliability, air/fuel ratio controllers according to prodast standards shall
ditions (temperature, pressure, flow rate) for which they have beendesigned. These con
ructions for maintenance shall be specified in the instruction handbook.

ombustion
sults of the
[7-4:2022).
nstruction

ase other methods/technologies are used for the ratio control and depending on the
hnd fuel properties, additional protective measures shall’bé applied according to the re
assessment (e.g. air/fuel ratio monitoring by protective system according to ISO 135
method/technology and the procedure for the functional test shall be described in the

dbook.

In d
air

risk
The
han

4.7| Supply of pre-mixed fuel gas/air

4.7{1 Mixture pipework

The
not
be

ups

mixture pipework volume shall bé minimized to reduce risk in the event of flashbacl
compromise pressure and flow, distribution needed for stable burner operation. The sy
lesigned so as to provide &-sufficiently high mixture flow velocity such that flame p
tream cannot occur, or-shall be fitted with flame trap(s)/arrestor(s), pressure relief

k, but shall
rstem shall
ropagation
devices or

bloyvout devices to prevent damage in the mixture pipework and mixing equipment.

If used flame trap(s)/arrestor(s) shall be located as close to the burner(s) as practicable.

Altg vent of the
flov
out
to I

flas

rnatively, the.system shall be fitted with a sensing device which causes lock-out in the ¢
 velocity falling below a pre-determined limit or a temperature sensing device which cpuses lock-
in the event of flashback. This function shall meet the requirements of a protective systenp according
50 13577-4:2022. These devices are not required for burners where it can be demonsfrated that
hback' cannot occur in any circumstances (e.g. pilot burners with their own mixing devicgs).

4.7.2 Air and gas supply to the mixture circuit

The presence of fuel gas/air mixture in the pipework supplying either fuel gas or air to the mixing
device (e.g. due to reverse flow of the mixture) shall be prevented.

If a non-return valve is used for this purpose and if it is not resistant to flashback, then an additional
high gas pressure switch located downstream of this non-return valve shall be incorporated to shut
off the flow of fuel gas to the equipment by means of the relevant automatic shut-off valves specified in
4.3.6 in the event of a flame flashback.

A flashback shall trigger an alarm, or alternatively switch to a mechanical lock-out. The required
measures after a flashback shall be described in the instruction handbook.
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When a mixing blower is used for the mixing device, gas supply shall be shut off when the blower stops.

4.8 Liquid fuel atomisation

Burners for liquid fuels shall be equipped where applicable with fuel atomizing systems to permit their
correct combustion.

Measures shall be taken to prevent the liquid fuel from entering the atomizing fluid pipe and vice versa.
If the atomizing fluid is a combustible gas, then the requirements of the relevant subclauses of 4.2 shall

apply.

4.9 Burners

4.9.1 Main burners

All burnerg shall be suitable for the operating conditions and shall provide safety for:
— the fugls used (type, pressure, etc.);

— the opgrating conditions (pressure, temperature, atmosphere, etc.);

— the nominal input rate and range of regulation (maximum and minimum capacity);

— ease of visual monitoring (sight glasses, sight holes, etc.).

4.9.2 Radiant tube burner systems
Radiant tupe burner systems shall be suitable and allow safe operation. They shall:
— be conptructed of suitable materials for the thermal input rate, temperature and TPE atmosphefre;

— minimjize the probability of combustion products having contact with the TPE atmosphere.

4.9.3 Ignition device/pilot burner

The ignition device shall be reliable and of sufficient capacity, so that immediate and smooth ignitidn is
obtained. Detail verification procedure for use in commissioning, operation and maintenance shalll be
included irf the instruction handbook.

Any direct] ignition devicesorCombination of the ignition device and the pilot burner in automjatic
installations shall form afintegral part of the main burner system.

The constrjuction and\location of a pilot burner shall be such that, under all operating conditions,|the
pilot flame|remains.stable and of such a shape that the main flame is ignited.

For safety requirements, pilot burner(s) shall be treated as main burners and safety devices according
to 4.3 or 4.5 shall apply, as applicable.

Where burners are supplied with gas or combustible vapours with uncertain combustion characteristics,
e.g. significantly varying calorific value effecting burner performance/safety, permanent pilots shall be
independently supplied with a clean fuel gas of constant quality (e.g. natural gas, liquefied petroleum
gas) and be fitted with automatic burner control systems according to 4.10.

Where use is made of a portable pilot burner or ignition device:

— the pilot burner or ignition device shall be capable of being fitted in one way only and in such a way
that it occupies a fixed position with respect to the burner to be ignited — if necessary the correct
position shall be monitored;

— the connections for fuel, air and ignition energy shall be so designed that a reliable link-up is
obtained, and errors of fitting of connections are avoided.
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4.9.4 Permanent pilots

Where used, a permanent pilot(s) shall be supplied with a clean fuel (e.g. natural gas, LPG, diesel) of
constant quality and be fitted with automatic burner control systems.

In the case of permanent pilot, it is recommended that shutdown of the main burner precedes shutdown
of the pilot burner.

4.9.5 Burner capacity control

In any combustion system, the turndown ratio shall be such that the burner(s) is/are fully stable at all
firing conditions. Means shall be provided to allow the determination of the burner capacity

4.9)6 Flue gas venting

Flug¢ gases shall be vented in a safe way.

TPH with a closed combustion chamber or combustion chamber with at leaspthree surrounding walls

sha
acc
and

For
dra
see

If the flue gases are extracted by a fan or the draught is controlled by a damper and the

ade
asa
int
Sys

For

from the workplace. The instruction handbook shall refer to the need for sufficient ventin

| be equipped with a flue system. The cross-sectional area of the flue system shall be
rding to volume, pressure and temperature of the flue gases (products of combustion
process emissions).

TPE equipped with natural draught burners the flue system should be fitted with an
1ight break above the height of the operator, or control damper (for typical example of a
Figure G.11) to exclude excessive air flow.

guately reduced by the inherently safe design orniechanical design, the system shall be

he event of a failure in the flue venting. This’function shall meet the requirements of a
em according to ISO 13577-4:2022.

all TPE burners supplied without a flue system, the combustion products shall be dirg

calculated
excess air

ppropriate
raft break

risk is not
fitted with

fety device to cause a safety shutdown of the.burner(s) or a switching over to a backup duct system

protective

bcted away
b to ensure

the|correct air quality for the opgerator.
NOTE National laws for safety of workers give information on maintaining the air quality in workshops.
4.9]7 Purge of residual/fuel

For

ignited. The risk-assessment shall determine the need and procedure for purge includir

safd

NOT
ther

burners requiring a purge after shutdown, any residual fuel purged into the unit sha

ty functiens:

E In case of gaseous fuels with a volume fraction of more than 80 % hydrogen (H,) or acet)
e can be a risk of flashback in case residual fuel remains in the pipeline.

1 be safely
g relevant

flene (C,H,)

4.1

0 Automatic burner control systems

4.10.1 General

The main flame and the pilot burner flame shall be supervised by means of an automatic burner control
system complying with IEC 60730-2-5:2013+A1:2017 or regional product standards according to E.2.1.
Exceptions are only permitted as specified in 4.10.3 or 4.10.4. Flame supervision and burner control
function shall meet the requirements of a protective system according to ISO 13577-4:2022.

For systems where the pilot burner remains in use during main burner operation, a separate flame
detector device to supervise the pilot and main flames shall be fitted. The main flame detector device
shall be so positioned that it cannot in any circumstances detect the pilot flame.
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Where the pilot burner and the main burner are each provided with their own flame detector device,
the pilot flame shall not influence the response of the main flame detector device.

A single flame detector device shall be sufficient:

— forsys

tems where the pilot flame is extinguished during main burner operation;

— for any metallic fuel fired radiant tubes, explosion resistant and equipped with a burner fitted with
permanent pilot burner.

Where fitted, flame detect
flame whep

burner co

Where a b
control sys
or regional

4.10.2 Lo

Low-tempe
control sy§

For low-te

or devices shall be unresponsive to unintended radiation. The detection

trol system or the protective system shall result into lock-out.

urner is required to fire continuously for periods in excess of 24 h, the automatic buf
tem shall be designed for permanent operation as specified in IEC 60730-2-5;2013+A1:2
product standards according E.2.1.

w-temperature equipment

rature equipment fitted with a single burner shall be equipped-with an automatic buf
tem in accordance with 4.10.1.

mperature multiple burner equipment, each burner shall be equipped with an autom

burner control system in accordance with 4.10.1.

4.10.3 Hi;

During hig
falls below
over to fla
function sh

The tempe
shall be de
mode.

NOTE1l 4

rh-temperature equipment

h-temperature operation, the temperature shall be monitored. In the event the temperat
the limit, the protective system shall autematically shut off the fuel supply or shall swj|
ne supervision by means of an automatic*burner control system according to 4.10.1.
all meet the requirements of a protective system according to [SO 13577-4:2022.

Fature limit for high-temperature-operation shall not be less than 750 °C and the temperat
ected at alocation to ensure safe-combustion of the fuel at any time during high-temperat

At radiant tube burner systems the ignition point is inside the radiant tube. The temperature in

the tube andl prior to ignition can well be much lower than in the chamber in which the radiant tube is placed.

important t

hat this temperatureldifference is taken into consideration when designing.

During st

t-up period, flaime supervision by means of an automatic burner control system shal

provided when the teniperature is below the temperature limit for high-temperature operation.

Flame sup¢rvision™by an operator during start-up is allowed for processes where an automatic but
control syqtem is~hot possible for technical reason. Suitable protective measures shall be determined
in a risk asgessment, e.g. a SIL/PL capable shutdown timer. Details shall be described in the instruc

handbook.

of a
atic

ner
017

ner

atic

ure
itch
his

ure
ure

side
Itis

| be

ner

fion

NOTE 2

not restarted in time.

