INTERNATIONAL
STANDARD 1

ISO
2039

Second edition

2019-10

Stationary source emissions —
Determination of the mass

concentration of carben monoxi
carbon dioxide and-oxygen in fly
gas — Performance characterist
automated measuring systems
Emissions de source$ fixes — Détermination de la concent
de monoxyde de carbone, de dioxyde de carbone et d'oxyg|

Caractéristiques de fonctionnement et étalonnage de syst
automatiques de mesure

de,
1e
ics of

ration
ene —
Pmes

Reference number
1SO 12039:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

IS0 12039:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

IS0 12039:2019(E)

Contents Page
FOT@WOIM ...ttt ettt iv
3 L 010 L0 ot 0 T \'4
1 S0P ... 1
2 L0 00 B T AT o <Y (=) =) 4 o = 1
3 Terms and AefiNTTIONIS ...t sssssssnesereee 1
4 Symbols and abbreviated terms.... ol
5 PIANCIPI@ ..ot e s 5
6 Description of the automated measuring Systems...............ccrn 0T e 5
6.1 Sampling and sample gas conditioning SYStEMS........c...ocoervrrsrserrsierpm e e 5
6.2 ANalySer QUIPIENT ... N T 5
7 Performance characteristics and Criteria ... e oo, 6
7.1 Performance criteria
7.2 Determination of the performance characteristics..........,.. S\t 7
7.2.1  PerfOrmanCe TESt . ..o e sssseeee s sssssseesssss e 7
7.2.2  0Ongoing qUAlity CONTIOL . ... oo 7
8 Selection and installation procedure.............. &2 8
8.1 Choice of the measuring system ... .. 8
8.2 SAMPING e .8
8.2.1  Sampling location .8
8.2.2  Representative sampling .8
8.3 (OF=1 ot BT E=1 5 o ) o O 7= Soe S I 8
8.3.1  Conversion from volume-to mass concentration for CO ... 8
8.3.2  Conversion from wetto dry conditions for CO, CO, and O, concentratjons............ 9
9 Quality assurance and quality-control procedures
9.1 General ..o ) e
9.2 FreqUeNCy Of CRECKS . o .o
9.3 Calibration, validdtion and measurement UNCErtainty ... 10
10 TESTTEPOTT ... i
Anngx A (informative) Infrared absorption method (CO and CO,)
Anne¢x B (informative] Extractive 0, measurement techniques ...
Annegx C (informative) In situ CO, CO, and 0, MeaSUremMent.............iiiii]
Annex D (nofimative) Operational ASES ... e 30
Annex E-(normative) Procedures for determination of the performance characteristicsj................... 31
Anne¢x P (informative) Examples of the results for the assessment of CO, CO, and O, AMS........ 39
Annex G (informative) Calculation of uncertainty of measurement of CO, CO, and O,........................ 44
BIDLEOZTAPIY . ...t 51
© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

ISO 12039

:2019(E)

Foreword

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

Carbon monoxide, carbon dioxide, and oxygen are gases found in the exhaust gases of combustion
processes. Determination of the concentration of these gases is necessary to demonstrate compliance
with local regulations and can assist the operator in the optimization of the combustion process. The
determination of O, and/or CO, is also necessary to normalize the measured concentration of other
gases and dusts to defined conditions. There are a number of ways to measure concentrations of CO,
CO, and O, in stacks/ducts.
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Stationary source emissions — Determination of the
mass concentration of carbon monoxide, carbon dioxide
and oxygen in flue gas — Performance characteristics of
automated measuring systems

Thisdocument specifies the fundamental structure and the most important performanee ch{
of aytomated measuring systems for carbon monoxide (CO), carbon dioxide (GO,) and
to bd

The
and

systems in connection with analysers that operate using, for example,the following princiy

Othefr instrumental methods can be used provided they meet the minimum requirements

this

Automated measuring systems (AMS) based on the principles above have been used succes
application for measuring ranges'which are described in Annex G.

2

The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

requ red,measurement uncertainty

3

$cope

method allows continuous monitoring with permanently installed-measuring system
D, emissions. This international standard describes extractive systems and in situ (non

infrared absorption (CO and CO,);
I;ramagnetism (0,);

girconium oxide (0,);
¢lectrochemical cell (0,);

tuneable laser spectroscopy (TLS) (CO, CO,and 0,).

¢dlocument.

Normative references

following docfiments are referred to in the text in such a way that some or all of t

14956yAir quality — Evaluation of the suitability of a measurement procedure by compd

iracteristics
pxygen (0,)

used on stationary source emissions. This document describes methods-and equipment for the
meagurement of concentrations of these gases.

s of CO, CO,
-extractive)
les:

proposed in

sfully in this

heir content
applies. For
hts) applies.

rison with a

Terms and definitions

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

3.1

analyser
analytical part in an extractive or in situ AMS (3.3)
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automated
AMS
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measuring system

measuring system interacting with the flue gas under investigation, returning an output signal
proportional to the physical unit of the measurand (3.8) in unattended operation

[SOURCE: IS

09169:2006, 2.1.2 modified]

Note 1 to entry: In the sense of this document, an AMS is a system that can be attached to a duct or stack to
continuously or intermittently measure the mass concentration of CO, CO, and O, passing through the duct.

3.3
in situ AMS
non-extract

Note 1 to ent

34

parallel me
measureme
AMS (3.2) u
providing p

3.5
interferend

cross-sensitivity
positive effect upon the response of the measuring system, due to a component of the

negative or
sample that

3.6

interferent
interfering
substance p
response of

3.7

lack-of-fit
systematic
by applying]
reference mg

Note 1 to ent

Note 2 to en
“linearity” oy

[SOURCE: I§
3.8

ve systems that measure the concentration directly in the duct or stack

Fy: In situ systems measure either across the stack or duct or at a point within the daget or stac

asurements

nts taken on the same duct in the same sampling plane for the same period of time wit
hder test and with the reference method (3.12) at points a short distance from each g
hirs of measured values

(S

is not the measurand (3.8)

substance
resent in the air mass under investigation, other than the measurand (3.8), that affect]
AMS (3.2)

deviation within the range of application between the measurement results obtg

iterials (3.11) and the corresponding accepted value of such reference materials (3.11)
Fy: Lack-of-fitmay be a function of the measurement result.

try: Thedexpression “lack-of-fit” is often replaced in everyday language for linear relatio
“deviatien from linearity”.

