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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 15971 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting’-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 193, Natural gas.
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Introduction

The amount of energy delivered by a flowing natural gas is often determined as the product of the volume
delivered and the calorific value per unit volume of the gas. It is, therefore, important to have available
standardized methods of determining the calorific value. In many cases, it is possible to calculate the calorific
value of natural gas, with sufficient accuracy, given the composition (see ISO 6976). However, it is also
possible, and sometimes a preferred alternative to measure calorific value using any one of several
techrfiques that do not require a compositional analysis. The methods currently in use, and the,jmany factors
that if is necessary to address in the selection, evaluation, performance assessment, installation gand operation
of a guitable instrument, are detailed herein. The measurement of the Wobbe index, a property closely related
to calorific value, is discussed briefly in an informative annex, but is not considered in ‘detail in the normative
parts|of this International Standard.

© 1SO 2008 — All rights reserved \
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INTERNATIONAL STANDARD

ISO 15971:2008(E)

Natural gas — Measurement of properties — Calorific value and

Wobbe index

1 cope

This [International Standard concerns the measurement of calorific value of natural gas~and
subsiitutes by non-separative methods, i.e. methods that do not involve the determination
comaposition nor calculation from it. It describes the principles of operation of a varietyrof instrume
this gurpose, and provides guidelines for the selection, evaluation, performance assessment, in
opergtion of these.

Calofific values can be expressed on a mass basis, a molar basis or, more commonly, a volun]
working range for superior calorific value of natural gas, on the volumé_basis, is usually betwe
and 45 MJ/m?3 at standard reference conditions (see ISO 13443).-THe corresponding range fo
indeX is usually between 40 MJ/m3 and 60 MJ/m3.

This International Standard neither endorses nor disputes tHe\¢laims of any commercial manufa
performance of an instrument. Its central thesis is that fitness-for-purpose in any particular applica
in teqms of a set of specific operational requirements)*Can be assessed only by means of a {
programme of experimental tests. Guidelines are provided for the proper content of these tests.

2 Normative references

The following referenced documents ‘are indispensable for the application of this documen
refergnces, only the edition citedvapplies. For undated references, the latest edition of th

document (including any amendments) applies.
ISO 976:1995, Natural gas~— Calculation of calorific values, density, relative density and Wobl
composition

ISO 14532: 2001, Natural gas — Vocabulary

3 Terms-and definitions

natural gas
of the gas
hts in use for
stallation and

e basis. The
en 30 MJ/m3
I the Wobbe

cturer for the
tion (defined
vell-designed

t. For dated
b referenced

e index from

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

3.1 Calorific value and Wobbe index

3.1.1

superior calorific value

amount of heat that would be released by the complete combustion in air of a specified quantity
molar, mass or volume basis), in such a way that the pressure, p, at which the reaction takes p

of gas (on a
lace remains

constant and all the products of combustion are returned to the same specified temperature, 7, as that of the
reactants, all of these products being in the gaseous state, except for water formed by combustion, which is

condensed to the liquid state at T

See ISO 6976.

© 1SO 2008 — All rights reserved
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31.2

inferior calorific value

amount of heat that would be released by the complete combustion in air of a specified quantity of gas (on a
molar, mass or volume basis), in such a way that the pressure, p, at which the reaction takes place remains
constant, and all the products of combustion are returned to the same specified temperature, 7, as that of the
reactants, all of these products being in the gaseous state

See ISO 6976.

313

Wobbe index

superior calqrifie—v

the relative density at the sa

me specified metering reference conditions

See ISO 6976.

3.1.4
standard re
temperature,

erence conditions

T =288,15 K, and (absolute) pressure, p = 101,325 kPa, for the real dry gas
See ISO 13443.
NOTE St
defined for us

apply to both {
Standard, thes

) are
itions
tional

b only in natural gas and similar applications. For the calorific value/on a volumetric basis, these con
he metering and combustion of the gas. In the expression of physical quantities throughout this Intern
e standard reference conditions as defined in ISO 13443 are taken to apply.

andard reference (or base) conditions of temperature, pressure and“humidity (state of saturatio;

3.2 Waten content of gas

3.21
saturated gas
natural gas which, at the specified conditions of temperature and pressure, is at its water dew-point

3.2.2

dry gas

natural gas which does not contain water-vapour at a mole fraction greater than 0,000 05

See ISO 6976.

3.23

partially sat
natural gas V

irated or wet gas
vhich contains{an amount of water vapour between that of the saturated gas and that of th

gas, at the specified conditions of temperature and pressure

3.3 Perfo

'mance classification

e dry

NOTE The following classification scheme is adopted in order to categorize the uncertainties associated with
measurement of calorific value. The attached notes are explanatory, not parts of the definitions. The values given refer to
an expanded uncertainty with a coverage factor of 2.

3.31
class 0
performance with which uncertainty limits of no greater than + 0,1 % in calorific value may be associated

NOTE Performance of this quality can currently be achieved only by instruments in which all operations are carried
out in strict accordance with the best metrological practices and in which all relevant physical measurements are directly
traceable to primary metrological standards. Typically, such an instrument is custom-built and installed in a purpose-built,
environmentally controlled specialist laboratory; a specially trained and identified operator is likely required. Instruments of
this type are sometimes known as “reference calorimeters” and all, to date, make measurements discontinuously on
discrete samples of gas.

© 1SO 2008 — All rights reserved
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3.3.2

class 1

performance with which uncertainty limits of no greater than + 0,1 MJ/m3 on a volume-basis calorific value
(approximately 0,25 %) may be associated

NOTE This is the lowest level of measurement uncertainty currently available for any form of commercial instrument
used in routine field (i.e. non-laboratory) operation. Even for the few types of instrument that are intrinsically capable of
this performance, it is unlikely to be achieved unless installation is in accordance with both the manufacturer's instructions
and the principles described in this International Standard, and operation is in accordance with the calibration, verification,
maintenance and quality control procedures described in this International Standard.

3.33
clasg 2

performance with which uncertainty limits of no greater than + 0,2 MJ/m3 on a volume-basis qalorific value
(approximately 0,5 %) may be associated

3.34
class 3

performance with which uncertainty limits of no greater than + 0,5 MJ/m3 on~a volume-basis dalorific value
(approximately 1,0 %) may be associated

3.4 | Terms from metrology

NOTH The following definitions, including the Notes attached to them (except the Note to 3.4.6), are|all taken from
ISO 14111, where additional explanatory details are given.

3.441
accufracy
closeness of agreement between a measurement result and the true value of the measurand

NOTE The term “accuracy”, when applied to, @)set of measurement results, describes a combinatjon of random
comppnents and a common systematic error or bias component.

3.4.2
trueness
closgness of agreement between-the ‘average value obtained from a large series of measurement results and
the true value of the measurand

NOTEH The measure of trueness is usually expressed in terms of bias.

3.4.3
bias
difference between the expectation of the measurement results and an accepted reference value

344
prec
close

onditions
NOTE Precision depends only on the distribution of random errors and does not relate to the true value.

3.45

repeatability

precision under conditions where independent measurement results are obtained with the same method on
identical measuring objects in the same laboratory by the same operator within short intervals of time

NOTE Repeatability is expressed quantitatively based on the standard deviation of the results.

© 1SO 2008 — All rights reserved 3
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3.4.6

uncertainty

estimate attached to a measurement result which characterizes the range of values within which the true
value is asserted to lie

NOTE An alternative, but equivalent, definition taken from Reference [1] is as follows: parameter, associated with the
result of a measurement, that characterizes the dispersion of the values that can reasonably be attributed to the
measurand.

347
calibration
set of operati
indicated by @ measuring instrument or measuring system, or values represented by a material measorg or a
reference material, and the corresponding values realized by standards

3.4.38

verification
confirmation by examination and provision of objective evidence that specified requiréments have |been
fulfilled

4 Principles of measurement

4.1 Introduction

Instruments [capable of class 0 performance (hereafter, for brevity, ‘called class 0 calorimeters) have |been
established [in a few specialist laboratories; but since they< are, inevitably, labour-intensive, spdt-test
instruments, [ not commercially available and not suitable for field operation, details of their installgtion,
operation anfl maintenance are beyond the scope of the main part of this International Standard.

Neverthelesy, measurements made using calorimeters>of this type can have an important part to play in the
“everyday” determination of calorific value, mainly'as one possible accredited means for the provisipn of
certified callbration gases (certified gaseous “reference materials) having traceability to international
metrological ptandards (see 7.2). They may also-be used for research purposes and the resolution of disputes.

The principlgs upon which typical class 0 calorimeters operate, together with details of many of the |other
relevant faclors, are given in Annex €. All class O calorimeters so far devised have, as their prlmary
determination, the mass-basis calorific value. To be useful for most routine applications, it is necessiry to

convert this by some secondary.hieans to the volume-basis value. In order to achieve a volume-basis cajorific
value with an uncertainty of £ %, it is usual to dedicate a density meter of sufficient accuracy for us¢ with
instruments ¢f this type.

Instruments gapable of ¢lass 1, class 2 or class 3 performance usually measure calorific value on the vglume
basis. They Fre nermally designed for continuous, unattended operation in the field, producing an esseftially

continuous r¢cord of calorific value. Except for process gas chromatographs (which are not the subject of this
International| Standard), they are the only types of instrument that can sensibly be used for rqutine
measurements of calorific value on natural gas passing through transmission and distribution systems.

The principle of operation may be either direct, indirect or inferential, within the meaning of these terms in
accordance with 1SO 14532. This International Standard is concerned mostly with the performance of these
kinds of instruments. Some instruments have the additional facility of measuring relative density; in these
cases, this capability is equivalent to making available the determination both of the calorific value on the
mass basis and of the Wobbe index.

Depending upon the particular application, instruments can be required to record either the superior or the
inferior calorific value. Although each particular type of instrument responds, in principle, to one or the other of
these, most types can be set up so as to record, with little loss of accuracy for typical natural gases, the
alternate value. To achieve this, the main requirement is that the instrument be set up using calibration gases
that are correspondingly certified (see also 5.1.10.2).

4 © 1SO 2008 — All rights reserved
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4.2 Direct combustion calorimetry

Only those instruments that are true combustion calorimeters, in the sense that the energy released as heat
by the combustion of gas is determined by means of thermometric measurements, fall into the
“direct-measurement” category. All current commercial implementations determine the volume-basis calorific
value.

In this type of instrument, the gas sample is metered volumetrically on a continuous basis, often through the
use of a water-sealed “wet meter” (Reference [2], Chapter 4, and ISO 6145-1), before passing to a burner.
The main measurement is of the quasi-stationary (equilibrium) rise in temperature of a continuously flowing
(metered) heat-exchange medium with which the hot products of combustion do not mix.

rms but all of
y. Calibration

The heat-exchange medium is usually air; water-flow calorimeters do exist in a wide variety of fo
thesqg are now obsolete. The temperature rise is usually measured using resistance thermometr

is us

Caloflific values are usually measured by this method at ambient temperature and pressure. It

howse
mete
respe

It is 4
contr
proce
a sat

Instry
adva
for wi

ally achieved by the use of gaseous reference materials (working standards) certified|for ca

ver, to refer the values recorded to specified reference conditions of température and pre
ring and of combustion. For this reason, prior information concerning(the stability of the
ct to variations of ambient temperature can be important (see 5.1.6).