Shutdown timer is a device or software function counting down time and causing action in case it is

For TPE intended to be started more than 4 times a year, flame supervision below 750 °C shall only be
conducted by an automatic burner control system.

Additional burners that operate during a high-temperature operation without flame supervision shall
be isolated from the fuel gas supply by two automatic shut-off valves until the temperature is above the
limit for high-temperature operation. This function shall meet the requirements of a protective system
according to 1SO 13577-4:2022.

The high-temperature operation, the method/procedure for flame supervision during start-up period
and the switch over to high-temperature shall be described in the instruction handbook.
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4.10.4 Automatic burner control systems for burners operating in the open air

Each burner firing in the open air (i.e. no combustion chamber) with a rated heat input greater than
70 kW shall be fitted with an automatic burner control system according to 4.10.1.

Where the burner heat input rating is 70 kW or less, the flame may be supervised by the operator,
provided that the flame is always visible to the operator at his/her workstation.

Where an installation is equipped with several burners other than ON/OFF burners, no automatic
burner control system is required if the burners are arranged in a configuration in which the flame of
an operating burner will reliably crosslight another burner in the event of flame extinction. However,

in this case at least one burner shall be equipped wWIth spark restoration or a supervised
pilat designed so that a failure of the permanent pilot or the spark restoration systemdead
shufdown of all the burners.

If r¢quired for, and allowed by production operations, the flame supervision functiortmay be
intq a control other than a standard automatic burner control system, if such\a‘'control is
triggering an automatic shutdown. Any such device shall be designed to genérate an alarm i
of a safety shutdown. This function shall meet the requirements of a protective system a
ISO[13577-4:2022.

Thd required measures after a flash-back shall be described in the istruction handbook.

If

cap
rep
the

hity is below 100 kW, the lock-out function integrated‘into a multiple burner installat
aced by an acoustic and a visual alarm providing the eperator can react in a time to be s
instruction handbook.

4.10.5 Flame supervision for line-burners

For
pro
one|
line
inst

line-burners, the position of the flame Sensor shall be such that complete flame pro
ven. Positioning of the flame sensor shall be according to the results of the risk asses
flame sensor opposite to the ignition source or multiple flame sensors at various posit
-burner. The method/technology :and the procedure for functional test shall be descr
ruction handbook.

4.1/1 Start-up of the heating system and burner ignition

4.11.1 Pre-purging ofthe combustion chamber

Stai
gen
init
con
Thi

t-up of the TFPE/after down time or restart of the TPE after a lock-out, for example, c
eral safetydimit, or restart of a burner after lock-out, for example, after flame failure,
ated until)adequate steps have been taken to ensure that no combustible mixture is pr¢
bustion/processing chamber, connected spaces and flue system (heat exchangers, dust ¢
5 condition shall be achieved by means of a period of pre-purging immediately prior to

permanent
s to safety

integrated
capable of
h the event
cording to

cessary for process reasons (e.g. load damaged due to{lock-out), and where the sinjgle burner

on may be
pecified in

bagation is
sment, e.g.
ions of the
bed in the

aused by a
hall not be
sent in the
xtractors).
ignition or

withina time to be specified in the instruction handbook.

The pre-purge time and pre-purge air flow rate shall be such as to ensure that the concentration of
any combustible products in any part of the combustion chamber/connected spaces and flue system
is below 25 % of the lower flammability limit (LFL) of the fuel gas or the liquid fuel, as applicable, this
being calculated with the combustion chamber/connected spaces and the flue duct assumed as being
initially filled up with flammable gases.

NOTE1 In general, five complete air changes of the combustion chamber/connected spaces and flue system
will suffice. Purge air flow rate of 50 % and higher will create turbulence to avoid unpurged areas in typical
installations.

NOTE 2
pre-purge.

Fuel oil can collect and remain in liquid state until vaporized thereby extending the time required for
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In the case of natural/induced draught, the condition to achieve the above requirements shall be defined
in the instruction handbook.

The pre-purge time and purge procedure and/or methodology shall be specified in the instruction

handbook.

The system for ensuring correct pre-purge time and the airflow shall meet the requirements of a

protective

system according to [SO 13577-4:2022.

When the combustion chamber is proved to be at a temperature above 750 °C (as defined for high-
temperature equipment) pre-purge may be omitted.

Inert or no
methods o
gases may

h-flammable gases shall be used instead of air if required by the equipment or process, Of
[ ensuring that the combustion chamber and connected spaces do not contain flamym
be utilized providing that the equivalent level of safety is achieved.

In multiplelburner TPE an individual burner may be restarted without pre-purge in the\following ca

— when

indepgndently supervised permanent or alternating pilot; or

— when

bne or more burners remain alight in the same combustion chambeér of the burner to be

ignited and the burner(s) remaining in operation shall provide ignition_of any unintended releas

fuel th

—  where

rough other burners that are not in operation without caugiig a hazard; or

the burner is fitted with two automatic shut-off valves:that close simultaneously and a v

provinfg according to 4.3.7 is conducted before each burneristart; or

— withp

1lse fired burners equipped with two automaticshut-off valves that close simultaneously

provided the automatic shut-off valves are declared.te. be capable for the intended number of cy
and on|/off cycling rate — it shall be ensured, that@tleast once per hour at least one burner per 7
is burfing for at least 10 s to provide ignition.of any unintended release of fuel without causi
hazard (e.g. deflagration); or

— withr

boenerative burners equipped with*two automatic shut-off valves that close simultaneo

and prjovided the automatic shut-off valves are declared to be capable for the intended numbe

cycles

and on/off cycling rate; or

NOTE3  4.3.6 and 4.5.8 provide guidance on valves for high cycling applications pulse firing and regenera

burners.

— when

restarting a radiant tube burner after shutdown for control purpose provided the rad

tube id resistant to-€éxplosion and the burner is equipped with two automatic shut-off valves

close s
49.3.

— In all
requir

pther\Cases, a burner may be restarted without pre-purge provided all of the follow
brments are satisfied:

her
hble

Ses:

‘estarting a burner after shutdown for control purpose where the burner is fitted with an

re-
e of

hlve

and
cles
one
g a

1sly
r of

tive

ant
that

imultaneously and the radiant tube burner is equipped with an ignition device accordinig to

ing

— the burner is fitted with two automatic shut-off valves that close simultaneously and the valves
are declared to be capable for the intended number of cycles and on/off cycling rate; and

— the burner has an automatic burner control system according to 4.10 and an ignition device
according 4.9.3; and

— the risk assessment proves no hazard resulting from unintended release of fuel (e.g. resulting
from dilution or due to short burner off-time) or it can be demonstrated (based on acceptable
leakage rate) that the combustible mixture present in the combustion chamber cannot exceed
25 % of the LFL.
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In the case of a flame failure of one burner out of a group of radiant tube burners, a maximum of one
restart without pre-purge is permitted before lock-out after a flame failure, if:

— each burner has an automatic burner control system according to 4.10; and

— the fuel supply to each radiant tube burner is equipped with two automatic shut-off valves according
to 4.3.6 or 4.5.8; and

— the exhaust system dilutes the ignitable fuel-air-mixture inside the exhaust system below 25 %
of the LFL, or the radiant tube, the burner and the connection to the exhaust are designed for the
maximum pressure increase that is possible during ignition.

4.11.2 Start-up of the fuel supply
Start-up of the fuel supply shall be possible only when:

— |the installed fuel proving devices (e.g. fuel pressure, atomizing fluid pressiuke when reqqiired) have
been checked to ensure that they are in the safe condition for start-up; and

— |combustion air flow has been proven (see 4.6.2); and

— |all relevant interlocks [e.g. burner(s) position, valve(s) positionyflue damper(s)] were pfoven to be
in the correct position.

4.11.3 Start fuel flow rate

The energy released during the start-up of the burner(s) shall be limited so that the maximum pressure
risg from ignition shall not cause any damage to the"T'PE (see Table 1, Table 2 and Table 3).

The start fuel flow rate shall be managed by;,a control and/or a protective system adcording to
ISO|13577-4:2022 based on the outcome of the\risk assessment.

Where the burner is ignited manually (e/g. by means of a lighting torch) and has a burner irjput rate in
excess of 70 kW, it shall be equipped with a means of limiting the start-up gas flow.

4.11.4 Ignition

The ignition process shall(be initiated immediately after the conclusion of the pre-purging stage or
within a limited time to bé specified in the instruction handbook.

NOTE1 Atthe tim€eof'ignition, it is important the air/fuel ratio ensures ignition of the fuel (see 4.64.3).

Where the maindurner is ignited by means of a pilot burner, the fuel supply to the main bjurner shall
be ghut-off during the pre-purge and ignition of the pilot burner. The automatic shut-off valpe(s) of the
main burnershall open only when the pilot burner flame was proven.

NOTE-2.~ Where air enriched with oxygen or oxygen alone is the oxidising agent for the combustjon of a gas,
(co iri igniti i lire specific
additional design attention to ensure the equivalent levels of safety.

4.11.5 Maximum safety times for gas-fired natural draught burners

The safety time and total closing time for natural draught burners shall not exceed the values given in
Table 1 and Table 2.
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Table 1 — Maximum safety times for natural draught burners operating in open air

Burner input rate

Safety time Total closing time

kW S S

1) Thermoelectric flame supervision device

up to and including 70 60 45

2) Flame supervision device other than thermoelectric

up to and including 70 10 10
above 70 up to and including 360 10
above 360 5

a  Ignition

at arate of 33 % of the burner input rating with a maximum of 360 kW.