0/9169:2006, 2.2.9]

h the
ther,

s the

1ined

the calibration function to the observed response of the measuring system, measiyiring

s by

measurand

particular q
[SOURCE: IS
3.9

uantity subject to measurement

O/IEC Guide 98 3:2008, B.2.9, modified — Example and Note removed.]

performance characteristic
one of the quantities assigned to equipment in order to define its performance

Note 1 to entry: Performance characteristics can be described by values, tolerances, or ranges.
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3.10

period of unattended operation

maximum interval of time for which the performance characteristics (3.9) remain within a predefined
range without external servicing, e.g. refill, adjustment

[SOURCE: I1SO 9169:2006, 2.2.11]
Note 1 to entry: The period of unattended operation is often called maintenance interval.

3.11
reference material
substance or mixture of substances with a known concentration within Qpprifipd limits or a device of

known characteristics

Note |l to entry: Normally calibration gases, gas cells, gratings or filters are used.
[SOURCE: ISO 14385-1:2014]

3.12
refeyence method
meagurement method taken as a reference by convention, which gives.the accepted refergnce value of
the measurand (3.8)

3.13
trankport time
<measuring system> time period for transportation of the;sampled gas from the inlet of the probe to
the iplet of the measurement instrument

3.14
respjonse time
timelinterval between the instant when a stimulus is subjected to bring about a specified afrupt change
and the instant when the response reaches<and remains within specified limits around itq final stable
valug, determined as the sum of the lag tilme and the rise time in the rising mode, and the sum of the lag
time|and the fall time in the falling mede

[SOURCE: ISO 9169:2006, 2.2.4]
Note |l to entry: Lag time, rise time“and fall time are defined in ISO 9169:2006.

3.15
spar] gas
gas dr gas mixture Gsgd to adjust and check the span point on the response line of the measyring system

Note [L to entry:-T\His concentration is often chosen around 70 % to 90 % of full scale.

3.16
span point
valug ofthe output quantity (measured signal) of the automated measuring system (3.2) forithe purpose
of calibration, adjustment, etc. that represents a correct measured value generated by reference gas

3.17
standard uncertainty
uncertainty (3.18) of the result of a measurement expressed as a standard deviation

[SOURCE: ISO/IEC Guide 98 3:2008, 2.3.1]

3.18

uncertainty (of measurement)

parameter associated with the result of a measurement, that characterizes the dispersion of the values
that could reasonably be attributed to the measurand (3.8)

[SOURCE: ISO/IEC Guide 98 3:2008, 2.2.3, modified — Note 1,2 and 3 removed.]
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validation of automated measuring system
procedure to check the statistical relationship between values of the measurand (3.8) indicated by the
automated measuring system (3.2) and the corresponding values given by parallel measurements (3.4)
implemented simultaneously at the same measuring point

3.20
zZero gas

gas or gas mixture used to establish the zero point (3.21) on a calibration curve within a given
concentration range

3.21

zero point

specified vallue of the output quantity (measured signal) of the AMS (3.2) and which, in the @bsen
d component, represents the zero crossing of the calibration line. In case of 05 monit

the measurg

AMS (3.2), the zero point is interpreted as the lowest measurable value.

4 Symbg

€;

K
N

YR

)ls and abbreviated terms

Residual (lack-of-fit) at level i

Coverage factor

Number of measurements

Standard deviation of repeatability

Combined uncertainty of X (CO, CO, or O,) mass concentration
Expanded uncertainty of X (CO, CO, or, 0y) mass concentration
Molar mass of X (CO, CO, or 0,, g/mol)

Molar volume (22,4 1/mol at,standard conditions)

Volume fraction of X (CONCO, or 0,)

X (CO, CO, or 0,) mass concentration in mg/m3

CO, CO, or O, mdss concentration at standard conditions in mg/m3 (273,15 K;
101,325 kPa)

CO, CO5qp 0, mass concentration at reference conditions in mg/m3 (273,15 K;
101,325 kPa; H,0 corrected)

ol

Agerage of the measured values x;

ce of
bring

AMS
FTIR
GFC

ith measured value

Average of the measured value at level i
Value estimated by the regression line at level i

Automated measuring system
Fourier transform infrared

Gas filter correlation
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NDIR Non-dispersive infrared

QA Quality assurance

QC Quality control

TLS Tuneable laser spectroscopy

5 Principle

This r&

dete

Therg are two types of automated measuring systems:

and

In s
repr

The

metHods that shall meet the minimum performance speeifications given.

This|document specifies performance characteristics and criteria for AMS.

6

6.1

Sam

ISO 10396.

In extractive sampling,(these gases are conditioned to remove aerosols, particulate mattg
interffering substances-before being conveyed to the instruments. Three kinds of extractive

a)
b)

)

achmant - daccriboac ayboa b d oot cuctaac for cornnling coanla cod
GO U et e SerpeSattoatte e ea St e e Rt Sy Stem S o—SaHmprii S —Saipre—€cotat

rmining CO, CO, and O, content in flue gas using instrumental methods (analysers).

¢xtractive systems;

in situ systems.

¢onveyed to the analyser through the sampling line and samplegas conditioning syste

itu systems do not require any sample processing. Fot the installation of these
¢sentative place in the stack is to be chosen.

systems described in this document measure CO, CO; and O, concentrations using i

Description of the automated measuring systems

Sampling and sample gas conditioning systems

pling and sample gas conditioning systems for extractive and in situ methods shall

[old-dry,
Hot-wetand

Dilvtion,

Fioning, and

With| extractive systems, the representative gas sample is taken from the stack with a sarIE)ling probe

systems, a

hstrumental

conform to

br and other
systems:

as well as non-extractive systems, are described in ISO 10396. In non-extractive sampling, the
measurements are made in situ; therefore, no sample conditioning other than filtering of filterable
materials at the probe tip is required.