Iso important to define the reference condition of water content for the gas, in particular if th
bls the water content of the gas (either by saturation or by drying) prior to or during the
ss. At standard reference conditions, the difference betweenc¢he superior calorific value of 3
irated gas is approximately 1,7 %.

ments of this type are usually set up so as to record the superior calorific value. One
htages of true combustion calorimeters is that there is no restriction on the composition of th
hich they are expected to give the correct result:

orific value.

s necessary,
bsure of both
output with

e instrument
neasurement
dry gas and

of the main
b sample gas

Calotimeters based on this generic methodology (Reference [2], Chapter 10; Reference [6], Chapter 7; and

References [3] to [5]) are often capable of class 1 performance, but typically have quite a sluggish response to
changes in calorific value because of thermal inertia.

Typidal examples of this kind of calarimeter are described in Annex D.

4.3 |Indirect methods

4.3.1| General

Instryments that fall-into the “indirect” category are those that measure some physicochemical pfoperty of the
gas gnd use a knoewn relationship, established by both practical observation and theoretical analysis, between
calorffic value.and the property measured, in order to infer the calorific value, either superior or inferior, of the
gas.

4.3.2 —Steichiometric-combustion

Instruments of this type depend upon the principle that, for a gas mixture containing only alkane hydrocarbons
and inert constituents, the volume-basis calorific value (either superior or inferior) is a linear function of the
air-to-gas ratio required to achieve stoichiometric combustion.

There are at least two ways to implement this principle in a practical device. In one implementation, the
stoichiometric point is determined by searching for the air-to-gas ratio at which the amount of oxygen in the
products of complete combustion is zero. In an alternative implementation, the stoichiometric point is
determined by searching for the air-to-gas ratio at which maximum flame temperature is achieved.

© 1SO 2008 — All rights reserved
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One disadvantage of instruments that operate on this principle is the requirement to confirm that the sample
gas contains only alkane hydrocarbons and inert constituents. Any other constituent (for example, alkenes,
hydrogen, carbon monoxide and, most severely, oxygen) can cause the instrument to give a false reading; in
some cases, however, any errors can be accounted for by a correction procedure.

Instruments based on this principle [/] are readily capable of at least class 2 performance and typically exhibit

rapid response to changes in calorific value.

Some practical details of these devices are given in Annex E.

4.3.3 Catal

ytic combustion

Instruments
the complets

calorific valug.

In one imple
surface of a
of the condu
follow the ris
period may t

In another im
flowrate of fu
temperature

Catalytic con
development
assessed.

4.4

The dividing
all determing
taken to be
value and so

Examples o
compression
sound. Neith
information g
exploit such
measured sU

For the pres|

pf this type are based on the principle that a determination of the amount of heat released-G
oxidation (combustion) of a gas at a catalytic surface is a proper representative measure

b
b

mentation, a semi-continuous (i.e. on-off-on) metered flow of fuel gas undergoes oxidation
catalyst-coated conductor; the heat released by this combustion process raises the tempe
ctor and so influences its electrical resistance. The electrical resistance.can readily be us
b in temperature over the “on” period of the gas flow, and the integrated‘temperature rise fg
nen be used as an indicator of inferior calorific value.

plementation, the oxidation process takes place within a bed-ef powdered catalytic materia
el (at a constant flowrate of air) that is necessary to maintain.the reaction chamber at a cor
s then measured and used as an indicator of inferior calofific value.

nbustion instruments of the types described in this:Subclause (8] ¥l are at an advanced sta
, but are not yet commercially available; their performance capabilities, therefore, cannot y

Infereintial methods

ine between “indirect” and “inferential” methods is rather indistinct. It can logically be argue
tions of calorific value are, in some sense of the word, inferential. Here, inferential method

me other measured property.or properties.

relevant properties- that may be used in this way as predictors of calorific value in
factor (which is related to calorific value by means of the SGERG-88 equation [10]) and spe

oncerning thé nért constituents is needed), and no commercial device has yet been produg
correlations.~ Nevertheless, the great precision with which speed of sound can readi
ggests_a-possible future role for a method based on this principle.

ent, however, instruments that can best be classed as inferential are much less sophistig

Ia

uring
of its

t the
ture
ed to
r this

. The
stant

ge of

et be

j that
S are

those that depend upon an_empirical (or possibly semi-empirical) correlation between cajorific

clude
ed of

er of these properties alone is sufficient to determine calorific value unambiguously (flirther

ed to
y be

ated,

pf the

both in princi

le-and in canstruction In typical instruments of this kind _a suppasedly constant propartion

heat released by the combustion of a regulated flow of fuel gas is sensed (but not measured) by some
particular device and related empirically to the calorific value.

In one long-established implementation of this principle (Reference [2], Chapter 10 and Reference [6],
Chapter 6), the sensing device is the burner chimney itself, formed from two concentric metal tubes joined
rigidly at the bottom; the two tubes expand differentially by an amount that depends on the heat transferred
from the flue gases, and this may be used to give an indication of calorific value. In another implementation [4],
the sensor is a single metal thermal-expansion tube located in the effluent gas stream; and in a slightly more
modern implementation, it is a similarly located thermopile, the output of which is taken as an indication of
calorific value. In none of these instruments is the water of combustion condensed; consequently all, in
principle, respond to the inferior calorific value.
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As a consequence of their acknowledged simplicity, instruments of this general type cannot usually be
expected to achieve better than class 3 performance except in the most favourable of circumstances.

Very many other principles of operation have been described over the years, but it is not the inte
describe ideas which no longer find, have never found, or are unlikely to find reasonably
application. There are countless “dead-end” patents.

5 Performance assessment and acceptance tests

ntion here to
widespread

The flowchart given as Figure 1 provides an overview of the procedures that it is typically necessary to carry

out ifi order o safisfy performance assessment and accepfance fesfing requirements. Specif
provigled in 5.1 and 5.2.

5.1 | Performance assessment for instrument selection

5.1.1| General

For any application, it is necessary that an instrument for the measurement of calorific valusg

c details are

meet some

criterla of acceptability. Two common forms that these criteria may*take for a commerciglly available

instryment are

a) set of requirements that shall be met in order for the instrument to receive type-approval; irl some cases,
is can be issued by a statutory body responsible for the supervision of custody transfer| or customer
harging, and

b) technical specification for purchase contract purposes.

Anneix B gives an example of a typical type-approval specification (Clause B.1) and of a typical technical

specification forming part of the purchase documentation (Clause B.2).

5.1 relates to performance assessment {esfs that it is typically necessary to carry out on (usu
instryment as an exemplar of its type. In5.1.2 to 5.1.13 are considered the factors that are thos
specified in a formal set of requirements, such as those referred to in this subclause. A pu
progamme is likely to include Ahe* investigation of most, if not all, of these aspects of the
performance.

The {est programme shall’include a specification for the calibration and other test gases that ar
carry| out many aspects-of the detailed testing and calibration, although some test gases migH
certiflcation. Furthertnore, any type-approval documentation issued as a result of the test prog
includle a specification for the gases for use on-site in the re-calibration and verification proced(

blly) a single
e most often
rposeful test
instrumental

e required to
t not require
ramme shall
res, so as to

ensufe attainment and maintenance of the specified accuracy.

Instrymentsof all types considered in this International Standard generally perform optimally|when left in
continuous on-line operation; requirements calling for only intermittent or off-line operation derrand special
care bnd-extra-pre-testing{see-5-43)-

© 1SO 2008 — All rights reserved 7
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Define objectives of measurement in terms
Requirements of instrument specification, uncertainty,

reliability, safety, costs, etc.
Market survey Investigate availability of suitable
instrumentation
no
Ok?
yes

Choose instrument that apparently best
Select instrument satisfies the complete set of technical and
other requirements

Select subset of relevant test procedures

Define test method from 1SO 15971; define test details and
criteria
Performance Carry out detailed testifig on a single
assessement instrument
no
yes

Optional additional test of reliability and
Field test performance under field conditions; likely
to comprise a subset of the previous test

no

OK?

yes

Purchase

Figrure 1'— Instrument evaluation, performance assessment and acceptance testing

Depending on the particular circumstances, performance assessment testing may be carried out by a
regulatory authority, by an independent, accredited testing laboratory and/or by the purchaser. If carried out by
a regulatory authority, the tests may lead to type-approval documentation. There is a clear trade-off between
the length of time spent on a series of performance tests and the amount of detail that they yield about an
instrument. Where a regulatory authority requires a thorough characterization of all aspects of performance,
the test programme can easily extend over a period of one year or more.

A pro-forma checklist of the type given as Table 1 can be a useful means of keeping track of the progress of,
and results from, a lengthy evaluation programme.

8 © 1SO 2008 — All rights reserved
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5.1.2 Continuity of operation

It is likely that an explicit requirement be for the instrument to be in-service and to operate correctly (and, for
most applications, continuously) for a specified period of time. If the particular application requires intermittent
operation only, then the trueness tests (see 5.1.3) should address this complicating factor as a priority before
proceeding with other tests.

In the case of continuous operation, the instrument should be tested simply by letting it run without interruption
or undue interference (such as unscheduled adjustments to settings) for a continuous period that exceeds the
specified minimum required operating period by a specified percentage. Depending on the application, this
may be anywhere from a few days to several months. It can, however, be possible to carry out other tests
durin i i e Hity-te : efueiee he ity (reliability)
test.

nufacturer's
rate without

Repgating the continuity (reliability) test, after routine maintenance in accordance with the m
instryctions, at least once, is likely to be a worthwhile option. If the instrument.cannot op¢
breakdown or obvious malfunction for the specified period, then it fails this test.

The fesults from a completed test may be analysed in order to assess the period for which the specified
instryment performance has been achieved. If this is less than the minimum for which correc{ operation is
required, then the instrument has again failed. In this case, it can still be possible to use the |nstrument in
appli¢ations where a shorter period of continuous satisfactory operation is’acceptable.

If thefe is no explicit requirement for a minimum operating period,/then it is possible to allow the|frequency of

mainfenance operations to be determined by operational expérience, i.e. the maintenance operations are
performance-driven rather than requirement-driven.