Tablel2 — Maximum safety times for natural draught burners operating in combustion
chamber
Burner input rate Safety time Totdl closing time
kW S S
1) Thermdelectric flame supervision device
up to and ifcluding 2,5 60 45
2) Flame qupervision device other than thermoelectric
up to and ifcluding 70 10 10
above 70 uI to and including 360 10
above 360 5

a  Ignition

at arate of 33 % of the burner input rating with a maximum of 360 kW.

4.11.6 M3aximum safety times for forced and induced draught gas-fired burners

The maxinjum start gas rate and the correspending safety time for forced and induced draught burmers

shall not exceed the values given in Table 3(

Burner staft-up shall be achieved in aecordance with one of the following methods:

— direct

— direct
colum

the slo

— direct

ignition of the main burtner at full rate (see Table 3, column 2), or

W opening funetion is lost), or

— ignitionof the main burner by means of an independent pilot burner (see Table 3, column 5).

For methods of burner start-up, see Annex H (Figures H.1-H.15).
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Table 3 — Maximum safety times for forced and induced draught burners

1 2 3 4 5
Direct main burner | Direct main burner Direct main Main burner ignition with independent
ignition at full rate | ignition atreduced | burner ignition at reduced rate pilot burner

rate i .
. : with bypass start gas supply Pilot burner ignition |Main burner
with slow opening ignition
valves (Qs7=0,1 % Qg )
Rate Safety time Safety time Rate Safety time First safety time Second safety time
QF max ts ts QST ts tsl tsZ
kw S S kW s S s
<7 5 I 70 g g 5
<70 5 5 3
>70[< 120 3 3
>70<120 3
<70 5 5 3
with glow opening
not allowed valves
>12P<360| exceptas described 3
? below >70 <360 £ x Qs <t10=°3 or
(maximum t;=3s) tk Q<150
(max{mum t, =3 s)
not allowed not allowed <70 5 5(Qsr < 70 KW) t.ko.<150
. . S S
> 3600 except as described | exceptas described . tx Q< 100 300 70 KW) (maxfmum ¢, =3 5)
> . > =
below below (maximum £, = 3 s) ST s
Key
QF mhy Maximum main burner input rate in kilowatts
Qst start inputrate in kilowatts
Qs maximum start input rate expressed as a percentage of Qg ..« (Qs 7100 x Qg7/QF max)
t, safety time in seconds
Higher start gas rates than those specified in.Table 3 may be achieved at the end of the gafety time
proyided that it is proved that the total amount of energy released in the combustion chaniber during
thelsafety time is not greater than the energy release calculated by multiplying the values of maximum
start gas heat input and safety time given by Table 3.
Only if required for process reasons or special cases of equipment construction (e.g. long fug¢l gas pipes
reqpiring more filling time) and\if the safety times given in Table 3 cannot be used, the vdlues of the
safgty time may differ from those given in Table 3 provided the safety of the TPE is not endfingered. In
any|case the safety time shallnot exceed 10 s.
NOTE Australian stahdard AS 1375 Industrial fuel-fired appliances gives guidance for calculation of longer
safety times.
Where for process reasons, burners with a nominal input exceeding 360 kW are ignited |directly at

full
acc

For

rate, the.Combustion chamber/process chamber, flue ways and pipework shall be desig
unt of'the maximum pressure rise.

life-burners, an extension of the safety time by 1,5 s/metre of burner length, with a m

ned to take

aximum of

: PR O | =1 +1 £1 : s h IR | h I AP | 1 + £ +1
10 S, 15 dLLTPLAUIT PIOVIUIILG LT TIdITIC IS5 TIUIIITUT CU 4l LT TIIU U1 LT DUTTICT TTIHIULC TTOIIT U

ignition, and safe ignition always takes place.

4.11.7 Maximum safety times for liquid fuel fired burners

The safety time shall not exceed the values given in Table 4.

©IS
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Table 4 — Maximum safety times

1 2 3 4
Heat input Direct main burner Direct main burner ignition |Reduced rate Q¢ by
p ignition at full rate atreduced rate QST pilot burner
t ins t ins
in kw t in s smax ] smax .
QF max smax Qsmax in % Qsmax in %
< 300 tsmax = 10 tsmax = 10 tsmax = 10
>300<1000 tomax = O tomax = O tomax = O
QST 1. 000 1AL
<3-00-0-Wy 1000 KW
>1000<5(000 not allowed Qsmax <70 % s
t =5
t =5 smax
smax
<35% <50 %
>5000 not allowed Qsmax_ ’ Qsmax_ °
tsmax = 5 tsmax = 5
Key
Qsr  startfinput rate in kilowatts
Qimax Maximum start heat input expressed as a percentage of Qg .,
QF max Maximum heat input in kilowatts
tsmax ~Maxjmum safety time in seconds

Only if required for process reasons or special cases of equipment construction (e.g. long fuel plpes
requiring more filling time) and if the safety times given in Table*4 cannot be used, the values of|the
safety tim¢ may differ from those given in Table 4 provided-the safety of the TPE is not endangefed.
In any casg the safety time shall not exceed 10 s unless additional risk assessment proves safety of|the
TPE with prolonged safety time (e.g. potential release of additional unburnt fuel etc.) and meets|the
requirements of ISO 13577-4:2022, 4.2.4 (Method D).

NOTE IIn case of long fuel pipe between the last valve and the burner, the time required for filling the|fuel
pipe can be [calculated.

4.11.8 Flame failure on start-up

In the ever]t that flame failure occursduring the safety time, the burner shall go to lock-out. Howgver,
recycling i$ acceptable provided the risk analysis has identified no hazard. The number of recycles shall
not exceed|two. The recycle(s) fnction shall meet the requirements of a protective system accordinlg to
ISO 1357744:2022. If there is\n0 flame signal at the end of these recycles, the failing burner shall gp to
lock-out.

The conditjons and the time period between recycle and the number of recycles shall be specified in|the
instructior} handbook.

4.11.9 Flamefailure during operation

In the event of flame failure during operation the burner shall go to lock-out and two automatic shut-
off valves shall be closed. However, safety shutdown and recycling are acceptable provided the risk
analysis has identified no hazard. The recycle function shall meet the requirements of a protective
system according to ISO 13577-4:2022. If there is no a flame signal at the end of this recycle, the failing
burner shall go to lock-out.

Not more than one recycle shall be permitted and the conditions shall be specified in the instruction
handbook.

The total closing time shall not exceed 3 s. However, in cases where there is no recycle without purge
and if the atmosphere in the combustion chamber does not exceed 25 % of LFL, the total closing time
shall not exceed 5 s.
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The TPE shall be designed such that a recycle of an individual burner system requires a complete
recycle including pre-purge.

4.12 Multiple fuels

4.12.1 General

Equipment heated with multiple fuels may be fitted with burners supplied with two or more types of
fuel, i.e. gaseous / vapour, liquid, operating either simultaneously or separately.

4.12.2 Fuel circuit

Each type of fuel shall be distributed to the burner(s) by means of an independent system cpnstructed
in accordance with the requirements of 4.2, 4.3, 4.4 and 4.5, as appropriate.

In particular, each burner shall be fitted with automatic shut-off valves for each type of fuel. In addition,
thel[flame supervision system shall be chosen such that it complies with the specifications dppropriate
to the types of fuel used.

Means shall be provided to ensure that the supply pipework of each.individual fuel can b¢ positively
isolpted from the other fuels whether or not non-return valves arefitted.

4.12.3 Combustion air supplies

It isacceptable to use a common combustion air system¢faer all fuels.

4.12.4 Operation of the safety devices

Where malfunctions that affect only one type offuel occur, the individual safety shut-off devjce relating
to that fuel shall close.

Where a fuel supports the combustion of other fuels, the safety device of the assisted fue] shall also
opefrate as intended.

Simjultaneous closure of the safety shut-off devices installed for each type of fuel shall be ensfired under
all gther circumstances given.in 4.3.6 or 4.5.8.

4.12.5 Air/fuel ratio
For|each individualfuel or combination of fuels the requirements specified in 4.6.3 shall apply.

The air/fuel ratio control function shall meet the requirements of a protective system agcording to
[SO|13577-4:2022, if applicable.

4.13c0xygen or oxygen-enriched combustion air (0O0OECA)

4.13.1 General

For the purpose of 4.13, oxygen or oxygen-enriched combustion air containing more than 25 %
oxygen is named as oxygen. The application of oxygen or oxygen-enriched combustion air needs
particular consideration. Oxygen or oxygen-enriched air shall be released only when essential and in
a safe discharge area. The hazards related to the use and handling of oxygen shall be specified in the
instruction handbook.
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4.13.2 Suitability for oxygen service

Due to the high ignition hazard of flammable material in contact with oxygen, all components coming
into contact with oxygen shall be prepared, cleaned and sufficiently free of flammable substances (e.g.
dust, grease, particulates) prior to start-up. They shall be suitable for oxygen service.

NOTE Reference [23] provides guidance on suitability assessments.
4.13.3 Pipework

The design and material of pipework and their equipment and connections shall be suitable for oxygen
and the intended pressures, velocities and temperatures.

Suitable materials for pipework are those indicated in Table 6.

In case carbon steel or low-alloyed steel is used, right angle impingement of gaseous-okXygen agnto
the pipe wfalls shall be avoided and the minimum bending radius shall be at least,5 times its piping
diameters.

Depending| on the operating pressure, the flow velocity shall be limited due(to possible presence of
particulatds. See 4.13.4.

NOTE Reference [23] provides guidance on suitability assessments.
A manuallyf operated isolation valve shall be fitted at the inlet of thé TPE’s oxygen pipe system.