The details of the extractive sampling and sample gas conditioning systems as well as analyser
equipment are described in Annex A and Annex B. In Annex C, two kinds of in situ systems are

illus

6.2

trated.

Analyser equipment

Examples of the typical analytical methods available are described in the Annex A, Annex B and
Ann

ex C.

AMS shall meet the performance characteristics described in Clause 7.
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7.1 Performance criteria

Table 1 gives the performance characteristics and performance criteria of the analyser and measurement
system to be evaluated during performance tests, by means of ongoing QA/QC in the laboratory and
during field operation. Test procedures for the performance test are specified in Annex E.

Table 1 — Performance characteristics and criteria of AMS for measurement of CO, CO, and O,

Performance characteristic Performance criterion Test prnt‘e_du re
CO and CO, 0,
Response tirpe <200s <200s E2
Standard deyiation of repeatability |<2,0 % of the upper |<0,2 % for O, volume E.3.2
at zero point limit of the lowest  |concentrationP
measuring range
used?
Standard deyiation of repeatability [<2,0 % of the upper [<0,2 % for O, volume E.3.3
at span point limit of the lowest  |concentration
measuring range
used
Lack-of-fit (ljnearity) <2,0 % of the upper [<0,2 % for O, wolume E4
limit of the lowest  |concentratioh
measuring range
used
Zero drift within 24 h <2,0 % of the upper |<0,2 % for O, volume E8
limit of the lowest .|eoncentration
measuring range
used
Span drift wjthin 24 h <2,0 % of the ipper [<0,2 % for O, volume E8
limit of the'lowest  |concentration
measuringrange
used
Zero drift within the period of <3,0)% of the upper |[<0,2 % for O, volume E9
unattended pperation limit of the lowest  |concentration
measuring range
used
Span drift wjthin the period.ef <3,0 % of the upper |[<0,2 % for O, volume E9
unattended pperation limit of the lowest  |concentration
measuring range
used
Sensitivity tp sample'gas pressure, |<3,0 % of the upper |<0,2 % for O, volume E.11
for a pressure change of 2 kPa limit of the lowest  |concentration
measuring range
used
Sensitivity to sample gas flow for <2,0 % of the upper [<0,2 % for O, volume E.12
extractive AMS limit of the lowest  |concentration
measuring range
used
Sensitivity to ambient temperature, |<3,0 % of the upper [<0,3 % for O, volume E.13
for a change of 10 K in the limit of the lowest  |concentration
temperature range specified by the |measuring range
manufacturer used
a  Percentage value as percentage of the upper limit of the lowest measuring range used.
b Percentage value as oxygen volume concentration (volume fraction).
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Table 1 (continued)
Performance characteristic Performance criterion Test procedure
CO and CO, 0,
Sensitivity to electric voltage in the |<2,0 % of the upper |<0,2% for O, volume E.1
voltage range specified by the limit of the lowest  |concentration
manufacturer measuring range
used per 10V
Cross-sensitivity <4,0 % of the upper |<0,4 % for O, volume E.5
limit of the lowest  |concentration
measuring range
used
Losss and leakage in the sampling [<2,0 % of the Eb forlpss and E.7
line §nd conditioning system measured value forleakpge
Excursion of the measurement beam [<2,0 % of the E.10
of crpss-stack in situ AMS measured value of
the lowest
measuring range
used
a  Rercentage value as percentage of the upper limit of the lowest measuring range used.
b Percentage value as oxygen volume concentration (volume fraction).

The

which the limits of uncertainty of the measuring instrumentare specified. The upper limit
meaguring range used should be set suitable to the application such that the measureme
withjn 20 % to 80 % of the measuring range.

7.2

7.2.
The

desc

Determination of the performance chdracteristics

1 Performance test

perfgrmance criteria specified-in-Table 1.

The

The
ISO
and

ambient conditions applied during the performance tests shall be documented.

measurement upcertainty of the AMS measured values shall be calculated in acco
4956 on the basis of the performance characteristics determined during the perfo
shall meet thel€vel of uncertainty appropriate for the intended use. These characteri

determined either by the manufacturer or by the user.

7.2.
The

24 .0Ongoing quality control

measuring range is defined by two values of the measutand, or quantity to be supplied, within

f the lowest
nt values lie

performance characteristics of_the AMS shall be determined during the perforiance tests
[ibed in Annex E. The values-of the performance characteristics determined shdll meet the

"dance with
rmance test
stics may be

11 1 1 ] £ 1 4 ;e ] : : il £41
USTT SIIAIT CIITCK SPTLITIU PETTUTIIAIILE CIIdT dCLETISUILS UUTIITy UIIgUITE OPTLdUiUIl U UT

system with a periodicity specified in Table 2.

measuring

The measurement uncertainty during field application shall be determined by the user of the measuring
system in accordance with applicable international or national standards. For process monitoring (non-
regulatory application), the level of uncertainty shall be appropriate for the intended use. It can be
determined by a direct or an indirect approach for uncertainty estimation as described in ISO 20988.
The uncertainty of the measured values under field operation is not only influenced by the performance
characteristics of the analyser itself but also by uncertainty contributions due to:

the sampling line and conditioning system,
the site-specific conditions, and

the calibration gases used.
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8 Selection and installation procedure

8.1 Choice of the measuring system

To choose an appropriate analyser, sampling line and conditioning unit, the following characteristics of
flue gases should be known before the field operation:

ambient temperature range;

temperature range of the flue gas;

water v
dust log
expecte

expecte

To avoid lor
necessary, a
heated filteq

Before mon
performed.

NOTE
8.2 Samp

8.2.1 San

The sampliy]
In addition,

APOUTL COIILCIIU Uf L}lU ﬂue 854S,

ding of the gases;

d concentration range of CO, CO, and O,;

d concentration of potentially interfering substances;

g response time and memory effects, the sampling line should be ‘as short as possik
bypass pump should be used. If there is a high dustloading in the samiple gas, an approp
shall be used.

toring emissions, the user shall verify that the necessafy)QA/QC procedures have

Infformation on QA/QC procedures is provided in ISO 14385-1 and ISO 14385-2.

ling
Ipling location

g site shall be in an accessible location where a representative measurement can be 1
the sampling location shall be choséen with regard to safety of the personnel.