Table 1 — Example of checklist for type-approval and acceptance testing

Type approval testing Factory acceptance test On-site acceptance test
Property or test

required result | pass/fail | specified result | pass/fail |specified| resplt | pass/fail

1 Continuity of operation

ontinuous operation within
Mmaximum specified error of
,25 MJ/m3

est period 6 months | 7 months pass 1 month 1 month pass 3 months | 3 mohths pass

2 Tru¢ness of calorific value

umber of test gases 7 5 applicatign gases
ange, MJ/m?3 31<CV<46 35<CV<42
nearity, MJ/m> <0,10 0,07 pass <0,10 0,05 pass not tgsted
3 Repeatability.
ultiple readings type b)
i 40 20 20
spread, MJ/m3 <0,10 0,08 pass <0,10 0,05 pass <0,10 0,06 pass
4 Response to calorific value
step-change
step, MJ/m?3 38 to 42 40 to 41 40to 41
95 % response time <4 min 2 min pass <3 min 1 min pass <3 min 1 min pass
35s 53s 42's

© 1SO 2008 — All rights reserved 9
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Table 1 — Example of checklist for type-approval and acceptance testing (continued)

Type approval testing

Factory acceptance test

On-site acceptance test

Property or test
required result | pass/fail | specified result | pass/fail | specified| result | pass/fail
5 Temperature dependence
maximum calorific-value
error for temperature
change
5.1 Steady state
range, °C 15 to 30 15to 25 natural variations (3 months)
error, MJ/n3 <0,10 0,13 fail <0,10 0,08 pass <0,05 0,04 paLs
5.2 Dynamic
range, °C 15to 30 natural variations natural variations (3 morjths)
rate, K/h 5
error, MJ/fn3 <0,20 0,14 pass not tested <005 0,04 paks
6 Atmospheric pressure
dependence
range, hPp 970 to natural variations natural variations (3 morjths)
1040
error MJ/mh3 <0,10 0,11 fail < 0,05 0,05"¢ pass < 0,05 0,03 paps
7 Other envirohmental factors
7.1 Relative hugnidity interval
range, % 30 to 80 natural variations natural variations
error, MJ/ n3 <0,10 0,05 pass <0,10 0,05 pass <0,10 0,03 pabs
7.2 Electrical sUpply variations
voltage, AC 200 to 240 200 to 240 local site variations
error, MJ/fn® <0,03 0,00 pass <0,03 0,00 pass not tested
frequency| Hz 40 to 65 local site variations local site variations
error, MJ/fn3 <0,03 0,00 pass not tested not tested
brown-out 5 cycles at not applicable not applicable
100 VAC
error MJ/m3 £.0,25 0,12 pass not tested not tested
7.3 Electromagnetic interference
and compatibility (EMC)
conformafmce with ISQAEC
requiremgnts
standard tests pass not applicable not applicable
8 Installation f!rt:tors
8.1 Gas supply pressure
range, kPa (mbar) 0,5t04,0 1,0t0 4,0 1,0t0 4,0
(5 to 40) (10 to 40) (10 to 40)
error, MJ/m?3 < 0,02 0,01 pass < 0,02 0,01 pass < 0,02 0,00 pass
8.2 Air supply pressure
range, kPa (mbar) 0,1t01,0 0,3t00,5
(1to 10) (3to 5)
error, MJ/m3 < 0,02 0,04 fail < 0,02 0,00 pass < 0,02 0,00 pass

10
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Table 1 — Example of checklist for type-approval and acceptance testing (continued)

Type approval testing Factory acceptance test On-site acceptance test
Property or test
required result | pass/fail | specified result | pass/fail |specified| result | pass/fail
8.3 Sample clearing time
clearing time not tested not tested <3 mins 2 min pass
15s
8.4 Air movement (draughts)
error, MJ/m?3 no not
require- applicable
I merit
9 Effelct of non-alkane gases
est gas A: 25 mol % H,
hominal
hctual composition:
,703 CH,, 0,267 H,,
,022 C,Hg, 0,008 C4H,g
CV = 31,98 MJ/m?3 (ISO)
prror, MJ/m® <0,04 0,02 pass not tested <0,04 0,42 pass
est gas B: __mol % C,H, no.
hominal require_
ment
10 Intpgrity of computed
averape values
brror, MJ/m3
per hour < 0,001 0,000 pass < 0,001 0,000 pass < 0,001 0,0p0 pass
per day < 0,001 0,000 pass < 0,001 0,000 pass < 0,001 0,0p0 pass
11 Sepurity of instrument and
its re¢ord
11.1 Rhysical security
eyswitch/password pass pass pass
11.2 Blectronic security
ower cut pass pass pass
hutomatic restart pass pass pass
etention of record pass pass pass
12 Fall-safe operation
ower failure pass pass pass
has supply failure pass pass pass
hir-supply failure pass pass pass
flame failure pass pass pass
NOTE Numerical values and other entries are entirely notional and, in particular, do not correspond to those that can be devised for any real set of tests
for any specific type of calorific-value measuring device.

5.1.3 Trueness of calorific value

The requirement is likely to be for the instrument to measure calorific values to within a specified value of
trueness, or bias, over a specified range of calorific values (systematic error analysis).

Usually, these tests refer to an instrument left in continuous operation. However, if the particular application
requires intermittent operation only, then it is important that the tests include a preliminary investigation in
which an assessment is made of the length of time (from “cold”) during which it is necessary for the instrument

© 1SO 2008 — All rights reserved
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to be in operation before it is demonstrably able to produce “settled” results; for direct-measurement
instruments, this period of “warm-up drift” may be as long as several days. The remainder of this subclause
assumes that the warm-up period has been exceeded.

In order to carry out the trueness assessment, it is necessary to have available a number (typically 5 to 7) of
test gases of certified (traceable) calorific value and uncertainty, one of which conforms to the requirements of
the (single) calibration gas (often high-purity methane) for use in the routine operation of the instrument.
These gases are normally synthetic mixtures of the major components of natural gas that the instrument is
expected to analyse and, insofar as possible, similar in composition to that natural gas. The range of calorific
values covered should be somewhat wider than the operational range given in the requirements; it is normal
for one of the test gases to have a calorific value below the minimum value of the operational range and for

one to have

Tests carried
assessment
instrumental
obtain a repr

Further tests

-calorific-value-abeve-the-maximum-valde-of-the-operationalrange-

out with a set of gases such as these (using the routine calibration gas as a datum)cenab
hot only of the trueness of the recorded calorific value at each point, but also of the linearity
response function. Tests for each gas should typically be carried out a number .of times so
bsentative average value (this relates to the repeatability of readings; see 5.1.4).

e the
Df the
as to

of trueness should normally be carried out using at least three test gases of substantially

different conppositions but having approximately the same calorific value. This sérves as a check that the
instrumental frrueness is not a function of the composition of the gas. Where largé«changes in gas composition
are expected in operational use, it can be useful to use more than three test gases to check for composifional
effects.

All trueness [tests should be carried out at a very early stage of a typical test programme; it is advisable to
repeat the tepts at intervals during, and at the conclusion of, the continuity (reliability) test (see 5.1.2).

The gases uped for the trueness tests should have uncertainties-on the certified calorific values that arg less

than half the

The results g
specified ran

5.1.4 Repeatability

accuracy requirement for the operation of the instrument.

pe of calorific values.

f the tests should be analysed to determingjthe trueness of the measured calorific value ovér the

There are at|least three distinct concepts of repeatability (random error analysis) that can be identified |n the
context of galorific-value measurenent, each of which satisfies the proper metrological criterig for
classification|as repeatability. Each/may be quantified by appropriate tests.

a) Indepengent readings are-taken at fixed intervals of time with the instrument running continuously gn the
same tept gas and with'no calibration during the entire test period.

b) Indepenfent readings are taken at fixed intervals of time with the instrument running continuously, but
switched to runcon another gas (e.g. line gas) between each pair of readings, and with no calibfation
during the entire test period. In this case, it is necessary to give the instrument time to “settle” after[each
switching toythe test gas before the reading is taken.

c) Independent readings are taken at fixed intervals of time with the instrument running continuously, but

with a single point calibration carried out between each pair of readings. It is necessary to give the
instrument time to “settle” before each reading is taken. (For the purpose of this test, it can be necessary
to reduce the interval between calibrations below that used under operational conditions.)

The results of the tests may be analysed by calculating the standard deviation on the respective data sets and
comparing the results with the specified requirements.

For each type of test, the most relevant test gas to use is the one closest in calorific value to that of the gas
expected to be received in normal operation. However, it is not necessary that the test gas for this application
be carefully certified. All that is required is a gas of reliably constant and roughly known calorific value.

12
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The relevant “fixed intervals of time” and the number of readings in a repeatability test depend very much on
the operational characteristics of the instrument. Many more measurements can conveniently be taken with
modern rapid-response devices than can be taken in the same period with traditional direct-measurement
calorimeters, which typically exhibit rather sluggish response (see 5.1.5). Typically, for a rapid-response
device, the time interval is measured in minutes, with each reading the average over 1 min or 2 min of
measurement whereas, for a traditional calorimeter, the time interval can be 1 h, with each reading the
average of perhaps half-an-hour's measurements.

There is likely to be an operational requirement for the instrument to measure calorific values within a
specified repeatability, for type a), type b) or type c) measurements or, possibly, for more than one type.

It is nermat-feratleastoncadditienal-set-ofrepeatability teststo-becarried-outonasecend-gasypreferably at
the same time as the trueness tests, so as to investigate whether the repeatability is a fun&tign of calorific
valug. Further repeatability tests should be carried out at regular intervals (e.g. two months to'thr¢e months) in

ordern to determine whether the repeatability varies with time.

5.1.5| Response time

The requirement is likely to be for the instrument to respond, within a specified time, either completely or to
within a specified percentage of completion, to a step-change in calorific value!

Testg for this characteristic may be carried out by switching betweendwo test gases of different galorific value
and monitoring the output while the instrument continues to run nofmally. For this purpose, it is not necessary
that the test gases be of accurately known calorific value. Severakiests should be carried out with changes of
calorffic value in both the upward and downward direction.

Ther¢ are a number of factors to bear in mind when performing tests of this type, namely the following.

a) In many cases, it might not be usual for step-changes of calorific value to occur in operationg| practice, so
is test, then, does not properly mimic~operational reality; however, if step-changes (or near
tep-changes) are expected in field operation, then the test gases used should, by preferencg, be such as
mimic these changes.

b) he response time may depend stroengly on the magnitude of the change in calorific value,|so that tests
n more than one pair of test gases can be useful.

c) he tests should be desighed to record any overshoot (under-damping) of the correct calorifi¢ value.

d) ome instruments update their display at fixed intervals of time rather than continuously and, therefore,
e response proceeds in discrete steps rather than smoothly. In this case, the user should r¢cognize and
ke this effecthinto account and, if the reporting interval is user-selectable, it should He set to the
inimum available for the duration of the tests.

e) teps should be taken to ensure that the response time measured is the fundamental charadteristic of the
instramient itself and is not a measure of any delay (clearing time) caused by the design of the gas-supply
ystem for the instrument, i.e. an installation effect (see 5.1.9).

The results of these kinds of test may be expressed in various ways. If the characteristic response to a step-
change in calorific value roughly follows a logarithmic equation, the calorific value, H(¢), reported by the
instrument at time, ¢, after a step-change in calorific value of [H(«) — H(0Q)] at time =0, can be expressed as
given in Equation (1):

H ()= 1 (0) = [H () = H (0) ] 1-¢7"'" ] (1)

where the observed value of z(the relaxation time) is equal to the time taken to reach 63 % completion.