Filter(s) shall be fitted at the inlet of the oxygen pipe systemé&to prevent ingress of particulates [e.g.
rust).

4.13.4 Flgw velocities

Flow velocjties of oxygen inside piping and devices for temperatures between -10 °C and +200 °C shall
not exceed|the values specified in Table 5.

NOTE Flow velocity inside devices, for example, filters, can be considerably higher than in pipes.

Table\5'— Pipe velocities for oxygen

Pressure Velocity
A) for carhjon and stainless steel9 piping and impinging flow
0,3 MPa (al}s) < P < 1,5 MPa-(abs) 30 m/s
1,5 MPa (ahs) < P < 10 MRa(abs) P xv=45MPaxm/s
10 MPa (abp) < P < 2@ MPa (abs) 4,5m/s
B) for carljon and stainless steels piping and non-impinging flow
0,3 MPa (al}s)< R < 1,5 MPa (abs) 60 m/s
1,5 MPa (absy=P="toMPafabs) Pxv=80MPa=xm/s
10 MPa (abs) < P < 20 MPa (abs) 8m/s
C) for copper, nickel, and copper/nickel alloys piping
up to 6,5 MPa | no velocity limit

For piping after pressure reducing or control valves, the velocity for impinging flow shall be applied. If
the velocity for impinging flow is exceeded, the pipe shall be straight for a minimum length of 8 pipe
diameters and fabricated from stainless steel [wall thickness shall be = 3,18 mm (=1/8 inch)], copper,
nickel or Cu/Ni alloys.

For operating temperatures exceeding 200 °C or below -10 °C, these materials and conditions shall not
apply. In this case, the limits of use are to be specified in the instruction handbook.
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4.13.5 Connection for oxygen pipework

Connection shall be of threaded, flanged or welded. Threaded connection shall comply with ISO 7-1:1994.

4.13.6 Sealing materials for oxygen pipework

Sealing materials shall be suitable for application at the particular pressure levels, installation methods
and operating temperatures and shall meet the safety requirements.

Suitable metallic sealing materials for oxygen pipework are those indicated in Table 6, column 2.

4.18.7 Fittings

The design and material of fittings for gaseous oxygen such as automatic shut-off valves, confrol devices
and non-return valves shall be suitable for oxygen at the intended pressures and temperatufes.

Suifable materials for housings and built-in parts of fittings and their sealing materialq are those
ind{cated in Table 6.

Fittings for gaseous oxygen at an operating temperature exceeding 200 °C or below -10 PC shall be
madle of materials which are suitable for these conditions.

4.13.8 Blow off and venting lines

Oxyfgen line shall be vented to an area where the release of\oxygen will not create a hazard.

4.18.9 Flexible tubing and couplings
Hodes, flexible pipes and connections shall be gas-tight.

Hoges and flexible pipes associated with_manually operated torches shall be lockable in position by
means of fittings within the solidly laid piping. They shall be easily accessible.

Manual torches shall be equipped(with a flash back arrestor and a lockable manual shyt-off valve
upsgkream of the hose.

4.1B.10Safety devices against backflow
For|oxygen pipework connected to other fluids, it shall be ensured that back-flow cannot ocdur.

Oxygen pipework shall be equipped with a non-return valve suitable for the maximun] allowable
prefsure.

Fue] gas pipework shall have non-return valve (check valve) close to the burners. A risk gassessment
sha|l be dene to determine whether flame arrestor is required in addition.

NOTE Guidance on how flashback risk can be covered is given in 4.7.

If oxygen is mixed with other substances (e.g. fuel gas, air) it shall be ensured that back-flow cannot
occur.

4.13.11Material requirements

Materials in contact with oxygen shall be suitable for the intended operating pressures and
temperatures. The installation method shall be selected to ensure that it will be safe in oxygen service.

The materials indicated in Table 6 (depending on the mounting location and the pressure) are suitable
for use with oxygen or oxygen enriched combustion air.
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Table 6 — Materials requirements

Pressure range [MPa] Materials for housings, built-in components and seals

exceeding 4 copper, copper alloys with a mass proportion of at least 55 %, nickel, nick-
el-wrought alloys with copper

high-alloy Cr-Ni-steels with a mass proportion of Cr and Ni of a total of at least 22 %
high-alloy Cr-Si-steels with a mass proportion of Cr of at least 22 %

Oupto4 copper, copper alloys with a mass proportion of copper of at least 55 %
high-alloy Cr-Ni-steels with a mass proportion of Cr and Ni of a total of at least 22 %
high-alloy Cr-Si-steels with a mass proportion of Cr of at least 22 %

Ouptol,6 grey castiron, at least quality class GG 25, cast iron with nodular graphite, atledst
quality class GGG 40
Oupto1l metallic materials (except titanium, zirconium and their alloys)

Besides th¢ metals indicated in Table 6, lead and tin may be used as metallic sealing/materials for all
pressure ranges.

For gaseouls oxygen at an operating temperature exceeding 200 °C or below -10-2C materials which|are
suitable for these conditions shall be used.
5 Verification of the safety requirements and/or measures

Table 7 shall be used as a check list for manufacturers to prepare their own specific table of methods
used to verify that the safety requirements and measures described in Clause 4 are complied with @nd
contains rdferences to the respective clauses of this document:

Table 7 — Verification of the safety requirements and/or measures

Clause |Yafety requirements and/or measures Visual |Functional| Measur- |Examinatjion

inspectio- testb ing¢ of drawinjgs/
n? calculat
tionsd

4.1 (eneral

4.1 Hlectrical equipment X3 X3 X3 X3

4.1 (ver-temperature protection X X2 X

4.1 (Jas detectors X X2 X

4.1 Jeismic protection X X

4.2 Huel pipework

4.2.1. (eneral X X

4.2.2 (onnections X X

4.2.3 Unconrected pipework X X

Key

X testasdescribed in this document

X1 functional test according to device manufacturer's specification
X2 functional test as described in the instruction handbook, see 6.3.3
X3 testas specified in IEC 60204-1:2016, Clause 18

a  Visual inspection is carried out for testing the required characteristics and properties by visual study of the delivered
equipment and components.

b The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

¢ Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

d  Drawings and calculations are used to check whether the design characteristics of the components used the specific
requirements.
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Table 7 (continued)
Clause |[Safety requirements and/or measures Visual |Functional| Measur- |Examination
inspectio- testb ing¢ of drawings/
n? calcula-
tionsd
4.2.4 Galvanic cells X X
4.2.5 Flexible tubing and couplings X X
4.2.6 Marking X
4.2.7 Soundness/tightness X2 X
4.2|8 Condensate drains on gas pipework X N X
4.219 Fuel pipe heating X AQ‘ | x
4.2110 Purge points X q“ 2
4.2]111 Pressure relief devices X X1 A’\' v X
4.2[12  |Blow-off and breather pipes or conduits X SQ\ X
4.2[13  |Equipment supplied with different fuels X . Nt X
4.2|14 Bypass X O\U X
4.2115 Isolation of required safety devices X ’E\\J X
4.3 Required safety devices for gaseous fuels < N
4.3[1 Manual isolating valve )Q)Q\ X1 X
4.3]2 Filter/strainer &K‘ X1 X
4.313 Gas pressure regulator \)X X1 X
4.34 Low gas pressure protection Q{{U X X1 X
4.3|5 High gas pressure protection h$ X X1 X
4.3l6 Automatic shut-off valves A‘\U X X1 X
4.3|7 Valve proving \O X X1 X
4.3[8 Individual manual shut-off val‘v\(s\}}?)r burners X X1 X
4.319 Flame arrestor C)\\ X X
4.4 Gas pressure boosters‘\\’ ¢ X X X
4.5 Required safety dey_i@?or liquid fuels
4.5]11 Manual isolating;@;h)e X X
4.512 Filter/straing@u X X
4.5]3 Pressurefr\&&\f valve X X2 X X
4.5/4 Liqu{d@i}pressure regulator X X1/X2 X
4.5|5 P}‘gs%a?:e regulation of auxiliary fluids X X2 X
4.5|6 t§nﬁ'uvid fuel pressure protection X1 X
Key ’& !
X G&a-s—d-eseﬂ-bed—i-n—t—h-i-s—d-ee&m"nt

X1 functional test according to device manufacturer's specification
X2 functional test as described in the instruction handbook, see 6.3.3
X3 testas specified in IEC 60204-1:2016, Clause 18

a  Visual inspection is carried out for testing the required characteristics and properties by visual study of the delivered
equipment and components.

b The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

¢ Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

d  Drawings and calculations are used to check whether the design characteristics of the components used the specific
requirements.
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Table 7 (continued)
Clause |[Safety requirements and/or measures Visual |Functional| Measur- |Examination
inspectio- testb ing¢ of drawings/
n2 calcula-
tionsd

4.5.7 Liquid fuel temperature protection X2 X
4.5.8 Automatic shut-off valves X X1 X
459 Automatic shut-off valves for multiple burners X X1 X
4,510 Individual manual shut-off valves for multiple X X

Hurners
4.6 (ombustion air and air / fuel ratio
4.6.1 (ombustion air system X X
4.6.2 Air flow and pressure sensing devices X X1 X
4.6.3 Air / fuel ratio X X1/X2 X
4.7 Supply of pre-mixed fuel gas/air
4.7.1 NMixture pipework X X
4.7.2 Air and gas supply to the mixture circuit X X1/X2 X
4.8 lliquid fuel atomisation X X
49 Burners
49.1 Nlain burners X X
49.2 Radiant tube burner systems X X
49.3 Ignition device/pilot burner X X2 X
49.4 Hermanent pilots X X2 X
49.5 HRurner capacity control X X2 X
49.6 Hlue gas venting X X
49.7 Hemoval of residual fuel X X X
4.10 Automatic burner control systems
4.10.1 (Jeneral X X
4.10.2 lJow-temperature equipment X X
4.10.3 High-temperature equipment X X2 X
4.10.4 Automatic burner contrel/systems for burners X X

dperating in the opeh.air
4.10.5 Hlame supervisiénfor line-burners X X
411 Start-up of the heating system and burner

ignition
4111 Hre-purging of the combustion chamber X2 X
Key
X testas describedimthis docuIent