8.2.2 Representative sampling

It is necess
conditions i

NOTE
stratification

8.3 Calcu

hry to ensure that the-gas concentrations measured are representative of the avd
hside the flue gas duct:

The selection of sampling points for representative sampling is described e.g. in ISO 10396, whet

fluctuations'ifrgas velocity, temperature and others are mentioned.

lation

le. If
riate

been

hade.

brage

e gas

8.3.1 Conuersion from volume to mass concentrationforco |

Results of the measurement for CO shall be expressed as mass concentrations at reference conditions.

If the CO concentration is provided as a volume fraction, Formula (1) shall be used to convert volume
fraction of CO (10-6), ¢¢(, to CO mass concentrations, y¢q:

Yco =Pco Mo /Vy

where

M
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Yco is the CO mass concentration in mg/ms3;

@co  is the volume fraction of CO (by volume, 10-6);

Mo is the molar mass of CO (=28,010 g/mol);

Vy  isthe molar volume (= 22,4 1/mol at standard conditions).

8.3.2

Conversion from wet to dry conditions for CO, CO, and O, concentrations

9:2019(E)

The CO concentration measured in the wet gas shall be corrected to the CO concentration at standard

condfitions, using Formula (2):

whel

If ne
atre

whet

A
l

T  isthe temperature (K);

T  isthe temperature (K);

T 101,325
s =10 373 15 101,325+p

e

co is the CO mass concentration measured in the wet gas (mg/m3);

is the CO mass concentration in the wet gas at standard eonditions in mg/m3 (273
101,325 kPa);

S

is the difference between the static pressure ofithe sample gas and the standard pre

fessary, the CO concentration measured in thetwwet gas should be corrected to the CO c(
ference conditions (dry gas), using Formula\(3):

T 101,325 100%
=70 373 15 101,325+p 100:%~h

e

co is the CO mass concentration measured in the wet gas (mg/m?3);

is the CO massaerncentration at reference conditions in mg/m3 (273,15 K; 101,325
corrected);

r

is the'difference between the static pressure of the sample gas and the standard pre

is the absolute water vapour content (volume fraction) (%).

(2)

15 K;

ssure (kPa).

ncentration

(3)

kPa; H,0

ssure (kPa);

The concentration of CO, or O, measured in the wet gas can be corrected to the CO, or O, concentration
at reference conditions (dry gas), by using the Formula (3) by substituting CO, or O, for y(.

9 Quality assurance and quality control procedures

9.1

General

Quality assurance and quality control (QA/QC) are important in order to ensure that the uncertainty
of the measured values for CO, CO, and O, is kept within the limits specified for the measurement task.
The results of the QA/QC procedures shall be documented.
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9.2 Frequency of checks

AMS shall be adjusted and checked after the installation and then during continuous operation. Table 2
shows the minimum required test procedures and frequency of checks. The user shall implement the
relevant procedures for determination of performance characteristics or procedures described in this
paragraph and Annex E. The results of the QA/QC procedures shall be documented.

Table 2 — Minimum checks and minimum frequency of checks for QA/QC during the operation

Check Minimum frequency for Test procedure
permanently installed AMS
Response tirpe Once a year E.2
Standard deYiation of repeatability at zero Once a year E.3.2
point
Standard deyiation of repeatability at span Once a year E.3.3
point
Lack-of-fit Once a year and after any major E.4
changes or repair to the AMS, which
will influence the results obtained
significantly
Sampling sy$tem and leakage check Once a year or after any major‘echang- |E.7
es or repair to the samplingsystem
Beam alignnent (in situ AMS only) Once a year According to

manufacturer’s man

ual

cleanliness

Light intensity attenuation through

hind dust load (in situ AMS only)

According to manufdéturer’s
requirements

According to
manufacturer’s man

ual

Cleaning or
the
sampling inl

hanging of particulate filters at

bt and at the monitor inlet

The particulate filters shall be
changed periodically depending on
the dustiload at the sampling site.
During this filter change the filter
heusing shall be cleaned.

According to
manufacturer’s man

ual

operation or period specified by
national standards

Zero drift? Once in the period of unattended E.8
operation or period specified by
national standards

Span drifta Once in the period of unattended E.8

Regular mai

htenance of theanalyser

According to manufacturer’s
requirements

According to
manufacturer’s man

ual

a2  Analyser

can be checkéd with internal gas cells or optical filters for this determination.

The user shall iinplement a procedure to guarantee that the reference materials used mee
requirement specified in Annex E, e.g. by comparison with a reference gas of higher qu

uncertainty

t the
ality.

9.3 Calibration, validation and measurement uncertainty

The calibration and validation of the AMS shall be performed annually and after repair of the analyser
in accordance with applicable national or international standards.

Permanently installed AMS for continuous monitoring shall be calibrated by comparison with

a) anindependent method of measurement, or

b) a certified reference material.

In either case, the validation shall include the determination of uncertainty of the measured value
obtained by calibrating the AMS. The AMS shall be subject to adjustments and functional tests according
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to 9.2 before each calibration. This ensures that the measurement uncertainty is representative of the
application at the specific plant.

The validation shall include the determination of the uncertainty of measured values obtained by
comparison between reference gas or reference material with the AMS.

NOTE

The determination of the uncertainty of measured values obtained by permanently installed AMS for

continuous monitoring on the basis of a comparison with an independent method of measurement is described,
e.g.in 1SO 20988.

The uncertainty of the measured values shall meet the uncertainty criterion specified for the
measurement objective.