© IS0 2008 — Al rights reserved 13
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Not all instruments exhibit exponential behaviour. In either case, the time taken to achieve 95 % completion
can be considered as a more convenient measure of the speed of response. Figure 2 illustrates the typical

response characteristic for the two types of calorific-value record, namely

a) for a continuous-reading instrument (device A),

b) for a discrete-reading instrument, i.e. the output value is updated at finite but regular intervals (device B).

In both cases, the use of the 95 % completion as the preferred response time characteristic is emphasized.

Modern indirect instruments generally exhibit response times in the range from several seconds up to a few

H t h 'y P | > H 4 4 U H L H 'y la 43 1l
minutes, whgreas-tradattonaratrec-measurementrecoramg—carormeters nave responsetMmes—generany

region of teng of minutes.

41 41

40,9 —~ 405

H(0)
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39,5+ 5 3 - 39,5

0,95(H(c0)-H(0)) H(c0)-H(0) a
Y 4 1 "
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Key
time, exprgssed in minutes

n the

calorific value, expressed in megajoules per cubic metre
true calorific value

device A (continuous reading)

device B (discrete reading)

95 % completion

response time for device A

response time for device B

ook WN 2 <X

Figure 2 — Typical response of instrumental record to a step-change in calorific value
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5.1.6 Temperature dependence

5.1.6.1  General

Normally, there are likely to be two requirements, one concerning the response of an instrument when the
change in ambient temperature is significant but takes place very slowly (steady-state performance), the other
concerning the response when the change in ambient temperature takes place relatively rapidly (dynamic
performance). In the first case, the requirement is likely to be either

to demonstrate that the instrument measures calorific values to within specified uncertainties when
operated within a specified range of steady ambient temperatures, or

a)

[
q

b) 1tp define the operational range of steady ambient temperatures within which the instrumgnt measures

alorific values to within specified uncertainties.

In th
ambi

second case, the requirement is likely to be to define a maximum value fon the rate
nt temperature which allows the instrument to operate without significant degradation of the

pf change of
result.

)
7
a)
-

5.1.6|2 Steady-state performance
The s
envir

fixed

teady-state temperature dependence of the instrument can conveniently be assessed by rupning it in an
bnmentally controlled test room capable of achieving the releyart range of temperatures, at a series of
(steady) temperatures within and at the extremities of this range:

eference, it should be possible to achieve the required temperature control without the

Esive air currents in the room, as these can give risg;to adverse effects on instrumental
b.1.9) that mask the actual effects of temperature‘variation. Relatively simple tests, carried
ment operating on a gas of constant but not necessarily certified calorific value, readily den
steady-state functional dependence of recorded calorific value on temperature.

By p
exce
(see
instry
direct,

3  Dynamic performance

b instruments have been observed 'to exhibit either or both of two rather more subtle

T
=
(2]
(=

an instrument canxexhibit a transient dependence upon temperature, i.e. a dynam

ded calorific value that occurs while the instrument is not in thermal equilibrium following
rature, but which dies away as a new thermal equilibrium condition is approached.

mposition of
performance
out with the
onstrate any

effects, the
to occur for

Cc change in
a change in

gon for this is

gation of these

two effects in partrcular both upward and downward changes of temperature should be carrled out

5.1.6.4 Summary

Any or all of the various forms of temperature dependence can be significant if an instrument is required to
operate in a building that has a heating system but no air conditioning, or poor-quality stepwise (on-off-on)
air-conditioning control; in the worst cases, the ambient temperature range in the instrument room or
enclosure can be as wide as 280 K to 330 K, while rates of temperature change of up to + 5 K/h can occur.

Tests should be carried out to assess the systematic effects of temperature on the accuracy of the measured
calorific value.
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In addition to causing bias, variations of ambient temperature can also cause corresponding variations of
repeatability (see 5.1.4). For this reason, the repeatability should be determined at several different
temperatures within the operating range and both these factors should be taken into consideration when

estimating the overall uncertainty for any set temperature.

The results s

hould be analysed so as to establish

a) the temperature range, and

b) the rates of temperature change over which the instrument satisfies the specific requirements of the
application.

5.1.7 Atmgspheric pressure dependence

The requirenpent is likely to be for the instrument to measure calorific values to within specified’uncerta

over the rang
the instrume
sufficient to ¢

Specific test
Instead, the
a set of gase

e of atmospheric pressure (and its maximum rate of change) likely observed atthe site(s) V
nt is to be installed. Local atmospheric-pressure records covering the last few-years shou
stablish the operational envelope.

5 of the instrument's functionality with respect to atmospheric pressure cannot be carrieq
nstrument should be left to operate on a gas of constant but uncertified calorific value (or po
s, but not line gas) for a substantial period of time during which{the atmospheric pressure

by a substa
necessary t

tial amount; for example, deep depressions are particularly. valuable. During this period
log a sufficient number of readings of recorded calorifi€ value and atmospheric pre

nties
vhere
Id be

out.
5sibly
aries

it is
Ssure

(perhaps hodrly) in order to allow any correlation between the two to'be both detectable and quantifialple. A
graphical timge-series plot is generally adequate.
The instrum e the
trueness of t

nt fails its evaluation test if the effect of variations in atmospheric pressure is to degrad
ne recorded calorific value beyond a specified limit.

5.1.8 Othef environmental factors

5.1.8.1 General
lorific
s not

The

Various othef environmental factors have’theé potential to degrade the trueness of measurements of ca
value. Therelis likely to be a requirement'to guarantee either that, in normal operation, the instrument
exposed to @ny such factor, or that the particular response of the instrument is within specified limits
factors in 5.1[.8.2 to 5.1.8.5 can be identified.

elative humidity

ithin
ult to

yCany direct effect of variation in relative humidity is inherently difficult to investigate, bt

WV O—approa C OSC 10 Ja . C CIlic O O

pressure (see 5.1.7).

5.1.8.3  Electrical supply

The requirement in this case is likely to be that the instrument continues to function, without discernible
degradation of the calorific-value measurement, over the complete range of supply-voltage and frequency
variations expected at the installation site. In the case of voltage, at least, a test of the instrument's
performance in this respect is easy to set up. In addition, the instrument should be robust against electrical
spiking and against short (i.e., a few cycles) losses of power (brown-out). In the case where continuous
operation is required at a site prone to electrical failure, consideration may be given to the installation of an
uninterruptible power supply or an automatic back-up power facility.
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5.1.8.4 Electromagnetic interference and compatibility

These factors should be investigated in accordance with methods given in relevant standards (see
IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-3 and IEC 61000-6-4) and appropriate certification shall be
obtained. Tests should be designed in order to establish the upper limit of electromagnetic disturbance
compatible with acceptable performance of the instrument; this implies that, during the relevant tests, the
instrument shall be fully operational and giving a live output.

5.1.8.5 Air cleanliness

It is generally important that air for combustion (and for other instrumental purposes) should be of an
apprdpriaie quality. Speciiic 1ests 1o Invesiigate the effects of poor-quality air are diificuli iq set up but,
depepding on the particular circumstances, can be deemed necessary if there is no guarantee off good-quality
air; r¢equirements on air quality are discussed more fully in 6.2.1.

5.1.9| Installation factors

5.1.9|1 General

Varigus installation factors have the potential to degrade the trueness ‘of ‘measurements of calorific value.
Therg is likely to be a requirement to guarantee either that, in normal operation, the instrument is| not exposed
to anly such factor, or that the particular response of the instrumentis within specified limits. Tlhe factors in
5.1.9|2 to 5.1.9.4 may be identified.

5.1.9|2 Gas and air supply pressures

In some cases, it is necessary to supply the gas to the instrument at distribution line-gas pressyre (i.e. a few
kPa above ambient pressure) whereas, in other cases, very much higher, regulated pressures |(specified by
the manufacturer) are necessary. There can be.a similar requirement on the supply pressurg for any air
required for combustion and/or instrument opération. Either way, an assessment should be garried out to
deterine the response of the instrument to_variations of the relevant supply pressure(s) froml the nominal
valug(s). The tests can usefully cover the rahges from 50 % to 200 % of the nominal values, with each being
variefl independently of the other.

5.1.9|13 Sample clearing time

Any instrument can make measurements only on the gas that is presented at its sample inlet; itlis, therefore,
impoftant that the clearingtime of the sample line between the original sampling point and the| instrument's
samgle inlet be short.eompared with the time scale during which changes in calorific value arg expected. It
may,|however, be sufficient to carry out calculations instead of tests on this item [see 6.1 a) tp 6.1 c) for a
fuller|discussion];

5.1.9|14 Air movement (draughts)

Some instruments, particularly those where temperature is measured as a fundamental part of their operation
(e.g. direct-measurement calorimeters), can be sensitive to excessive air movement in their immediate vicinity.
In an air-conditioned environment, air movement is, to a greater or lesser extent, inevitable. Tests may be
carried out on the effects of air movement on the performance of an instrument by the local introduction of
forced draughts using a suitable fan; because of the thermal inertia, it should not be expected that any
instrument response to a forced draught take place immediately. For some of the smaller instruments, it can
be practicable to avoid any problem of this sort by use of a ventilated, protective cabinet or other enclosure.
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5.1.10 Effects of non-alkane gases

5.1.10.1 Stoichiometric combustion

For some instruments, the principle of operation (i.e. the underlying theory or correlation) relies on the
knowledge that particular components (e.g. oxygen) or groups of components (e.g. alkenes) are absent from
the sample gas. Although these components are not normally found in natural gas, they can be found in
substitute natural gases and other mixtures that are interchangeable with natural gas (e.g. propane-air).
Consequently, if the instrument can be exposed to more than trace amounts of such non-alkane components
(interferents), it is necessary to assess to what extent its function is impaired by their presence. There is likely
to be a requirement that the instrument remain within its trueness specification even with (named) interferents

present at u
can be suffic

Instruments
accompanieq

The effects

10 Specified mole fractions. Afternatively, a guarantee of the absence of interferent Compo
ent.

Of this type do not exhibit the proper response to a change in calorific value if that”chan
by changes in the mole fraction of any combustible non-alkane component or oxygen.

of non-alkane combustibles can be calculated, to a good approximation, from theor

consideratio

s (see Annex F). In some instances, this can be an acceptable alternative to elaborate

involving the|preparation and use of certified gases containing one or more interferent.

5.1.10.2

For instrum

Inferential instruments

ts whose primary determination is of the inferior calorific\value, there exists the possibility

different nontalkane effect. This occurs only if the measured inferior. calorific value is used to infer (eith
multiplying by a constant factor or, equivalently, falsely calibrating>on a superior calorific value) the su

calorific valu

(see 4.1).

hents

ge is

etical
tests

of a
er by
berior

In this case, the problematic components are hydrogen, non<alkane hydrocarbons and, most seriously, carbon

monoxide.
(percentage

he presence of these can cause incorrect results. This occurs because the relatio
ifference) between the inferior and superior calorific values for these components differs

that of the alkane hydrocarbons. For example, forcarbon monoxide, the inferior and superior calorific v

are equal, w

ereas for the alkanes the former isabout 10 % lower than the latter.