X1 functional test according to device manufacturer's specification
X2 functional test as described in the instruction handbook, see 6.3.3
X3 testas specified in [EC 60204-1:2016, Clause 18

a  Visual inspection is carried out for testing the required characteristics and properties by visual study of the delivered
equipment and components.

b The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

¢ Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

d  Drawings and calculations are used to check whether the design characteristics of the components used the specific
requirements.
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Table 7 (continued)
Clause |[Safety requirements and/or measures Visual |Functional| Measur- |Examination
inspectio- testb ing¢ of drawings/
n? calcula-
tionsd
4.11.2  |Start-up of the fuel supply X X2 X
411.3 Start fuel flow rate X X2 X
4.11.4 Ignition X X2 X
4.11.5 Maximum safety times for gas-fired natural X X
draught burners
4.11.6 Maximum safety times for forced and induced X 6VJ X
draught gas-fired burners )
4.11.7 Maximum safety times for liquid fuel fired X W X
burners /\/\
4.11.8 Flame failure on start-up X2 020\ X
4119 Flame failure during operation X;\'\ i X
4.1p Multiple fuels \O)U
41p1 General X rsx\ X
4192 |Fuel circuit X 47 X
4.1P.3  |Combustion air supplies X
4.1p.4  |Operation of the safety devices L Q( N X2 X
4.1p.5  |Air/fuel ratio o‘\V X1/X2 X
4.18 Oxygen or oxygen-enriched combustion air \\v
(OOECA) .
4.1B.1 General Q‘\ X X
4.1B.2  |Suitability for oxygen service \O X X
4.1B3  |Pipework oF X X
4.1B.4 Flow velocities C)\\ X X
4.1B.5 Connection for oxygen P'\Réwork X X
4.1B.6 Sealing materials fg_@%en pipework X
4.18.7 Fittings PR X X
4.1B.8 Blow off ands@éf?ng lines X
4.1B9 Flexible g;\@}vand couplings X X
4.18.10 Safety@d’ces against gas backflow X X
4.18.11 Mg&qwﬁ requirements X
Key N4
X tes(ﬁéz;scribed in this document
X1 lfunttional test according to device manufacturer's specification

X2 functional test as described in the instruction handbook, see 6.3.3
X3 testas specified in IEC 60204-1:2016, Clause 18

a  Visual inspection is carried out for testing the required characteristics and properties by visual study of the delivered
equipment and components.

b The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

¢ Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

d  Drawings and calculations are used to check whether the design characteristics of the components used the specific
requirements.
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6

Information for use

6.1 General

The manufacturer of the TPE shall provide an instruction handbook which contains the necessary
information for the combustion and fuel handling system. The format and content shall comply with

[SO 12100:

2010, 6.4.

The information for use shall be written in the user's language and shall contain one copy in the original
language chosen by the manufacturer.

The inforn
informatio
manufact

6.2 Mar

The minimum information marked on the TPE is given in ISO 13577-1:2016, Clause"6.

The pipew

6.3 Inst

6.3.1 Ge|

For the con
the followi

exactd
instru

comple
range

schem

detaile
pipew

Moreover,

operat
to the

inform

hation for use shall contain details for commissioning, start-up and use togethef’y
for test procedure and general maintenance and the intended use defineds by

er.

king

prk shall be identified by colour and/or sign.
ruction handbook

neral

hbustion and fuel handling system the instruction @iandbook of the TPE shall at least con
hg details:

escription of the combustion and fuel handlifig system of the TPE and of the safety equipm
Ctions for use and requirements for the‘training of personnel;

rte range of application of the cembustion and fuel handling system of the TPE (toler
bf application, if necessary);

htic description of the safetyfunctions;

d maintenance procedures to be carried out by the user to ensure tightness of both
rk and equipment¢

the following aspects shall be treated by the instruction handbook:

ion of combustion and fuel handling system of the TPE only by competent personnel accorg
ronditions’of use defined by the manufacturer;

ation on correct work place of operator.

vith
the

fain

ent;

hble

the

ling

6.3.2 De

scription of equipment

The instruction handbook shall contain the following information:

pipework and electrical wiring;

standards;

commissioning;

36

a description of the combustion and fuel handling system, including as-built schematic diagrams of

a list of all safety and control equipment parts with their settings and an indication of the relevant

instructions for documentation of equipment settings/adjustments as made during final
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— a description of any deviations from the requirements of relevant standards in the construction

and/or function of parts of the combustion and fuel handling system;

requirements for handling the waste products of combustion from the TPE.

All the information given on the marking plate(s) shall be repeated together with information relevant

toc

ombustion and fuel handling.

6.3.3 Inspection procedures

The instruction handbook shall contain details of inspection intervals and periodic checking

procedures

for:

Ad
the

6.3

Thd
pre
aut

Atte
etc.
per

The

leak tightness test of the complete system (as per 4.2.7);

leak tightness of all pipework; periodic checking of leak tightness should be earried out

leak tightness check of the valves;

leak tightness check of the filter and/or the strainer;

shut-off valves;

or errors.

pcumentation form shall be included in‘which the date, the results and the person who
checks are recorded together with the-date of the next inspection.

4 Commissioning, start-up-and operating procedures

bmatically operated.system checks, for example, opening equipment doors, if applicable.

ention shall be drawn to the necessity of ensuring that the pipework is free of debris, w

ods of shutdown.

instruction handbook shall provide information on special allowances or requirements

ht intervals

to be determined by considering the operating conditions, fuel type and material of congtruction;

leak tightness of the TPE and the flue ducts in cases where pressurizedcombustion is uged;

all safety equipment, especially automatic burner control systems, warning devices and automatic

combustion quality (e.g. temperatures and/or comhbustion products analysis), if applicaljle;

safety functions in order to ensure that these mhanual functions are not impaired by conc¢aled faults

Carried out

instruction handbook shall provide details of the procedure for commissioning, start up, including
iminary checks (e.g. cleahing of pipework), a description of conditions and a list of mgnually and

blding slag,

after initial.gommissioning, before the equipment is put into service, after maintenaice or long

for:

pre-purge, e.g. deviation of pre-purge times from standardized conditions in justifidd cases or

6.3.

WAIting tite between ignitiom attempts i the case of Taturat draught burmeTs;
the exhausting of combustion products;
the conditions for automatic restart, if applicable;

the conditions for, and the number of permitted recycles.

5 Shutdown procedures

The instruction handbook shall provide information on any special requirements necessary before
fuel shut-off (e.g. evacuation or combustion of flammable atmospheres), and after fuel shut-off (e.g.
continuous venting to avoid overheating or blocking of flue dampers in the open position), together
with a description of measures to be taken in the event of a safety shutdown.

©IS
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The instruction handbook shall set down any special requirements for lock-out and/or emergency
shutdown and any special measures for subsequent restart.

An information sheet containing the information required by this subclause shall be provided for
display at the equipment control panel or at a defined nearest place.

6.3.6 Maintenance procedures

The instruction handbook shall contain details of the maintenance intervals and procedures for all
parts that require maintenance, replacement and/or repair of items of safety equipment.

Safety equ

The instruy
oxygen sy

Documentj
addresses,
repair serv

pment shall be replaced before its useful life time has expired.

ction handbook shall specify the suitable cleaning methods and agents for the eleaning of

tems.

htion forms with dates of last and next maintenance and the contact infefmation (sucl
telephone, fax numbers, e-mail, website and helpdesk coordinates) of-maintenance
ices shall be provided.

6.3.7 Dagcumentation

Provision g
of the equi

hall be made for recording revisions to the instruction handbook in the event of modifica
bment (e.g. by repair, modernisation or replacement of parts/change of operating conditig

1 as
and

fion
ns).
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(informative)

List of significant hazards

Table A.1 — List of significant hazards

halation of harmful fluids, gases,
mists, fumes, and dusts

ing system
Combustion chamber

1 2 3 4 5
cl Hazards Location Relevant clauses of|Relevant clauses of this
' ISO 13577-1:2016 document
Hazards, hazardous situation and hazardous events
1 Mechanical hazards
1.1 High-pressure fluid injection or | Pipework 4.2.7 4.2.1,4.2.2,#.2.5,4.2.7,
ejection hazard 4.2.11, 4.3.3} 4.5.3,
4.5.4,4.5.
2 Electrical hazards
21 Electrical contact direct or indi- | Control system, power |43 4.1.1
rect with live parts supply to the machine
and connectors
2.2 Electrostatic phenomena 4311
3. Thermal hazards, resulting in:
3.1 Burns and other injuries by|Burners 44.1,444
a possible contact of persons|Environment of the TPE
with objects or materials with
an extreme high-temperature,
by flames or explosions and also
by the radiation of heat sources
3.2 Damage to health by hot working | Environment of the TPE|4.4.5, 4.9
environment
4 Hazards caused by interruption of energy supply
4.1 Malfunction or bréak up of com- |Burner and accessories 4.3.6; 4.5.8
ponents
4.2 Malfunction.@r break down of|Control system 4.11.3
control system
4.3 unexpected start-up Control system 4.12.2
5 Hazards caused by (temporary) missing and/or incorrectly positioned safety related measures/
means
5.1 Specific hazard of maintenance |[Burners, fans, piping, 4
and adjusting duct, control system
6 Hazards generated by materials and substances processed or used by the machinery
6.1 Hazards from contact with or in- | Exhaust gases evacuat- 4.2.12,4.3.4,4.3.5,

4.6.3,49.6,4.2.1,4.2.2,
4.6.3,4.9.6,4.12.5,
4.13.1

© IS0 2023 - All rights reserved
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Table A.1 (continued)

1 2 3 4 5
a Hazards Location Relevant clauses of|Relevant clauses of this
’ ISO 13577-1:2016 document
6.2 Fire or explosion hazard Burners, fans, piping,|4.4.3.1,4.4.3.2 4
duct, control system,
combustion chamber
7 Hazards generated by neglecting ergonomic principles in machinery design, as e.g. hazards from:
7.1 Hazard of mismatch of design, |Pipework 4.12.2 4.31,4.5.1
locption or identification of man- | Control system
ual controls
40 © IS0 2023 - All rights reserved
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Annex B
(informative)

Examples of fuels

General
Fenera:

Thd
doc

B.2

Gas

NOTI

B.3

fuels below are given as typical examples only and should not be considered as limitat
ument where all gaseous and liquid fuels apply.