10

It is presupposed that the test report satisfies applicable legal requirements. If gt Specifie
it shall include at least the following information:

a)
b)
‘)
d)
e)

f)
g)

h)
i)
j)
k)
D)

Test report

g reference to this document, e.g. ISO 12039:2019;

3 description of the measurement objective;

the principle of gas sampling;

information about the analyser and description of the sampling and conditioning line;

identification of the analyser used, and the performance characteristics of the analy
Table 1;

perating range;

gample gas temperature, sample gas pressure and optical path length through an opti
eeded for only in situ measurement);

etails of the quality and the coneentration of the span gases used;
escription of plant and precess;
the identification of the sampling plane;
the actions takente achieve representative samples;
4 descriptionofithe location of the sampling point(s) in the sampling plane;
3 descripfion of the operating conditions of the plant process;

the changes in the plant operations during sampling;

1 otherwise,

ber, listed in

cal cell (itis

1#h
&

o timao
t

ake-tmeand-du
the time averaging on relevant periods;
the measured values;

the measurement uncertainty;

the results of any checks;

any deviations from this document.
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Annex A
(informative)

Infrared absorption method (CO and CO,)

A.1 Measuring principle based on infrared absorption technique

hg of
ment

one

gy is
nt of
beific

The non-digpersive infrared absorption method is based on the principle that gases consisti
molecules with different atoms absorb infrared radiation at a unique wavelength. The measure
technique nakes use of the principle as follows:
a) Dual beam method

The radiation emitted from an IR source is divided into two beams and then modulated

beam passing through the measuring cell and the other through the reference cell containing an

IR inactive gas, usually nitrogen. If the sample gas contains CO or COs; some of the IR ener

absorbgd and the difference in IR energy reaching the detector is¢roportional to the amou

CO or (O, present. The detector is designed so that it is only sehsitive to the CO or CO,-sp

wavelengths.

3
a [ b
2
4
i 6 7 - 8
5

Key
1 IR sourcg 6  detector
2 chopper|motor 7  electronics
3 chopperwheel 8 display
4  sample gell a  Sample gas inlet.
5 referencecell b Gas outlet

Figure A.1 — Diagram of a dual-beam type NDIR analyser

b) Single beam method

There are at least three types of single beam methods:

— Use of interference filters, with one filter at the absorption band for the gas being measured
and the other filter at the reference wavelength. The gas concentration is then a function of
the ratio of the measured and reference wavelengths. A tuneable filter with varying band pass
wavelength may be employed instead of multiple filters.

12

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

IS0 12039:2019(E)

— In the gas filter correlation (GFC) method the measurement interference filter is replaced
with a gas filter; otherwise the method is similar to above. The gas analyser consists of the
gas correlation filters, which are composed of the sample gas filter filled with the sample
gas including CO or CO, and the reference gas filter filled with the correlation zero gas (N,),
and the chopper wheel. After the introduction of the sample gas into the sample cell, the gas
correlation filters and the chopper wheel are rotated constantly. The gas analyser measures
the differential IR absorption of a beam which alternatively passes through the sample gas
filter and the reference gas filter. This gives better sensitivity and reduction of cross-sensitivity
effects. Additional gas filters can be used to minimize the effect of interfering gases.

3

A\

| [~
CoO | N,
|
2
4|

10
Key
1 IR source 8  mirror
2 gas correlatiopAfilter 9  sample cell
3 dample gas filter 10 detector
4  teference'gas filter 11 amplifier
5 ¢hopper wheel a2 Sample gas inlet.
6 1pofor b Gas outlet.
7  optical filter ¢ Output signals.

Figure A.2 — Diagram of gas filter correlation type NDIR analyser

— Cross-modulation type non-dispersive infrared analyser detects the difference of infrared
absorption caused by alternatively introducing the sample gas and the gas for reference (e.g.,
air with NO,, SO, etc., removed) to the measurement cell. The difference measured is the level
due to the measurand and in this way the effect of interfering components are removed.

© IS0 2019 - All rights reserved 13
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Key
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14

IR sourc¢

sample d

b

ell

part for dletection (optical filter and detector)

solenoid
sample g
gas for r¢
Gas inlet]
Gas outld

Fourien

In a tw
collimat
mirror,
design,

valve
as
ference
t.
Figure A.3 — Diagram of cross-modulation type NDIR analyser
transform infrared spectroscopy

b-beam intgrferometer typically used for FTIR, the light emitted from infrared souyce is
ed and-difected to a beam splitter. Part of the light passes through the beam splitter to a
and the rest of the light is reflected to another mirror. Depending on the interferorheter
ofig or more mirrors are made to move, and as a result the beams will have travelled

over di

Herentdistances—When thetwo beams—are reflectedbacktothe beamrsptitter;

there

will be a phase difference between them. The combined output beam exiting the interferometer
will have varying intensity as a function of the optical path difference (mirror position). This
varying intensity signal is called the interferogram and it is linked to the wavelength spectrum
by the Fourier Transformation. The spectrum is obtained in an FTIR instrument by recording
the interferogram, applying some digital signal processing to it (apodization, filtering, phase
correction) and computing its inverse Fourier transformation. The spectrum obtained is evaluated
against established library spectra to derive the concentration of the gaseous species of interest
(CO or COy,).
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6 5 %
L v —
a

Key
1 IR source
2 Beam splitter (half-silvered mirror)
3 :Lxed mirror
4 oving mirror
5 dJample cell
6  detector
a  Moving.

Figure A.4 — Diagram of Fourier transform infrared analyser
A.2 | Description of the.automated measuring system
A.2.1 Cold-dry extractive system
A repjresentativegolume of flue gas is extracted from the emission source at a controlled flgw rate. Dust
prese¢nt in the.velume sampled is removed by filtration before the sample gas is conditioned and passes
to thie analytical instrument. Figure A.5 shows an arrangement of a complete measuring $ystem with
different possibilities for implementation.
© IS0 2019 - All rights reserved 15
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d
l
11T -2
5
Key
1 gas sampling probe 9 flow meter
2 primary filter 10 analyser
3 heating (|for use as necessary) 11 wvalve
4  sampling line (heated as necessary) a  Sample gas.inlet.
5 sample dooler with condensate separator ®  Gas outpt.
6  sampling pump ¢ Inlet€or zero and span gas (preferably in front of the noz7le)
7  secondary filter to check the complete system.
8 needle vilve d (_lnlet for zero and span gas to check the conditioning system and
the analyser.
e Inlet for zero and span gas to check the analyser.
EXAMPLE Cold-dry extractive type.
FigureA:5 — Diagram of the automated measuring system

A.2.2 Hotrwet extractive system
When analygersiwwith a hot sample cell (for FTIR, NDIR and others) are used, the automated measTring

system as shown in Figure A.6 is often applied.
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[T :‘I_B Q—— -

DY

<
b

Key

1  dampling probe, heated (if necessary)

2 article filter (in-stack or out-stack)

3 i[eated sampling line

4  dampling pump, heated

5 nalyser with heated sample cell

a

ample gas inlet.

o
Nl Lo o)

ero and span gas inlet.
¢ has outlet.