For a mixturg containing a mole fraction, x,.0f any non-alkane component (with the balance being metha

can be sho
Equation (2):

AH =x

The factor 1

vn that the error, AH, in_determining superior calorific value by this method is give

111-H - Hg)

,11 arises as{the quotient Hg/H, of the superior and inferior calorific values for metha

standard ref¢rence conditions. A mixture of 0,2 mole fraction of carbon monoxide in methane, for exa

results in an

error of 0,26 MJ/m3. Values for Hg and H, for individual components are given in ISO 6976.
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5.1.11 Integrity of computed average values

For some applications, there is likely to be a requirement for the instrument to report the calorific values as
averages based on prescribed time intervals (e.g. hourly, daily, weekly, monthly).

It is clearly a fundamental requirement that the desired averages are correctly calculated from the relevant set
of “instantaneous” calorific values measured by the instrument. Consequently, the assessment programme
should include a validation of the way in which specific interval averages are calculated by the instrument's
software from the (semi-)continuous record, and/or a thorough check (by manual calculation) that the average
values reported are correct.
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5.1.12 Security of the instrument and its record

5.1.121 General

For some applications there is likely to be a requirement that the instrument and its record are secure against
unauthorized interference. It is necessary, then, that the assessment programme address the factors in
5.1.12.2 and 5.1.12.3.

5.1.12.2 Physical security

The requirement is likely to be that access to any adjustment device can be denied, by physical isolation,
sealing or otherwise. For example, the air-to-gas ratio adjustment on a commonly used form|of recording
calorlmeter is a critical setting, interference with which can be prevented either by sealing\the adjustment
devige or by installing a lockable cover. Adjustment devices that it can be necessary-’to fe-set during

calib

authd
instry
locke

ation fall within the general requirement, but it is necessary to provide access to these f
rized to carry out any routine, non-automated calibration procedure, and access to all
ment can be required during maintenance operations. In some cases, operating the ins
d room can represent sufficient physical security.

or personnel
parts of the
trument in a

5.1.1R.3 Electronic security

Any ¢lectronic device linked to the instrument during field operation-should be capable of requegting only the
transmission of data and the reading of these from the instrumen? (interrogation); it should not Qe capable of
any pther two-way transmission, as this opens up the possibility of alteration of software| parameters,
corruption of stored data, etc.

5.1.1B Fail-safe operation

Therg is likely to be a requirement, at least wheh the intention is for use in continuous and unattended

opergtion, that the instrument shut down to a safe condition (which shall include isolation of the
the ipstrument and reporting of the shutdown to an external alarm), in a number of potential
circumstances within the instrument. These-rormally include

jas supply to
y hazardous

a) eéxtinguishment of the main burner flame,

b) e¢xtinguishment of any pilat'burner flame,

c) Ipss of electrical supply,

d) recorded calorific yalue outside of pre-set shutdown limits.

Note|that “shutdown” limits may be different from “alarm” limits, and that the general shutdown requirement
may apply only:to the instrument and not necessarily to the entire installation facility.

It is notmally quite straightforward to test the satisfactory operation of the fail-safe mechanisms by the simple
simulatiomof these conditionsttcamatso be usefuttotest the Tesponse of the-instrumenttothese conditions

in the situation that it is inadvertently left in a “fail-safe override” mode.

In the more modern instruments, it is usual also to have several “invisible” operating parameters (e.g.
temperatures, flowrates) under the automatic surveillance of an on-board microprocessor. In this case, the
instrument can shut itself down for a wider variety of reasons (usually some operating parameter outside of
pre-set limits) than those that the microprocessor is normally able to report to an operator. It is impracticable
to test all of these functions.

For several types of instrument, there is an option to allow one or more attempts at an automatic restart in the
event, for example, that the gas or electricity supply is restored after a failure. Clearly, it is possible to simulate
this situation and thereby test this aspect of the instrument's performance.
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5.2 Factory and site acceptance tests

5.2.1 General

In 5.2 are considered the tests that should be carried out on each individual instrument, or at least a
representative sample of each type of instrument, in order to confirm that each conforms in construction,
performance, etc., with the instrument specified and type-tested according to the provisions detailed in 5.1.2
to 5.1.13.

For each of the three distinct aspects of acceptance testing, there shall be a formal procedure. The flowchart
given as Figure 3 provides a summary of the various procedures which shall be carried out.

Usually necessary for every individual
instrument

Factory calibration

Test of conformity and general operating

Factory acceptance test characteristics for each instrument or a
representative sample

no

A

Ok?

yes

Includes’/optional laboratory testing before

Purchasing acceptance RN 1o site

no

A

Ok?

yes

Check no damage in transit and

Transport and installation ; X
completeness of installation

Mandatory calibration, preferably

On-site calibration multipoint

On-site testing comprising a selected

Site acceptance subset of assessment tests; usually
includes accuracy and fail-safe checks

no

Ok?

yes

Operation

Figure 3 — Factory and site acceptance testing
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5.2.2 Factory acceptance tests

Factory acceptance testing is normally carried out in such a way as to demonstrate the conformity of
instrument manufacture, set-up and general operational characteristics to that of the instrument(s) used for
the performance assessment tests. Witnessing of an appropriate and agreed set of factory acceptance tests,
either by the purchaser or by an authorized body, is likely an important feature of the procedure.

The results of factory acceptance testing of this kind can form part of the documentation that the purchaser

requires the supplier to provide.

5.2.3

Purchasing acceptance

Factd

ry acceptance tests witnessed by a representative of the purchaser can be used as'o

ne part of a

purchasing-acceptance schedule. However, there can be additional technical requirements‘and/of tests, that it
is ne¢essary to check or to carry out in the purchaser's laboratory.

Othef than this, purchasing acceptance is likely to be largely an exercise in the-provision, handling and
checking of the proper documentation.

5.2.4| Site acceptance tests

The purpose of site acceptance testing is twofold: first, to check that an installation is completg; second, to

demg
perfo
carrie
perfo

Thes
conc
perfo
perfo
purpd
this

extre

nstrate that each individual instrument is capable of operating\within an agreed envelope o
rmance, for the whole range of expected operational conditions. Site acceptance tests shal
d out by the purchaser and, in general, their content.depends primarily on the results g
Fmance assessment tests.

b tests should, therefore, follow a test programme designed, in particular, to address an
prns  about specific aspects of the detailed performance assessment tests where
rmance is close to the edge of the instrument's capability, or where there is reason to
rmance can sensibly vary from instrument to instrument. In this sense, the tests shoulg
seful sub-set of the tests described in/5:1. Tests specific to the particular location can also b
an be the case, for example, when' any of the relevant environmental factors is expec
me variations.

As a

tracepble calorific value and ‘acheck on the fail-safe mechanisms. A multipoint calibration, i
strongly recommended.

In addition, it can be.Useful to run another (proven) instrument in parallel with the new inst
subsf{antial period.and/or to take regular samples of the gas being analysed by the instrument for
laborptory determination of calorific value.

6

absolute minimum, theré shall be a single-point calibration, an accuracy test using &

ampling and installation guidelines

f satisfactory
normally be
ained in the

d reflect any
satisfactory
believe that
comprise a

e necessary;
ted to show

test gas of
possible, is

rument for a
independent

6.1

Sampling

All of the instruments to which this International Standard applies are mainly intended for use as on-line
devices, within the sense of that term in accordance with ISO 14532. Because, however, different types of
instrument can have widely differing requirements for the gas-supply pressure and flowrate, it is not possible
to give specific requirements for the sampling system that apply to all instruments. Nevertheless, the general
provisions of those parts of ISO 10715 that relate to direct (continuous) sampling may be taken to apply, and
the following general guidelines can be given.

a) The gas-supply line should follow the shortest practicable route from the original sampling point, and the
internal diameter of the line should be as small as possible (typically 3 mm or 6 mm) without offering too
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great a viscous restriction to flow. These considerations relate to the minimization of the volume and
hence clearing (residence) time for the line.

b) It might not be easy to make tests of the clearing time for the sample line, and calculations based on the
volume of the sample line and the rate of gas usage by the instrument can be a more practicable
approach to resolving this question.

c) If the rate of gas usage is low compared with the hold-up in the sample line, then it can be necessary to
give consideration to the introduction of a bleed-off in the sample line; typically, this takes the form of a
suitably sized purge system installed close to the gas sample inlet of the instrument, with the purge gas
either being dissipated through a flame trap to the external atmosphere, or burnt externally.

d) Any subptantial pressure reductions required between the sampling point and the instrument's gas=sjupply
inlet shpuld take place in stages as close to the original sampling point as practiCable.| The
pressurg-reduction valve and local pipework shall be heated by a (calculated) amount sufficientto prevent
cooling (and hence condensation of components from the sample gas) due to gas expansion or exppsure.

e) For the remainder of the pipework, after the final pressure reduction and up to the_sample inlet ¢f the
instrumgnt, it can be necessary to apply further heating and/or insulation to counteract the effe¢ts of
exposurg to cold conditions or wind.

f)  The sanpple line should be of seamless stainless steel with as few welded jeints as possible. The system
shall be [eak-tested regularly, preferably at the time of instrument maintenance.

g) The sample line shall include a suitable filter to guard againstithe ingress of dust and other fgreign
material§.

h) All valvgs, regulators and other fittings in the sample line“shall be internally free of grease and |other
contaminants.

Occasionally} the particular application can require an.instrument being used for off-line spot sampling. Ih this
case, the user should be aware that this requires.that the instrument be run for a period greater than its
possibly lengthy “warm-up” time (see 5.1.3) before-reliable results can be obtained and that, partially fgr this
reason, the application is likely to demand the_availability of rather large samples. The guidelines a)|to h)
given above femain applicable.

6.2 Installation guidelines

6.2.1 Combustion calorimeters

These instryments (usually-*known as recording calorimeters) rely on heat exchange and thermormetric
measuremerjts and, for reasons related to this, can exhibit a dependence of the recorded calorific vallie on
ambient temperature For any particular type of recording calorimeter, the exact magnitude off any
dependence [on temperature can vary slightly from instrument to instrument as a result of minor constructional
differences.

The generic characteristics of the type should, nevertheless, have been established by tests carried out in
accordance with 5.1.6, and from this information it should be possible to determine the temperature stability
necessary to achieve measurements that remain within the specified trueness.

For many existing installations, the specified requirement (for class 1 performance) is that the temperature
remain within a band of £+ 2 K around a stipulated set temperature. It is usually necessary that the set
temperature itself be within a specified range, for example 288 K to 293 K. There can also be a requirement
for the maximum allowable rate of change of the temperature. All of these factors have implications for the
operational characteristics of the air-conditioning system(s) that can be needed to control the environment of
the calorimeter room.
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The calorimeter should always be sited where exposure to direct sunlight is impossible, and away from walls
that can be exposed to wind. An “internal” room is preferable. No sources or sinks of heat (including other
instruments) should be placed in close proximity to the calorimeter; steam and/or hot water pipes should not
run close to the calorimeter. Fluorescent electric lighting, preferably left on permanently, is recommended.