Gaseous fuels

manufactured gases: e.g. town gas (1st family);
natural gases (2nd family);

liquefied petroleum gases (3rd family);
hydrogen and hydrogen containing fuel gases;
other gaseous fuels.

E EN 437:2021 includes information about¥5st, 2nd and 3rd gas family.

Liquid fuels

Liqlid petroleum fuels likely to be used can be classified into different categories in accor

the

value of their viscosity:
gas-oil fuel-oils;

light fuel-oils;

medium fuel-6ils;
heavy fuel0ils;
verysheavy fuel-oils;

other liquid fuels.

ons to this

es fuels likely to be used can be classified in accordance with their Webbe index and comjposition:

Hance with

©IS
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Annex C
(normative)

Maximum allowed pressure

This document covers the pressure hazard of piping forming an integral part of combustion and fuel

handling s
50 kPa.

For piping
the followi

a)

b)

ctamac of TDE tntandad +o bhao cuhioctad £+0 o vt Ao ahlo nracciien o f oot maora t
StemS-e—rrreHtehaea+to-be-SUpjecte a0 6WwWabte

an

gases,
pressu
pressu

for Gr
— D]
— DN
for Grd
— DN
— DN

liquids
above

for Gr
— D]
— DN
— P§
for Grd
— DN
— P§

Preosarc oot oTr e

with a maximum allowable pressure of more than 50 kPa, the pressure hazard is‘dovere
hg cases:

iquefied gases, gases dissolved under pressure, vapours and also those liqdids whose vap

(kPa) = 5,0 x 10% kPa for DN greater than 200 (see Figure C.4).

d in

our

kPa

re at the maximum allowable temperature is greater than 50 kPa above.normal atmosphric
re, (101,3 kPa) at the following limits:

up 1:

[ 25 and included;

[ x PS (kPa) = 1,0 x 10> kPa for DN 25 up to 100 and included (see Figure C.1),

up 2:

[ 100 and included;

[ x PS (kPa) = 3,5 x 10° kPa for DN greater than 100 (see Figure C.2);

having a vapour pressure at the maximuim allowable temperature of not more than 500
hormal atmospheric pressure (101,3 kPa) at the following limits:

up 1;

[ 25 and included;

[ x PS (kPa) = 2,0 x 105kPa for DN 25 up to 200 and included;

(kPa) = 1,0 x 102:kPa for DN greater than 200 (see Figure C.3);

up 2:

[ 200 andhincluded;

Group 1 comprises the following fTuids:

42

explosive;

extremely flammable;

highly

flamm

flammable;

able (where the maximum allowable temperature is above flashpoint);

very toxic;

toxic;

oxidizing.
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Group 2 comprises all other fluids.

Y n| 8
[\l —
1} 1
106 Z z
A A
105
104 -
4-10° PS (kPa) - DN = 10>kPa
3,5-10° PS (kPa) - DN,3)5 - 10°kPa
103
) o
o n
— o™
@ 1] 1]
Z Z
102 &) )
PS =50 kPa
50
10 1 1 1 1
0,1 1 10425 100 350 1000 10000 X
Key
X |DN
Y |PS (kPa)

Figure C.1 3~ Piping referred to clause a) group 1 of Annex C

NOTE1 References to/catégory Il and III of this annex are mentioned for information only.
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Y ~ 2| 2
o i [\l
108 | z| z| =z
al al a
105 -
) (D 11l
104
3,5-1p3
3,125 - 10° AN
21007, | \ N PS (kPa) - DN =5 - 10°kPa
\ PS (kPa) - DN =3,5- 10°kPa
PS (kPa)- DN =1 105kP
102
PS =50 kPa
50
10 | | |
0,1 1 10 32 100 250~ 1000 10 000 X
|
2000 7000
Key
X DN
Y PS(kPq)
Figure C.2 — Piping referred to clause a) group 2 of Annex C
NOTE 2  References to category'll and III of this annex are mentioned for information only.
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Key

NOT

Y ¥
106 o
a
105
- . 4
5. 10" PS=5-10%kPa
@
8-10°
<21\ 103
103 PS £41* 10°kPa
PS (kPa).- DN =2 - 10°kPa
102
PS =50 kPa
50
10 | | | |
10 25 100 1000 10 000 X
200 4000

DN
PS (kPa)

Figure C.3 —Piping referred to clause b) group 1 of Annex C

E3  References to category Il and III of this annex are mentioned for information only.
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Key
X DN

Y PS (kP4

NOTE 4

46

j

Y (]
8
106 | |
Z
a
105 -
— . 4
5. 10" PS=5-10*kPa
a ®
D5 - 10° PS (kPa) - DN =5 - 105kPa
PS=1-10%KPa
103
102 |
50 PS = 50 kPa
10 | | | |
0,1 10 25 100 1000 10 000 X
200 500

Figure C.4 — Pipingreferred to clause b) group 2 of Annex C

References to category H-ofthis annex are mentioned for information only.
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Annex D
(informative)

Examples for the determination of safety integrity level (SIL) or

performance level (PL) using the risk graph method

Sevpral International Standards may be used for determination of the required safety intégrity level

(SI)/performance level (PL). For machinery, [EC 62061:2021 was developed to determijneé t
IEC|61511-1:2016, IEC 61511-2:2016 and IEC 61511-3:2016 were developed to determine th
SIL [for process industry. Risk graph methods for determining the SIL are given inoth IEC
In addition, ISO 13849-1:2015 covers the determination of a PL and also includesamethod to
PL from SIL (ISO 13849-1:2015, Table 3).

Tabje D.1 shows an example of SIL/PL determination according to IEC 62061:2021/ ISO 138§
Table 3. This SIL determination is done according to IEC 62061:2021, Figure A.3. The PL is ¢
in accordance with ISO 13849-1:2015, Table 3 which shows the relationship between PL and
Table D.2 shows an example of SIL determination according to IEC 61511-3:2016.

Theg values given in Table D.1 and Table D.2 refer to typical TPE. The required SIL/PL levels
dependent on the individual risk assessment.

e SIL while
e required
standards.
determine

49-1:2015,
etermined
SIL.

might vary
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Annex E
(normative)

Regional product standards

E.1 Productstandardsmechanical

O IITTCCTY

E.1.1 Automatic shut-off valves

Internatiopal [SO 23551-1:2012 Safety and control devices for gas burners and gas-byrn-
ing appliances — Particular requirements — Parft 1:
Automatic and semi-automatic yalyes

[SO 23553-1:2014 Safety and control devices foroil burners and oil-burn-
ing appliances — Particularrequirements — Parft 1:
Automatic and semi-autématic valves

Europe EN 161:2013 Automatic shut-off ¥alves for gas burners and pas
appliances
EN 16678:2016 Safety and control devices for gas burners and gas

burning appliances — Automatic shut-off valyes
for operating pressure of above 500 kPa up to 4nd
including-6,300 kPa

USA + Canpda |CSA/ANSI Z21.21-19/CSA 6.5- |Autamiatic valves for gas appliances

2019
USA UL 429:2013 Standard for Electrically Operated Valves
Japan n.a.

NOTE Yee 4.3.6,4.5.8.
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E.1.2 Pressure regulator

IS0 13577-2:2023(E)

International [SO 23551-2:2018 Safety and control devices for gas burners and gas-burn-
ing appliances — Particular requirements — Part 2:
Pressure regulators
[SO 23555-2:2022 Safety and control devices for operating pressures
greater than 500 kPa — Part 2: Gas pressure regulators
Europe EN88-1:2016 Pressure rngn]:ﬂ'nrc andassociated caﬂn‘ry devices for
gas appliances — Part 1: Pressure regulatgrs for inlet
pressures up to and including 50 kPa
EN 88-2:2015 Safety and control devices for gas burnefs and gas
burning appliances — Part 24 Préssure regulators
for inlet pressure above 50 kPa up to and including
500 kPa and associated safety devices
EN 88-3:2017 Safety and control devices for gas burnefs and gas
burning appliancesé=Part 3: Pressure and/or flow
rate regulators fok inlet pressures up to angl including
500 kPa, electronic types
EN 334:2019 Gas pressure regulators for inlet pressure up to 100 bar
USA + Canada |CSA/ANSIZ21.18-2019 /CSA |Gas appliance pressure regulators
6.3-2019
Japan n.a.

NOTE See 4.3.3.

E.1{3 Over-pressure cut-off devices

Intprnational n.a.