EXAMPLE  Hot-wet type.

Figure A.6 — Diagram ofthe hot optical measuring system

A.3 | Components of the sampling and the sample gas conditioning systems

A.3.1 Sampling probe

The [sampling probe shallybe made of suitable, corrosion-resistant material (e.g. stajnless steel,
borokilicate glass, ceramic; PTFE is only suitable for flue gas temperature lower than 200 °C).

A.3.2 Filter

The filter is ieeded to remove the particulate matter, in order to protect the sampling{system and
the analyser;The filter shall be made of ceramic, PTFE, borosilicate glass or sintered metal. The filter
shallf be<héated above the water or acid dew-point. A filter that retains particles greater than 2 um
is recommended. The size of the filter shall be determined from the sample flow required and the
manufacturer's data on the flow rate per unit area.

The temperature of the sampling probe and the filter must be higher by at least 10 °C to 20 °C than the
water or acid dew-point of the gases.

A.3.3 Sampling line

The sampling line shall be made of PTFE, PFA or stainless steel. The lines shall be operated at 15 °C above
the dew-point of condensable substances (generally the water or acid dew-point). The tube diameter
should be appropriately sized to provide a flow rate that meets the requirements of the analysers,
under selected line length and the degree of pressure drop in the line as well as the performance of the
sampling pump used.
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sture removal system

The moisture removal system shall be used to separate water vapour from the flue gas. The dew point
shall be sufficiently below the ambient temperature. Dew point of 2 °C to 5 °C is suggested. Sufficient
cooling is required for the volume of gas being sampled and the amount of water vapour that it contains.

For the hot-wet extractive system (A.2.2), this moisture removal system is not used.

A.3.5 Sampling pump

A sampling pump is used to withdraw a continuous sample from the duct through the sampling system.

This may b
pump shall
thatitcans
sampling lin
than thatre

For the hot-

A.3.6 Sec

The second
pump and t
materials an
the sample f

A.3.7

The flow cd
corrosion reg

Flow controller and flow meter

d dldl)‘lll dslll Pullll.l, d lllCtd]l lUC‘I}UVVD puxup, dall CjCLtUl puluy Ul Ut]llcl ty PCD Uf l.)ullll)b
be constructed of corrosion-resistant material. The performance of the pump shall be
1pply the analyser with the gas flow required. In order to reduce the transport.fime i
e and the risk of physicochemical transformation of the sample, the gas flow eanibe gr
quired for the analytical units.

vet extractive system (A.2.2), the pump shall be operated at a minimuniof 180 °C.

pndary filter

ry filter is needed to remove the remaining particulate madterial, in order to proted
he analyser. A filter that retains particles greater than 14um'is recommended. Accep
e PTFE, borosilicate glass or sintered metals. The size of the filter shall be determined
low required and the manufacturer's data on the flow rate per unit area.

ntroller and flow meter are used to set th€ required flow. They shall be construct
sistant material.

The
such
n the
pater

t the
table
from

bd of
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Annex B
(informative)

Extractive 0, measurement techniques

B.1 Measuring principle based on the paramagnetic, zirconium oxide and
eledtrochemical cell methods

B.1.1 Paramagnetic method (0,)

Oxygden is strongly paramagnetic and is attracted into a magnetic field. All other gasds, with few
exceptions, are either weakly paramagnetic or diamagnetic. This property ¢an be used|to make an
analysis which is specific to oxygen.

Threle basic detection techniques are given as example here.

a) Dumb-bell type analyser (see Reference [7])

n element, usually a torsion balance, forming a dumb®bell with diamagnetic glasq spheres, is
uspended in a strong, inhomogeneous magnetic field: The dumb-bell spheres are pushed away
rom the most intense part of the magnetic field. When'the gas surrounding the dumb-beglls contains
xygen, the spheres are pushed farther out of thé\field due to the change in the field cqused by the

aramagnetic oxygen.

The system is first set up without sample gas so that light will reflect off of a small njirror onto a

hotocell. In a feedback loop, a current.is sent through a platinum wire that encirclep the dumb-
Eell, creating an electromagnetic counter torque. This torque restores the mirror posftion so that
the photocell will again detect the-reflected light. The amount of restoration necessary (current
through the wire) when oxygen ispresent is related to the oxygen concentration.

A schematic diagram of a typical configuration of a dumb-bell type analyser is shown in Figure B.1.
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~—~
—
a
6
Key
1 feedbacK coil 5 feedback circuit
2 dumb-bdll 6 . lamp
3 mirror 7. “photocell (detector)
4  measurement cell @ Sample gas inlet.

o

Sample gas outlet.
Figure B.1 — Diagram:of'a paramagnetic method (Dumb-bell type)

b) Magnetic wind type analysér

A seconfd technique uses’the temperature coefficient of the paramagnetic effect. The paramagpnetic
coefficient is inversely jproportional to the absolute temperature. If a strong magnetic figld is
combingd with a temperature gradient, then a flow of oxygen gas will be created. The rate of
flow (mjagnetic wind) is a function of oxygen concentration and can be measured, for examplle by
therma] conductivity techniques.

A scherpatic' diagram of a typical configuration of magnetic wind type analyser is shown in
Figure B-Z:
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Key

1 eating filament
2 'j[:agnet

3 agnetic wind
4 yesistor

5 Bridge current

Figure B.2~~'Diagram of a paramagnetic method (Magnetic wind type)

) agneto pnénmatic type analyser

he third\technique utilizes a strong magnetic field across a tube. If oxygen, which is paramagnetic

as is-In an uneven magnetic field, it is attracted to the stronger portion of the magnetic field
increasing the pressure in that portion. The pressure increase at this time is taken gut from the

agnetic field using a carrier gas (N,). It is detected by like a capacitor diaphragm/microphone
detector.