Recording calorimeters normally take the air required for combustion from within the calorimeter room;
consequently, the calorimeter room air should not contain combustible (fuel) components, as these can
erroneously enhance the recorded calorific value. There is often a stipulated figure (usually quoted in
pmol/mol) for the maximum allowable concentration of combustible gases in the room air.

Table 2 gives the approximate mole fractions of various combustible components that, if present in the room

air, cause-arerhancementofrecorded-calerifievalue-of 20-%4oftheaccuracy-speeificationforelass 1, class 2

and glass 3 performance. The table is based on a typical value for the combustion air-to-gas ratio|of 14:1.

Table 2 — Mole fractions of components in room air leading to enhancements of 20 %
of the accuracy specification for typical combustion calorimeters @

Mole fraction

Component pmol/mol
Class 1 Class 2 Class 3
Hydrogen 120 240 590
Methane 38 76 190
Ethane 22 43 110
Propane 15 30 76
Butane 12 23 59
Pentane 10 19 48
@  For an air-to-gas ratio of 14:1.

In adfition, the room air should not beceme vitiated by inefficient removal of combustion productg. It is usually
considered necessary to provide a forced supply of fresh air into the calorimeter room. The ventilation
requifed to maintain the carbon—dioxide level below a specified level (e.g. 0,15 %) can be cplculated [1];
alternatively, a minimum number-of fresh air changes per hour may be stipulated, with periodic festing of the
carbg@n dioxide level to ensure compliance.

The atmosphere should-also be sufficiently clean and free of dust that it is not necessary to chaphge air filters
in th} air supply ducting between maintenance operations; if the room air is not filtered, a build-up of dust
within the instrumentcan result in a steady drift of the record.

Finally, the whole installation should be so sited that it is beyond the range of vibrations from hgavy traffic or
machjinery,(as this can affect the accuracy of any water-sealed metering device that formg part of the
instryment.

6.2.2 Stoichiometric combustion instruments

Measurements made with instruments of this type are, in general, not prone to dependence upon ambient
temperature, although a weak dependence can, in some cases, be observed. Thus, there is not normally a
requirement to maintain the instrument in a thermo-stable environment.

However, some instruments of this type require the supply of both gas and air at stable, elevated pressures
(typically a few hundred kilopascals), and the means of providing this regulation can give rise to a degree of
temperature dependence. Tests carried out in accordance with 5.1.6 should have shown the extent of any
temperature dependence and the consequent requirement for any temperature control.
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Instruments of this type are demanding in their requirement for purity of air supply; indeed, they are in some
respects less tolerant of impurities than combustion calorimeters. The following five potential problems can be
identified.

a)

If the oxygen content of the air for combustion is vitiated by inefficient removal of combustion products, or
any other external reason, then erroneous results are certain.

b) If room air is used for combustion, then any large humidity variations inevitably cause the oxygen content
to vary slightly; correspondingly variable results can then be observed. (Some instruments, however, dry
the combustion air internally and thereby avoid this problem.)

C) Iftheair O—CCOMPUSTHOS—SHUPP1et oM CymmGet— Or—SyntnetCat, tenthere1S—a—go00G—Crance ¢
oxygen gontent is sufficiently unreliable as to make the measurements equally unreliable. However;|if the
instrumgnt is calibrated while operating on the same cylinder of synthetic air, compensation forthis gffect
is madejautomatically (see also 7.1.4).

d) If room [air is used for combustion, then any combustible (fuel) components present’can erroneously
enhancq the recorded calorific value, as is the case for combustion calorimetersi(see 6.2.1). Tgble 3
gives th¢ approximate mole fractions of various combustible components that, if/present in the room air,
cause an enhancement of recorded calorific value of 20 % of the accuracy-specification for class 1,
class 2 and class 3 performance.

e) If the airffor combustion is supplied through a compressed air systemythen hydrocarbon vapours frgm oil
in the compressor can be present. Efficient filtering, for example by.thé use of active carbon filterq, can
help to remove these, but there remains a possibility of erroneous enhancement of the calorific valug from
this soufce.

Table 3 — Mole fractions of components in roomair leading to enhancements of 20 %
of the accuracy specification for typical stoichiometric devices 2
Mole fraction
Component Hmol/mol
Class’1 Class 2 Class 3
Hydrogen 170 330 830
Methane 53 110 270
Ethane 30 61 150
Propane 21 43 110
Butane 16 33 82
Pentane 13 27 67
@ _{For an air-to-gas ratio of 10:1.
6.2.3 Catalyticcombustiominstruments

As instruments of this type are not yet commercially available, no specific information can be given here.

6.2.4

Inferential instruments

Instruments of this type usually exhibit a strong sensitivity to both ambient temperature and pressure. In
general, therefore, it is preferable to install any of the current range of inferential instruments in a
temperature-controlled environment. In this case, as the instruments generally are rather smaller than
combustion calorimeters, it can be possible to achieve this by use of a large thermostatic enclosure rather
than a thermo-stable room.

24

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=45603535fed3dd121fad6f2e3eb0e61b

ISO 15971:2008(E)

However, if such a solution is considered too cumbersome just to achieve class 3 performance, then it is
essential to record the ambient temperature and pressure on a continuous basis, in order that corrections to
the record, based on some kind of site-specific calibration, can be made.

So far as other installation factors are concerned, the considerations relevant to this type of instrument are
rather similar to those for combustion calorimeters. In particular, the performance of these instruments is
affected by the presence of hydrocarbons in the air used for combustion but, since the air for combustion is
always in excess, performance is unaffected by minor changes in oxygen content.

Nevertheless, neither the air quality nor the air-to-gas ratio should be allowed to vary by amounts that lead to
significant variations in the thermal conductivity and/or heat capacity of the effluent gases, as these properties
directy—influence—the—efficierey—ot—theat—transferto—the—senser—mechanism—and—thereby—influence the

meagurement result.

7 Calibration
7.1 | Calibration procedures

7.1.1l General

The galibration of an instrument for the routine measurement of «€alerific value is a corrective| metrological
procadure (see Note). It consists of using the calorific values recorded by the instrument for jone or more
certifled reference gas mixtures (calibration gases; see 7.2) in order either

a) ftp make adjustments to the instrument that reduce the difference between the measured|and certified
alues to zero, or

b) to derive a correction that, when applied to the\measured value, produces the corrected valug.

The @ctual process of adjustment or correction may be either manual or automatic, depending dn the type of
instryment.

The following principles apply to allktypes of calorific-value measurement apparatus and equipnjent currently
in usg. For most types of instruments, at separate times and different intervals, it is necessary to |perform both
multipoint and single-point calibrations.

NOTH In strict metrolggical terminology (see 3.4.7), the term calibration is not taken to include] or imply the
corregponding corrective~procedure. For the purposes of this International Standard, however, and in particular to
distinguish “calibration” frem “verification”, calibration is taken to include a corrective procedure, either Qy applying an
adjusiment or by corfection.

7.1.2] Multipoint calibration

Multipeint ‘calibrations should cover the entire calorific-value working range of the instrument. Thgy are usually

Carri d out at lona-intervals of time (see7 1 4)
1o atTT IIU TTICOT VOTO OT CT T o \vvv LECELEC II-

Multipoint calibrations permit correction to the instrument sensitivity as well as to a specific single set point
(datum). The single set point should be that of the calibration gas nearest in calorific value to the middle of the
working range (see last paragraph of this subclause).

The process of multipoint calibration requires the sequential use of several calibration gas mixtures that span
the range of calorific values for which the instrument is suitable. The number of gases required depends on
the application of the instrument, but is unlikely to be more than five; normally three should suffice. The
decision on this matter depends not only on the particular application but also on the linearity of the instrument,
which should have been established during trueness testing (see 5.1.3). It is advisable for one calibration gas
to be up to 1 MJ/m3 lower in calorific value than the minimum value expected in service, and one up to
1 MJ/m3 higher than the maximum value.
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The calorific values measured for all the calibration gases are compared to the certified values. If this
comparison satisfies user-defined and predetermined acceptance criteria, then the instrument is certified as
remaining within calibration. Otherwise, adjustments may be made or corrections revised so as to bring the
instrument back to this state.

For some types of instrument, it is impossible to perform multipoint calibration because the adjustment is not
accessible; in this case, multipoint verification (see 8.1.3) should be carried out instead.

7.1.3 Singl

e-point calibration

Single-point calibrations should generally be carried out using a calibration gas close to the middle of the

range of cal
intervals of ti

Single-point
known offset

PrIfic values expected 10 be measured by the Instrument. They are usually carried out at
me (see 7.1.4).

calibrations do not allow correction to sensitivity, only to the offset of the single)set’point
is often used to derive a simple correction factor, sometimes known as the record correcti

be applied equally to all measured calorific values until the next calibration.

Because of t
calibration g
known from

he low uncertainty of its calorific value (see 7.2), the use of high-purity methane as a single
ps is generally acceptable for natural gas operations in cases where-instrumental respor
performance-assessment tests to be highly linear (see 5.1.3)\However, the single

calibration g4s should not be the same as the gas used for routine verification’(see Clause 8).

7.1.4 Calibration frequency

The required
performance
recommends

Single-point
interval adop
expected to
performance

Occasionally,
requirement
verification tg

In the particu
out at least 3
sufficient qua

frequency of routine calibrations, both single-point and;multipoint, shall be established durin
evaluation tests. The calibration frequencies.” adopted may be different from
tions made by the instrument manufacturer.

calibrations are usually carried out at short intervals of time (e.g. hourly, daily or weekly)
ted shall be set such that the measurement’error of the instrument before a new calibration
exceed a user-defined percentage (€.9. 50 %) of the uncertainty specified for the cla
required.

it can be useful to carry out'an unscheduled calibration, either single-point or multipoint
for this is most often and_moaost reliably suggested by unusual or erratic results from the rg
sts (see Clause 8).

lar case of a stoichiometric instrument using synthetic air for combustion, it is advisable to
lity for the purpose (possibly prepared gravimetrically) is part of the overall specification.

ibrations'should generally be carried out

inStallation and commissioning, and after any maintenance or adjustment that can affe

short

The
bNn, to

point
se is
point

g the
the

The
s not
5s of

The
utine

carry

single-point calibration after each change of cylinder. This is in addition to being sure that “air” of

t the

y0f the instrument,

Multipoint ca

a) following
sensitivi

b)

c)

at regular but long intervals of time (e.g. annually), and/or

following a verification test that gives results outside of any pre-set divergence limits (see 8.1.2).

7.2 Calibration gases

Calibration gases are certified reference gas mixtures, where the certification is for calorific value, including a
statement of the associated uncertainty. Typically, they are synthetic mixtures (e.g. methane-ethane-nitrogen).
Sometimes a dry natural gas (provided it is always stored above its hydrocarbon dew point) or methane of
specified and checked purity is suitable.
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It is necessary to certify the gases by a process that provides an uncertainty on the certified calorific value that
is significantly less than the uncertainty requirement for the calorific values to be measured by the instrument.