Europe EN 88-2:2020

Pressure regulators and associated safety flevices for
gas appliances — Part 2: Pressure regulatdrs for inlet
pressures above 500 mbar up to and including 5 bar

EN 14382:2019

Gas safety shut-off devices for inlet presfure up to
10 MPa (100 bar)

USA + Canada n.4.

Japjan n.a.

NOTE Seg4.3.3.

E.1}4- Pneumatic gas/air ratio controls

International [SO 23551-2:2018

Safety and control devices for gas burners and gas-burn-
ing appliances — Particular requirements — Part 2:
Pressure regulators

Europe EN 88-1:2016

Pressure regulators and associated safety devices for
gas appliances — Part 1: Pressure regulators for inlet
pressures up to and including 50 kPa

USA + Canada |in preparation

Japan n.a.

NOTE See 4.6.3.
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E.1.5 Valve proving systems

International ISO 23551-4:2018

Safety and control devices for gas burners and gas-burn-
ing appliances — Particular requirements — Part 4:
Valve-proving systems for automatic shut-off valves

Europe EN 1643:2014

Safety and control devices for gas burners and gas
burning appliances - Valve proving systems for au-
tomatic shut-off valves

USA + Canada n.a

Japan yerce

NOTE Jee 4.3.7.

E.1.6 Mgnual gas shut-off valves

Internatiopal ISO 23551-5:2014

Safety and control devices for gas barners and gas-byrn-
ing appliances — Particular requirements — Parft 5:
Manual gas valves

Europe EN 331:2015

Manual operated ball valves and closed bottom taper
plug valves for gas installations for buildings

EN 13774:2013

Valves for gas distribution systems with maximum
operating pressute less than or equal to 16 bay] —
Performance requirements

USA + Canpda n.a

Japan n.a.

NOTE Jee 4.3.1,4.3.8.

E.1.7 Thermoelectric flame supervision.devices

Internatiopal ISO 23551-6:2014

Safety and control devices for gas burners and gas-byrn-
ing appliances — Particular requirements — Parft 6:
Thermoelectric flame supervision controls

Europe EN 125:2010+A1:2015

Flame supervision devices for gas burning applianices
— Thermoelectric flame supervision devices

USA + Canpda n.a

Japan n.a.

NOTE Jee 4.3.6.
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E.2 Product standards electrical

E.2.1 Automatic burner control systems

International [EC 60730-2-5: Automatic electrical controls for household and similar
2013-11+A1:2017 use — Part 2-5: Particular requirements for automatic
electrical burner control systems
Europe EN 60730-2-5: Automatic electrical controls for household and similar
2015+A1:2019 use — Part 2-5: Particular requirements for automatic
electrical burner control systems
EN 298: 2012 Automatic burner control systems for byrners and
appliances burning gaseous or liquid_ furels
USA + Canada |UL 60730-2-5: 2014 Automatic electrical controls for houiséhold and similar
use — Part 2-5: Particular requiréments foif automatic
electrical burner control systems
UL 372: 2012 Automatic electrical controls for household and simi-
lar use — Part 2: Particular requirements|for burner
ignition systems arid components
Capada CAN/CSA-C22.2 Automatic electrical controls for household and similar
No. 60730-2-5-14: 2019 use — Part 2-&: Particular requirements foif automatic
electrical burner control systems
CAN/CSA-C22.2 Combustion Safety Controls and Solid-Stalte Igniters
No. 199-M89: 2004 for Gas-and Oil-Burning Equipment
Jappn JIS C9730-2-5: 2010 Automatic electrical controls for household and similar
eq. to IEC use — Part 2-5: Particular requirements forf automatic
electrical burner control systems
NOTE See 4.10.1.

E.2

2 Electronic air/fuel ratiocontrols

Intprnational [SO 23552-1:2007+A1: 2010 Safety and control devices for gas and/or ¢il burners
and gas and/or oil appliances — Particular require-
ments — Part 1: Fuel/air ratio controls, elecfronic type

Europe EN.12067-2:2004 Safety and control devices for burners and pppliances
burning gaseous or liquid fuels — Control functions
in electronic systems — Part 2: Fuel/air ratjio control/
supervision of the electronic type

USA + Canada’ |n.a

Jappn n.a.

NOLE See4-6-3
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E.2.3 Pressure sensing devices

International IEC 60730-2-6: 2015+A1:2019 |Automatic electrical controls — Part 2-6: Particular
requirements for automatic electrical pressure sensing
controls including mechanical requirements

Europe EN 60730-2-6: 2016+A1:2020 |Automatic electrical controls — Part 2-6: Particular
requirements for automatic electrical pressure sensing
controls including mechanical requirements

EN 1854:2010 Pressure sensing devices for gas burners and gas
hnrning npp]innr‘pc
USA UL 60730-2-6: 2016 Standard for automatic electrical controls ~Part

2-6: Particular requirements for automatic_electri-
cal pressure sensing controls including-methanjcal

requirements
Canada n.a
Japan n.a.
NOTE Yee 4.3.4,4.3.5,4.5.6,4.6.2.
E.2.4 Temperature sensing devices
Internatiopal n.a.
Europe n.a.
USA UL 353:2011 Limit Contrals
FM 3545:2013 Tempetature limit and supervisory switches
Canada n.a
Japan n.a.

NOTE1l Jee4.1.2,4.10.3.

NOTE 2 IEC 60730-2-9 including regional ‘versions is considered not suited for safety functions in indusfrial
environmerjt.
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Annex F
(informative)

Example for manual leak check of automatic shut-off valves

The following procedure is an example how to do a manual leak check of automatic shut-off valves using

a S§

1y

2)

3)

4)
5)

6)

7)

NOT

Pressurize between SV2 and V2 and measure the pressure change. Back pressurelre
automatic shut-off valves shall be taken into account.

Open V1 while keeping SV2 shut. Then by opening SV1 or connecting TV1]and TV2wit
tube, pressurize the upstream of SV2.

Open V2 to ventilate the downstream of SV2 to the atmospheric-pressure. Then cld
connect another rubber tube at TV3. Submerge the other tip of the-tube into the wate
basin/beaker at about 10 mm depth and open TV3 to observe,if\bubbles emerge. Whe
continues at the tip of the tube, suitable action shall be takén. The precise measurern
leak rate can be performed by collecting the bubbles in a mgasuring cylinder filled with
certain period of time measured with a stop-watch.

Same procedure is applied to check if there is a leakage in SV1 arranged at upstream of

When the test is done for three valves or more,the same test method shall be applied st4
the valve placed at the most downstream position.

When fuel gas pressure cannot be used for the test (e.g. central pipework for 1
applications, see Figure G.8), supply high-pressure air from each check port TV1 just ul
the examined automatic shut-off valve.

The leak rate shall be in accordance with the value specified in ISO 23550:2018, 7.2.

E This is only one way te.determine leak tightness and other techniques are available.

sistance of

h a rubber

se V2 and
- filled in a
n bubbling
hent of the
water in a

bV 2.

rting from

bw cycling
pstream of
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1 2 3
SV Y
><] % ><]
a 5 j 7 11
T -
—\J—
10 —
burnermanual shut-off valve 1 (V1)

automIic shut-off valve 1 (SV1)

autom

burner
test val
test val
test val
flexible|

ic shut-off valve 2 (SV2)
manual shut-off valve 2 (V2)
be 1 (TV1)

Ve 2 (TV2)

Ve 3 (TV3)

hose

measuifing cylinder

water viessel

burner
Fuel ga

5 flow direction.

Figure F.1 — In piping diagram for valve tightness check
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Example of piping and components

Y = |
-G i
X TR
A k3 |
g | 2 |
Pl i
BZA
GOk,
X 2-06
]§ m 2-0
. 2-02 >o L &
2-01
Key
1-0f manual isolating valve 2-01 combustion air fan
1-0p filter/strainer 2-02  airinlet filter
1-0B  pressure indicator (PI) upstream-with gauge cock 2-03  pressure indicator (PI) with gajuge cock
1-0f overpressure cut-off device 2-04 low air pressure sensing devic¢ (PZL)
1-0p  gas pressure regulator 2-05 air flow sensing device (PDZ)
1-0p relief valve, if applicable 2-06  air flow control valve with motpr (M)
1-0f  pressure indicator (RI) downstream with gauge cock 2-08 manual air flow adjustment valve for
burner
1-08  low gas presstre sensing device (PZL)
1-0p  high gas pressure sensing device (PZH) 3-01 burner
1-1  automatic valve proving (XZA) 3-02 automatic  burner contrdl/automatic
burner control system (BZA)
1-2p burner automatic shut-off valve with ability of adopting
test point at inlet and outlet
1-23~ pneumatic air/gas ratio control A gas
1-25 manual gas flow adjustment valve for burner B air

Figure G.1 — Single burner equipment
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z
< 1-07

X
A 1-08 1-09

2-03

> i

2-01

manual isolating valve

r/strainer

bsure indicator (PI) upstream with gauge cock
'pressure cut off device

pressure regulator

ef valve, if applicable

bsure indicator (PI) downstream with gauge cock
gas pressure sensing device (PZL)

higI gas pressure sensing device (PZH)

matic valve proving (XZA)
her manual shut-off valve

manual gas flow adjustment valve for burner

autpmaticburner control/automatic burner control system (BZA)

bustion air fan

nlet filter

tsure indicator (PI) with gauge cock
air pressure sensing'device (PZL)
low sensing device (PDZ)

ner

her automatic shut-off valve with ability ‘ef-adopting test point at inlet and outlet

A

—

B

— [}

2-02

Key
1-01
1-02 filte
1-03 pre
1-04 ove
1-05 gas
1-06  reli
1-07 pre
1-08 low
1-09
1-11 aut
1-21 bur
1-22  bur
1-25
2-01  con
2-02 air
2-03 pre
2-04 low
2-05  air
3-01 bur
3-02
A gas
B air