A schematic diagram of a typical configuration of a magneto pneumatic type analyser is shown in
Figure B.3.
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'y
b
11
a
Key
1 detector
electromagnet
Sample gas.

b Carrier das.
¢ Gasoutlgt.

Ty

igure B.3 — Diagram of a paramagnetic method (Magneto pneumatic type)

B.1.2 Zirqonium oxide method (0,)

The zirconipmeoxide (ZrO,) method measures the oxygen in a flue gas using an yttria-stabillized
zirconium cx1de cell w1th porous platlnum electrodes coated on both its inner and outer surffaces.
When this ce ' ’
Vacancies in its crystal lattice permlt the moblllty of oxygen 1ons SO that the cell becomes an oxygen-
ion-conducting solid electrolyte.

The platinum electrodes on each side of the cell provide a catalytic surface for the change of oxygen
molecules to oxygen ions and oxygen ions to oxygen molecules. Oxygen molecules of the high-
concentration gas side of the cell gain electrons to become ions that enter the electrolyte. Simultaneously,
at the other electrode, oxygen ions lose electrons and are released from surface of the electrode as
oxygen molecules.

When the concentration of oxygen is different on each side of the cell, oxygen ions migrate from
the high oxygen concentration side to the low oxygen-concentration side. This ion flow creates an
electronic imbalance that results in a voltage potential between the electrodes which is a function of
the temperature of the cell and the ratio of oxygen partial pressure on each side of the cell.
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The output voltage as a function of temperature and oxygen concentrations in the sample and reference
gases is given by the Nernst equation:

E:[RT}lnp—1

™,

where

E is the output voltage;

R __isthe gas constant;

NOTH

A scH
Figu

T isthe absolute temperature;

is the Faraday constant;

p, is the partial pressure of O, in the gas for reference;

p, is the partial pressure of O, in the process gas.

In practice, certain zirconium cells may not exactly follow the Nernst equation.

lematic diagram of a typical configuration of a ZrO, type dnalyser (see Reference [8])
re B.4.
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Key
1 electric gignal 6 . outer Pt. electrode
2 electrically conductive sealing 7 “Zr0,-electrolyte
3 metal mgunting a”  Air 0,.
4  sealing b Reference gas "air".
5 inner Ptelectrode ¢ 0,

d  Exhaust gas.

Figure B4 — Diagram of a zirconium oxide method

B.1.3 Extractive electfochemical cell method (0,)

Electrochenpical cells-€an be used to measure O, if the electro-oxidation or electro-reduction of the gas
molecules af an electidode results in a current that is directly proportional to the partial pressure of the
gas. In thes¢ cells/the gas diffuses through a selective semipermeable membrane to an electrod¢ and
electrolytic [solution. The gas reacts at the electrode and a product of the reaction is transported to a

] 1 I 4
counter-elec¢trode-where TGty reacts:

The current generated from the difference in electromotive force (emf) from the cathode/anode
reactions is measured. A retarding potential can be maintained across the electrodes to prevent the
oxidation of gas species that might otherwise interfere.

A schematic diagram of a typical configuration of an electrochemical analyser is shown in Figure B.5.
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1
Key
1 dample gas
2 diaphragm
3  1egative electrode
4 ([ositive electrode

0 N owuUl

electrolyte

resistor
anode
cathode

Figure B.5 —'\Diagram of electrochemical cell method

B.2 | Description ofthe automated measuring system

A representative velume of flue gas is extracted from the emission source at a controlldd flow rate.
Particulate matteppresent in the volume sampled is removed by filtration before the sample passes to
the analyticalinstrument. A typical arrangement of a complete measuring system for O, is §ame as that

described in¥A.2.1 (CO and CO, based on NDIR).

Zr0,[sefisor can also be used in hot wet extractive systems (described in A.2.2) or in sity measuring

systqni.
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Annex C
(informative)

In situ CO, CO, and 0, measurement

C.1 Measuring principle based on in situ CO, CO, and O, measurement with

Tuneable|Laser Spectroscopy (TLS) technique
An examplg of an in situ TLS is shown below however extractive systems are also available| The
analysis pripciple is based upon measurement of unconditioned CO, CO, and O, in the stream. CO} CO,
and O, levels are determined by direct measurement with a tuneable laser analyser. For-the correftion
to dry standard conditions it is recommended to measure water vapour together with the CO, CO, pr O,
concentrati]:n
NOTE Analysers based on NDIR and FTIR principles are also offered for in situnmedsurements.
C.2 In situ cross duct measuring systems
C.2.1 General
The in situ|TLS measuring system consists of a transmitter and receiver unit. The two unit$ are
mounted oplposite each other directly on the pipe or stack: Figure C.1 shows a typical arrangement of
an in situ measuring system based on tuneable laser for€0, CO, or O,
5
— o b
a
2 &{> <:5
1
3 [[l L 3 4
— 17
— 1L lg¢g |
C
Key
1  transmitter unit 6  pressure sensor (if the duct has constant conditions, it is not required)
2 receiver unit 7  temperature sensor (if the duct has constant conditions, it is not
required)
3  purging flanges a Purge gas.
4  validation cell b Purge gas, span gas or zero gas.
5 three-way valve ¢ Stack gas region.

26

Figure C.1 — Diagram of an in situ TLS measuring system (example)
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C.2.2 Components of an in situ TLS measuring system (cross duct)

C.2.2.1 Transmitter and receiver unit

The transmitter unit contains a laser light source and the receiver unit contains a photo detector. The
light beam is emitted from laser diode located in the transmitter unit. The laser light passes through
the gas and strikes the photo detector in the receiver unit.

C.2.2.2 Optical window purge

The |

urging flanges have two functions. First, the flanges are used to mount the transmitte

or receiver

unit

If required by the application, purge gas is applied to keep the windows clean in order to

cont
and

instr
501/

C.2.2

To v
regu

One
optid
filled

Duri
valid

The
cell,
of fu

NOTH
unsu

C.2.2

Due

on the measurement signal. If the parameters exceed the maximum acceptable variatio

and
TLS ¥

bn the pipe. Second, the purging flange has a connection port for the purging.

hmination of the optical components by the flue gas. The purge medium enters the pu
lows in the direction of the duct, where it is mixed with the flue gas. As~purge med
ument air is used. The purge flow depends on the conditions and is typically between 4
min.