Toa

chieve this, the uncertainty of the certified calorific value shall be not more than one-half of the uncertainty

specified for the application. In practical terms, the best that can presently be achieved for mixtures in the
certification process is about + 0,05 MJ/m3 (95 % confidence limit).

Currently available certification procedures that provide the required levels of trueness are as follows:

a) use of a class 0 calorimeter, maintained and operated by a national standards institute or an accredited
laboratory, which provides traceability to recognized national metrological standards;

b) ISE—O0T—&a—Gg&aS——= ROWHR—COMPOS O Preparet—uSimg—a—GoCumeiteG—gtraviiie ‘GG“G-‘ aSthat
described in 1ISO 6142, carried out at a national standards institute or an accredited Jahoratory, which

rovides traceability (of composition) to recognized national standards in the manner |described in
IISO 14111; in this case, the certified calorific value shall then be calculated from the lcompésition by the
internationally recognized method in accordance with ISO 6976;

c) Uyse of methane of known purity (e.g. 0,999 9+ mole fraction for class 1 applications) where gpplicable; in
this case, the impurities present in the gas should be checked and the calorific value of methane given in
ISO 6976 shall be used.

Any agr all of these methods may be specified in documentation giving/type approval to an instrumient.

8 Verification

8.1 | Verification procedures

8.1.1] General

Verification is a non-corrective metrologicallprocedure, the purpose of which is to confirm that the results

prod
(see

dced by the instrument in question ate;for the same test gas or gases, unchanged within specified limits
B.1.2) since the previous verification.

Verification should be carried jout*at specified and pre-established intervals (typically daily or weekly,
depepding upon the type of instrument), and should also be carried out whenever an anomaly is detected

during a quality-control progedure (see Clause 10).

For 3l types of instrument, single-point verification is applicable; however, for instruments whgre multipoint
calibfation is impossible, multipoint verification should also be carried out, but with a lesser frequgncy.

It is

verifi¢ation.

a)

hecessaryto consider a number of operational details, applicable to both single-point ahd multipoint

The-instrument should remain in its normal operational state during verification (i.e. it should not be

H A g | HA Il 4 ' 1 4 THN ' 1)
SWILLIICU, TIUTCT TTiariuaity Ul autultiativalty, tU a Laliiatiurt CyUIc ).

The results of any verification processes should not be included in any calculation of averages from the
routine on-line measurements.

A stable measurement should be achieved before the verification result is accepted.

It is necessary to make suitable arrangements for an orderly transfer from one cylinder of reference gas
to the next whenever the first is close to depletion.
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8.1.2 Single-point verification

The single-point verification procedure consists simply of measuring the calorific value of a reference gas
close to the maximum or minimum calorific value normally measured by the instrument. It is not necessary for
this reference gas to be of certified calorific value; all that is required is a guarantee that, from verification to
verification, the calorific value remains unchanged.

In general, the verification gas should be sensibly different from the single-point calibration gas (so as to
exercise the instrument), but in applications where the normal working range of the instrument is very narrow
this can be difficult to arrange.

As in the ca —Raturat-gas—{provided—thatitis—stored—and—transported—aitemperatures
above its hy@irocarbon dew-point) or a synthetic mixture compressed into a high-pressure cylinder is'su

as a single-goint verification gas. In this case, homogeneity in the cylinder is a far more important-cri
than detailed knowledge of the composition or calorific value.

Before putting an instrument into service, the user should decide not only on the frequency oferification|tests
but also on the criteria that determine whether the instrument passes or fails each test.

One possiblg strategy is to set a simple “divergence limit”. Then, if the absolute difference in results between
two successive verifications is less than the specified limit, the instrument is allowed to continue in servjce; if
not, then an pdjustment or single-point calibration should be carried out, afterrwhich the instrument is retyirned
to service.

The value sdt for the divergence limit depends strongly on the particulat.application. In general, howeve, it is
recommenddd that the limit be set equal to 50 % or 100 % of the “uncertainty associated with the required
class of perfgrmance, i.e. 0,05 MJ/m3 or 0,10 MJ/m3 for class 1 and“s0 on.

A strategy thiat simply compares present performance with the immediate past performance does not pigk up
problems su¢h as long-term drift. To do this, a cumulative-sum control chart (see ISO 5725-6) that records the
results of all|verification tests should be maintained. A(pre-set limit to the cumulative long-term drift car] then
be used to trlgger an unscheduled maintenance operation, including recalibration.

8.1.3 Multipoint verification

For some types of instrument, the processydescribed in 7.1.2 as multipoint calibration is impossible to pefform,
in the sense|that there is no access to those instrument settings that allow the application of a correction to
the sensitivity. In this case, multipointyverification shall take the place of multipoint calibration.

The process|of multipoint verification is identical to that of multipoint calibration, except that no correctjon is
made. The cfiteria that the-fesults of multipoint verification need to satisfy in order that the instrument shgll be
allowed to cgntinue in service are

a) that test|resultstare unchanged, within pre-set limits, since the previous verification,

b) that the [estyresults are correct within the uncertainty values of the certified test gases.

These criteria are, of course, closely interlinked. As for single-point verification, the pre-set limits can sensibly
be set equal to the uncertainty associated with the required class of performance.

If an instrument fails a multipoint verification test, this probably indicates the need for corrective maintenance.

If maintenance demonstrates the need for corrective adjustments, then it will probably be necessary to consult
with the instrument supplier.

8.2 \Verification gases

The main point requiring emphasis here is that it is not necessarily required that single-point verification gases
be certified for calorific value, whereas multipoint verification gases do require this certification.
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The general requirements for single-point verification gases are discussed in 8.1.2 and it is not necessary that
they be repeated.

The requirements for multipoint verification gases are identical to those of multipoint calibration gases
(see 7.2).

9 Maintenance

9.1 Preventive maintenance

It is [normal practice to carry out, as a minimum, all maintenance procedures as recommended by the
manufacturer, and at the prescribed frequency.

Addijonal preventive maintenance can be required when the performance assessment.tests (see 5.1) have
suggested that, for a particular application, the required performance is likely to e achieved ¢nly by more
strindent or more frequent attention.

e cases, there is likely to be a requirement that preventive maintenance can be carrieg out without
damgge to, or interference with, any officially set protective marks or seals>1t can be necessary| however, to
brealf such devices and officially re-set them after any maintenance,operation that demands af least partial

The $chedule of maintenance operations should include requirements for the instrument cabinef| or test room
Il as for the instrument. This can involve items such as airfilters, etc.

9.2 [ Corrective maintenance

Corrgctive maintenance is any set of operations eatried out in order to repair an instrument malfunction. The
malfynction in question can be either catastrophic (i.e. the instrument shuts down and/or the recprd is lost) or
it can be that routine verification procedures:show that the recent record is unsatisfactory (inaccunate).

It is |not possible to give general guidelines for the content of corrective maintenance progedures, but
procedures relevant to various types,_of failure can likely be found in the particular manufacturerfs instrument
mandals. Calibration of an instrument is mandatory after the performance of corrective maintenance.

10 Quality control

10.1| General

Takep togethery/calibration, verification, maintenance and quality control, plus “live” operation, ¢onstitute the
set gf distinct procedures that shall be required for normal post-acceptance routine application of an
instryment. ‘A flow chart showing a typical sequence in which these procedures shall be carried oyt is given as
Figure 4
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Day = Day + 1 Operation

Time for calibration

yes
no

Time for maintenance

yes

Time for verification

Quality control Preventive mainténance

es
Y Ok?

no

Verification and quality
control

If verification result is very bad or shows
Ok? long-term drift, consider going directly to
corrective maintenance

ne

Calibration

Verification and quality
control

YyES

/Ok?

Consider replacement if corrective
maintenance fails more than once
Corrective to resolve problems

maintenance

no

Figure 4 — Operational procedures
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Quality control, in the context of routine calorific value measurement, is that set of operations or observations
that together ensure the proper functioning of the measurement system. The latter includes the instrument

itself

and all of the ancillary equipment (e.g. the sampling line).

Apart from regular verification, which constitutes the major quality control mechanism, the procedure is
generally passive (i.e. non-interventionist) and visual. It is necessary that it be carried out according to a
regular schedule (e.g. daily or weekly) during a period of normal measurement with which it shall not interfere.
It may also be carried out if any apparent measurement anomaly is detected during normal operation.

The procedure should involve working through a checklist that includes all of the environmental parameters

The ¢bserved values of the various parameters from the checklist should be compared with-thos

accessible to

f parameters

p established
tside of pre-
alibration or

period (e.g.

in particular

is likely that
Lire limits are

durinp installation or during the previous calibration. In the event that any parameter-falls oy
estaljlished acceptable limits, the possibility of active intervention, such as_verification, ¢
maintenance, should be considered.

A log of all data recorded during quality-control procedures should be Kept for an extended
10 ydgars) for possible retrospective qualitative or quantitative analysis.

10.2| Environmental parameters and ancillary equipment

10.2. General

The relevant items are mainly those listed in 10.2.2 t0.10.2.6 although there can be others
appli¢ations:

10.2.2 Ambient conditions

Thesp include ambient temperature, atmospheric pressure and relative humidity. They ar¢ unlikely to
influgnce the performance of the instrument under normal circumstances although (see 5.1.6) if
there| are temperature limits within which the instrument is required to operate. If these temperat
exceg¢ded then, whether or not instrument performance is apparently affected, steps should be

the e
and

asse
conv
instry

10.2.

nvironment back within spegification. In the event of a correlation between any of these thre
the recorded calorific-value (i.e. of a magnitude greater than that observed in the
Esment tests), it is probably indicative of instrumental malfunction, which should be investiga
enient to maintain_eontinuous records of these parameters, e.g. using thermo-baro-hyg
ments.

B Combustion-air quality

Therg should be a check on the status of any air-filtration equipment external to the instrument;

main

the a

10.2.4 Calibration and verification gases

The pressure in each cylinder of gas used by the instrument should be checked

a)

b)
t

©I1SO

in order to detect possible leakage,

o be available “off-the-shelf”.
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ained in accordance with the manufacturer's instructions. It can also be useful to make ST

taken to get
b parameters
performance
led. It can be
rograph-type

this shall be
ot-checks of

to enable the procurement of replacements in good time, bearing in mind that certified gases are unlikely
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10.2.5 Statu

s of ancillary devices

The activity status of any device connected to the instrument, such as a pen recorder, printer or
data-acquisition unit should be checked. Observations that should be made include a check on the proper

operation of any pen or printer and of the amount of any chart roll remaining unused.

10.2.6 Abno

rmal electrical transmissions

Any devices electrically connected to the instrument should be checked in order to avoid any influence of
abnormal transmissions on the instrument.