Figure G.2 — Multiple burner equipment -Central pipework - Example of a two burners system
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- 3-02
1-21

1-21

PI
1-07
\/ PZL PZH i
Ja\ 1-08 1-09 i
0

1-1

< kb
IELN
B
- 2-02 >° m
2-01
Key
1-0l  manual isolating valve
1-0p filter/strainer
1-0B  pressure indicator (PI) upstream with gauge cock
1-0ft  overpressure cut-off device
1-0p  gas pressure regulator
1-0p relief valve, if applicable
1-0f  pressure indicator (PI) downstream with gauge cock
1-08  low gas pressure sensing device (PZL)
1-0p  high gas pressure sensing device (PZH)
1-1p  central automatic shut-off valve
1-1l  automatic valve proving (XZA)
1-2l  burner manual shut-off valve
1-2P  burner automatic shut-off valve'with ability of adopting test point at inlet and outlet
2-0[l  combustion air fan
2-0p  airinlet filter
2-0B  pressure indicator(PI) with gauge cock
2-0ft low air pressure sensing device (PZL)
2-0p  air flow seftsing device (PDZ)
3-0L  burner
3-0R ~ automatic burner control/automatic burner control system (BZA)
A gas
B air

Figure G.3 — Multiple burner equipment - Central pipework - Example b
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1
1-22 1 1-22 (BZA
1 3-02
1-21

PI
1-07
_______
X S0 e
/\ 1-08 1-09 | | 1-22 : 1-22 BZA
1-10 1-10
[ PLY\
Z-03
-
2-04 2-05
ol

2-01

i
=
=

Key
1-01 marnual isolating valve

1-02  filtdr/strainer

1-03  pregsure indicator (PI) upstream with gauge cock

1-04 ovefpressure cut-off device

1-05 gas|pressure regulator

1-06  religf valve, if applicable

1-07  pressure indicator (PI) downstream with gauge cock

1-08 low|gas pressure sensing device (PZL)

1-09  high gas pressure sensing device (PZH)

1-10  cenfral automatic shut-off valve with ability of adopting test point at inlet and outlet
1-11  autpmatic valve proving (XZA)

1-21  burper manual shut-off valve

1-22  burper automatic shut-off valve with ability of adopting test point at inlet and outlet

2-01  conjbustion air fan

2-02  air Inlet filter

2-03  pregsure indicator (PI) with gauge cock
2-04  low]air pressure sensing device (PZL)
2-05  air flow sensing device (PDZ)

3-01 burper
3-02 aut-])matic burner control/automatic burner control system (BZA)

A gas
B air

Figure G.4 — Multiple burner equipment - Central pipework - Example c
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Key
1-1
1-1
1-1
1-2

2-0
2-0
2-0
2-0
2-0

3-0
3-0

|2 G w.o Ry @

OoT = 9 19 =

T~ F—

central automatic shut-off valve

zone isolating valve

zone automatic shut-off valve with ability of adopting test point at inlet and outlet
gas flow adjustment for burner

combustion air fan

air inlet filter

pressure indicator (PI) with gauge cock
low air pressure sensing-device (PZL)
air flow sensing device (PDZ)

burner
automaticburner control/automatic burner control system (BZA)

gas

Figure G.5 — Multiple burner equipment - Zone pipework - Example a
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Key

1-10
1-12
1-13
1-23
1-25

2-01
2-02
2-03
2-04
2-05
2-06

3-01
3-02

70

BZA

cen
zon
Z0on,
pne
gas

conf
air

pre
low]
air
air

bur

2-03

\/
PZL PDZ
AN 2-04 2-05 2-06

2-01

fral automatic shut-off valve

e isolating valve

e automatic shut-off valve with ability of adepting test point at inlet and outlet
umatic air/gas ratio control

flow adjustment for burner

bustion air fan

nlet filter

bsure indicator (PI) with gauge cock
air pressure sensing device(PZL)
low sensing device (PDZ)

low contyohvalve with motor (M)

ner

automatic-burner control/automaticburner control sustem (BZA)
7 J \Y J

gas

Figure G.6 — Multiple burner equipment - Zone pipework - Example b
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1-10

Key
1-1
1-1
1-1
1-2
1-2

2-0
2-0
2-0
2-0
2-0

3-0
3-0

LA S S~ B A R e

T = 9 =

T~ F—

¥ PZL PDZ
/\

central automatic shut-off valve

zone isolating valve

zone automatic shut-off valve with ability, of adopting test point at inlet and outlet
electronic air/gas ratio control

gas flow adjustment for burner

combustion air fan

air inlet filter

pressure indicator((PI} with gauge cock
low air pressure.sensing device (PZL)
air flow sensing’device (PDZ)

burnér
automatic burner control/automatic burner control system (BZA)

Bas

Figure G.7 — Multiple burner equipment - Zone pipework - Example c
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Key

1-01
1-02
1-03
1-04
1-05
1-06
1-07
1-08
1-09
1-10
1-11
1-12

72

1-01

— D0 e e

1-12 1-02

manual isolating valve
filtdr/strainer

1-12 1-12

pregsure indicator (PI) upstream with gauge cock

ovelpressure cut-off device

gas [pressure regulator

religf valve, if applicable

pregsure indicator (PI) downstream with gauge coek

low]gas pressure sensing device (PZL)

high gas pressure sensing device (PZH)

cenfral automatic shut-off valve with ability-of adopting test point at inlet and outlet

autpmatic valve proving (XZA)

zong isolating valve

gas

Figure G.8 — Redundant central pipework

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=0a1550c0bf83c96d549303750c12389a

IS0 13577-2:2023(E)

Key
1-2
1-2
1-2
1-2

2-0
2-0

3-0
3-0

o0 I~ —

U N

T~ F—

burner manual shut-off valve

burner automatic shut-off valve with ability of adopting test point at inlet and 6uitlet
pneumatic air/gas ratio control

manual gas flow adjustment valve for burner

air flow valve for burner

manual air flow adjustment valve for burner (to ensuresufficient impulse pressure for th
regulator)

burner

automatic burner control/automatic burner control system (BZA)

gas
air

Figure G.9 — Impulse firing installation (burner pipework)

e pneumatic
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3-06
3-07

Key
1-21  burper manual shut-off valve

1-22  burper automatic shut-off valve with ability of adopting test point at inlet and outlet
1-24  eledtronic air/gas ratio control

1-25 manual gas flow adjustment valve for burner

2-07  air flow valve for burner

3-01 burper

3-02 autpmatic burner control/automatic burner contyol system (BZA)
3-04 regenerator

3-05 fluggas valve

3-06 flue gas flow control valve with motor' (M)

3-07 flueggas fan

A gas
B air
C fluegl gas

Figure G.10 — regenerative burner pipework
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0,25 d

01d
<1
=05 d

014d

=05 d

Key]
d |tube diameter

Figure G.11 —Draft breaks

PPN Y e : Pl
1-03 1-07

1-05
1-08 M 1-28
1]

T\

e Pa () 30N
1201 1-02 1-25 e <" 1% 1401

1-21%
Key
1-0l manualjisolating valve
1-0p filter/strainer
1-0B . pressure indicator (PI) upstream with gauge cock
1-05—gas pressure regutator

1-07  pressure indicator (PI) downstream with gauge cock
1-08 low gas pressure sensing device (PZL)

1-25  non-return valve

1-26 flexible tubing

1-27  gas booster

1-28  high temperature sensing device (TZH)

Figure G.12 — Gas pressure booster system
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Key

76

burne
igniti
1st ay
2nd a
safety]

Annex H
(informative)

Methods for burner start-up

I
n

time

tomatic shut-off valve

itomatic shut-off valve

1
3
__/ L 5
TE ]
L
]
fS

Figure H.1 —Direct main burner ignition at full rate
(seeTable 3, column 2, Q. < 120 kW)
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4 5 O3
>
1
3
__/ L 5
I / / /
=+ -
]
: |
fs
Key
burner
ignition

4 |1stautomatic shut-off valve
5 |2nd automatic shut-off valve slow opening
ts |safety time

Figure H.2 — Direct main burner ignition atfeduced rate with slow opening valjve-1
(see Table 3, column.3, Qf ,,.x < 360 kW)
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—

. 5
I ]
. / |
|
" |
10 -7
f

burner
ignition]

2nd aufomatic shut-off valve

1

3

4 1stautpmatic shut-off valve
S 2ndaul

9  air/gas|ratio control (PDCV)
10 air valve slow opening

ts  safety time

Figyre H.3 — Direct main barner ignition at reduced rate with slow opening valve-2
(seeTable 3, column 3, Q ,,.x < 360 kW)
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Key]

1 |burner

3 |ignition

4 |1st automatic shut-off valve
5 |2nd automatic shut-off valve
6 |bypass shut-off valve

ts |safety time

Figure H.4 — Direct main burner ignition at reduced rate with bypass start gas supply
(see Table 3, column 4)
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burner

ignition]

1st autT

2nd au
bypass
safety t

Figur

matic shut-off valve
matic shut-off valve
shut-off valve

b 5 3
>
6 1
3
L L 6 5
- [ ]
7 7
1] ]
'__ | é I

e H.5 — Direct main burner ignition at reduced rate with bypass start gas supply

(see Table 3, column 4)
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L—— 1
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i / |
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87 «
Key
1 |burner
3 |ignition
4 |1st automatic shut-off valve
5 |2nd automatic shut-off valve
8 |electronic air/gas ratio control with motor (M)

safety time

Figure H.6 — Direct main burner ignition at reduced rate with limited start gas input

(see Table 3, column 4)
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