10.3 Instry
Rather few
possible, the
checks that
following:

a) integrity
b) where a

c) shape, s

An observati
with the likeli

mental factors

nstrumental factors are generally amenable to much more than a superficial check. Where
readings of any air and gas flowrate indicators should be recorded but, beyond that, the avdlable

do not interfere with instrument function are purely observational. These should includg the

of all visible electrical connections;

hood that the instrument requires maintenance and/orFecalibration.

32

ccessible, the condition of any sensor elements (e.g. exposed thermocouples);

ize, structure, colour, etc., of any exposed flame, including that\en any external pilot burner.

pn of any these factors that differs sensibly from previous observations should be investidated,
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Annex A
(normative)

Symbols and units

Symbol Meaning Unit
Hs Volume-basis superior calorific value MJ/m3
H Volume-basis inferior calorific value MJ/m3
p Absolute pressure kPa

t Time

T Temperature K
T Relaxation time s
X Mole fraction —
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B.1 Exam

Annex B
(informative)

Examples of type-approval and technical specifications

ple of type-approval specification

a) Instrum

When calibrd

instrument shall measure calorific values with a total uncertainty of less than + 0,10 MJ/m3.

b) Reporti

Lnt accuracy

ted with a certified gaseous reference mixture of uncertainty no greater than + 0,05\MJ/m

ng of results

B the

The instrumént shall provide printed reports of calorific value at intervals of timie“not exceeding 1 hf and
printed reports of the daily average calorific value immediately after midnight.
c) Type-agproval programme
Type-approvpl testing of the instrument shall include tests carried outyin accordance with the performjance
assessment [clauses of ISO 15971, and shall establish the operational envelope within which the reduired
accuracy is gchieved. The boundaries of this envelope shall definethe operating conditions for the acceptable
use of the ingtrument.
B.2 Example of technical specification
The purchase documentation, of which this example technical specification can form one part, is lik¢ly to
include a number of other important requirements, not least of which are the purchase price, delivery time and
technical bagk-up available.
Note to vendpr: The following are minimum requirements.
a) Performance:

— range of superior/galorific value (dry at standard reference conditions): (36 to 45) MJ/m3

— unckrtainty ever range: +0,10 MJ/m3

— repTatabiIity: +0,05 MJ/m3

— time for 95 % response to 1 MJ/m3 change: <4 min
b) Environmental conditions for specified performance:

— temperature range: (10 to 50) °C

— temperature stability: no requirement

— relative humidity: (30 to 85) %

— electromagnetic compatibility: to level 3
34 © ISO 2008 — All rights reserved
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c) Calibration:

— calibration gas:

— calibration interval:

d) Electrical supply:

e) Automatic re-ignition:

ISO 15971:2008(E)

+0,05 MJ/m3

no requirement

(240 + 20) VAC single phase at (50 = 5) Hz (or vendor to supply

transformer)

Re-ignition procedure tried three times; then to safe state if

re-ignition not successful

f)  $afety features:

g) Calorific-value record:

Fail-safe circuits to shut down to safe state in event
state occurring

Continuous digital display with hard-copy\ printout;
selectable

bf hazardous

print interval
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Annex C
(informative)

Class 0 mass-basis calorimetry

C.1 Principle

The distingui
in strict acco
through an u

All current cl
mass basis.
heat from the

In the usual
exchange flu
calibration (s
heat in this ty

Mass-basis

standard ref
restated, if s
also necessa
the scope of

C.2 Gene

The main fe|
comprised of
Tref, Within w
vessels, the
separated by

heat transfer

shing feature of calorimeters capable of class 0 performance is that all operations are cafrie
dance with the best metrological practices and all relevant physical measurements aretrace
hbroken chain of comparisons, to international metrological standards.

ass 0 calorimeters fall into the “direct” measurement category and measure calorific value
They depend on the determination, using thermometric measurements, of the energy releas
combustion of a discrete mass of gas.

configuration, the main measurement is of the dynamic increase in femperature of a stirred
id within a sealed container, which is compared with the temperature rise produced g
ee Clause C.3). It is necessary to take great care to account/for all minor sources and sir
pe of calorimeter [12], [13], [14],

Calorific values are usually measured at, and referenced to, the international thermoche
prence temperature, T, =298,15 K (25 °C), by thisidechnique. The values obtained are
D required, on a volumetric basis using a measured value for the density of the gas at T,
ry to make corrections for any change in the reference conditions, but these factors are be
this International Standard.

ral method

an external water bath, nofmally thermostatically controlled to within 10 mK at about 2 K &
hich the calorimeter assembly is mounted. This assembly consists of two concentric copper/
inner one mounted within the outer by means of thermally insulating supports. The vesse
an air gap, and thé-facing surfaces gold-plated and highly polished in order to reduce rad

d out
able,

on a
bd as

heat-
uring
ks of

mical
then
Cltis
yond

atures of a typical class 0 mass-basis calorimeter are shown in Figure C.1. The apparafus is

bove
brass
S are
iative
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1

Key
1 water pump a8  Secondary oxygen.
2 stirrer motor b Combustion pfoducts.
3 spark ignition electrode € Primary exygen + argon.
4 quartz crystal thermometer d  Fuel gas.

Figure C.1 —Schematic diagram of class 0 calorimeter
The inner vessel contains the calorimeter burner and coiled heat-exchange unit (typically made of Pyrex glass
with |a silica burner jet){ a‘ temperature-measuring device (typically a platinum-resistange or quartz

ometer), a constant-speed stirrer, a sleeve for a cold finger and, where used, an electrigal heater for
calibfation. This vessel-is filled with heat-exchange fluid (usually water) and sealed to prevent changes in the
of fluid thatyaffect the energy equivalent (i.e. calibration constant) of the calorimeter. During a
comhustion run,fuel gas, a primary argon-oxygen mixture and secondary oxygen enter through inlet lines

the_combustion zone. The argon is present only to stabilize the flame and to give good combustion

; ; ; ; fmher vessel is
force-cooled to about 2 K below T, and then allowed to rise slowly in temperature (with no flow of fuel gas)
as a result of heat transfer from the environment; the temperature is measured as a function of time until the
heat-exchange fluid reaches (say) 1,5 K below T, (fore-period).

The main period is then initiated, either by igniting (at the spark electrode) the fuel gas, which now begins to
flow, or (for an electrical calibration) by switching on electrical power. The temperature increase is now
recorded continuously (i.e. every few seconds) until a temperature of (say) 1,5 K above T, is reached, at
which time the fuel gas flow is stopped (or electrical power switched off), but the temperature-time
measurements are continued until the heat-exchange fluid is close to 2 K above T,y (after-period). The
temperature-time plot for the whole run has the form shown in Figure C.2.
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Figure C.2 — Temperature-time plot for class 0 calorimeter

many of the switching and other operations needed in the course of a run, are under com

ected can be used to determine either an energy equivalent for the calorimeter system or,
e of the energy equivalent,the heat input from the known mass of fuel gas burned, and hen
alorific value.

y broad outline of atypical system. An experimental run has many additional intricacies an
at the data analysis' take account of these, particularly those that concern the many sm3
e sources and\sinks of heat, e.g. the spark-ignition system, the energy of stirring, the

vapour lost in effluent gasés, etc. [131.

Class 0 calo
measuremer]
metrology, e

fimeters—-of this sort are labour-intensive spot-test instruments that are designed to carr
ts to\the highest achievable accuracy on discrete samples of gas. The requiremenf

ture discrimination during all phases of:the run is normally 1 mK. Readings of temperature,

puter

Lsing
ce its

it is
Il but
vater

y out
s for

hvironmental control and data acquisition systems and the test duration of more than 1d

each determ

instruments described in 4.2, 4.3 and 4.4 are normally used.
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C.3 Calibration

C.3.1 Electrical heating method

In this method [4], calibration is achieved by the input of an accurately determined amount of energy

(released as heat), using an electrical resistance device as the source. This is operated, as
Clause C.2, over a known period of time, during which the thermal response of the
heat-exchange fluid is followed, in order to determine the energy equivalent of the calorimeter.

described in
calorimeter's
This method

has the capability of providing traceability, through the use of certified devices (e.g. platinum resistance

thermometers, resistors, voltmeters, time signals, etc.), to national metrological standards.

C.3.2 Combustion method

method, heat is dissipated in the calorimeter during ‘calibration at exactly the same poi
r) as during a run on a sample gas. Consequently, i€ internal heat-flow patterns should 4
s the case with electrical calibration, and there can'be less scope for the introduction of sy
this particular source. This apparent advantage, however, is offset by the presence i
tainty budget of a significant contribution, .hot present in the electrical calibration meth
tainty of the standard enthalpy of combustion of the calibration gas.

pf accurately
bonse of the

certainty) for
Actice. In this
s perforce to
conventional
ble of direct

nt (i.e. at the
e more alike
tematic error

the overall
bd, from the
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Annex D
(informative)

Direct combustion calorimetry

The main principles of direct, continuously recording combustion calorimetry are presented briefly in 4.2, and
so are not repeated here, except to reiterate that a steady flow of gas, metered volumetrically, is burned under
controlled conditions in an excess of air so as to produce a quasi-stationary (equilibrium) temperature rise in a

continuously
rise in the he

A schematic
simplified “th
known, but a

In this devicq
pressure an
mounted on
means of a (g
consequence
irrespective

value, theref
of the heat-e

The two res
and the out-q
or to a data-4

In principle,
an unambigu

a) all of the
b) all of thg
Neither of th
heat balancs

the instrume

Nevertheless

operation within an-air-conditioned and temperature-controlled room.

at-transfer medium is taken as a measure of the volume-basis superior calorific value of\the

diagram of a typical commercial implementation of these principles is shown as Eigure D.1,
ermal circuit” for this is shown as Figure D.2. Other, more or less distinct, implementation
Fe no longer in widespread use.

, the fuel gas, the air for combustion and the heat-exchange air are all.metered (at atmosg
I in the saturated state) in three separate water-sealed “wet-meters”. All three meter
the same axle, in a single large tank of water (the level of which S continuously maintain
ump-and-weir system) and are driven, through a system of gears; by a single electric motor
, the ratio between the amounts of fuel and air deliveredyby each meter remains con
bf changes in motor speed, atmospheric pressure or ambient temperature. At constant ca
pre, the temperature difference between the nickel resistance thermometers at the inlet and
xchanger unit remains constant. A typical temperaturedifference for natural gas is about 20

stance thermometers are mounted in the opposite arms of a Wheatstone bridge arrange
cquisition unit.

he temperature difference observed between the inlet and outlet thermometers can be us
ous determinant of the superior catotific value of the saturated gas only if

energy liberated as heat of combustion is transferred to the heat-exchange air, and

water produced by combustion is condensed to the liquid state.

bse requirements_can/be fully achieved in practice, and so it is not possible to secure an
that allows the-calculation of calorific value from first principles. Nor, for a variety of reaso

nt fully insensitive’to variations in ambient temperature.

, instruments of this type are readily capable of class 1 performance given proper calibratio

counter-flowing heat-transfer medium with which it does not mix. The equilibrium tempefature

gas.
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ment,

f-balance signal is conditioned and used as input to a recording device, such as a pen recorder,
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