.3 Validation cell [CO only]

brify the functionality of the TLS measuring system, a validation procedure can b
arly.

method for validation is to apply an external validation cell, which is permanently mo
al path between the pipe and the transmitter/recéiver unit. An alternative method is
cell with stable concentration.

ation cell is temporarily moved into the@ptical path respectively.

bas concentration required for both,methods depends on the optical path length an
hs well as the measuring range. Typically test gas with a concentration equivalent to 7
| span is used.

Calculated O, and CQj concentrations in the validation cell can exceed 100 % making t
table.

4 Pressure and.téemperature sensor
o the in situdnstallation, varying gas pressures and gas temperatures in flue gas may h

pr temperature sensors can be applied to provide the relevant gas pressure or tempef
measuring system to correct for the influence of temperature and pressure variations.

prevent the
rging flange
ium usually
01/min and

b conducted

unted in the
to use a gas

hg the validation procedure, the validationcell is flushed with certified test gas ¢r gas filled

d validation
0 % to 90 %

he procedure

hve an effect
s, pressure
ature to the

C3

In situ point measuring systems

C.3.1 General

The in situ point measuring system consists of a transceiver unit and a probe. The beam is typically
transmitted through a short path of sample gas stream and reflected by the mirror at the tip of the
probe. Figure C.2 shows a typical arrangement of an in situ point measuring system.
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C.3.

C.3.2.1 General

In sifu point monitors sample the gas stream in the 'duct at the end of the probe. Gas
monitored over a short path, depending upon the principle of measurement (see Figure C.2).

C.3.2.2 Instrument transceiver

The

electrical signal that corresponds to the concentration of the gas being measured.

C.3.2.3 Measurement cell

A celll or cavity exposed tothe gas stream, for the purpose of producing an electro-optical
the gas concentration at-the end of the probe.

C.3.2.4 Probe filter

A po
with|the gas.measurement. If little effect of particulate matter on the measurement is ex
possible‘to'use a non-filter probe.

IS0 12039:2019(E)

b) Non-Filter type(a side view of the probe)

transceiver unit

probe

probe filters

probe flange

mirror

pressure sensor (if the duct has constant conditions, it is not required)
temperature sensor (if the duct has constant conditions, it is not required)

yalidation cell
hree-way valve

i

§pan gas or zero gas.

Purge gas, span gas or zero gas.
q

tack gas region.

Figure C.2 — Example of an in situ TLS measuring system (point monitor)

2 Components of an in situ TLS measuring systent\(point monitor)

component of the instrument senSing the response of the measurement cell and

is typically

generate an

response to

rous ceramic or sintered metal tube or screen minimizes the interference of particiilate matter

pected, it is
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(normative)

Operational gases

D.1 General

Several operational gases are required when using this document.

D.2 Zero|gas

Zero gas shdll not contain compounds which interfere with the measuring efficiency‘ofthe instruments.
For all analysers, pure nitrogen (5,0 grade, with the impurity of components to be measured less
than the anglytical detection limit), purified ambient air or other mixtures of 05 and N, shall be psed,
however, foff ZrO, method the “air point” shall be used. With air as the sample gas, the ZrO, cell gi(I:/es a
zero output|(but the analyser reads 21 % O,) as a result ZrO, sensor usdally uses a zero-gas surrggate
at a concentyation of 2 % or 3 % O,.

The concentjration of the species of interest within the zero gas shall' not exceed 1,0 % of the measyiring
range used.

D.3 Span|gases

Span gas shall consist of CO or CO, in purified air arN, or O, in N,. It shall have a known concentrption
with a maximum permissible expanded uncertainty of 2,0 % of its nominal value traceable to applifable
standards. The span gas concentration shouldbe about 70 % to 90 % of the upper limit of the selgcted
measuring range. The ZrO, cell may use otlier span gas concentrations, because of the measyiring
principle.

D.4 Reference gas

Reference gas shall consistz0fCO or CO, in purified air or O, in nitrogen. It shall have a knpown
concentratign with a ma&imum permissible expanded uncertainty of 2,0 % of its nominal yalue
traceable to|applicable standards.

30 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

IS0 12039:2019(E)

Annex E
(normative)

Procedures for determination of the performance characteristics

E.1

Befo
into

Befo
to th

Duri
para

q

q

q

For
unce

NOTH
drift,
an ex|

E.2

In or
shall
of re
step
test

fall t

For instruments where transient oscillations occur in approach to the final output sign

outp

General

‘e any tests are being performed the warm-up time specified by the manufacturer sh

e determining the performance characteristics of an AMS, the instrument shall be set |
e manufacturer’s requirements and according to the procedure detailed in'9.3.

hg the test conditions for each individual performance characteristic) the values of t
meters shall be constant within the specified range stated below:

urrounding temperature *2 °C;

ampling pressure *0,2 kPa;

he determination of the various performanceicharacteristics reference gases wi
rtainty of concentration shall be used.

Response time, repeatability at zero and-at span level, lack-of-fit, cross-sensitivity, zero d
sensitivity to ambient temperature, sensitivity to electric voltage of in situ systems can be m|
ternal test cell.

Response time

der to establish response time, lag time, rise time and fall time, a step function of thd
be input to the continuolus automatic measuring system. Unless otherwise specified
ference, the step produced by the test facility shall have a rise time (between 10 % and
change) less than10 % of the averaging time to be applied during the tests. The step c
facility shall correspond to at least 60 % of the measuring range (see Figure E.1). If r
me differ, thé. longer one is to be taken for the computation of the response time.

it signal is considered as reached when the oscillations fall to within 10 % of the input

NOTH

hccount. If the warm-up time is not specified, a minimum of two hours should be,taker].

upply voltage +1 % of the nominal line voltage (exceptfor the voltage dependence test).

all be taken

ip according

he following

th a known

rift and span
pasured with

measurand
n the terms
90 % of the
hange of the
se time and

al, the final
step.

A cignifir‘anf difference between the rise time and the fall time indicates memor

Y effects, i.e.

dependence of a result of measurement on the values of the measurand during previous measurement(s).

© ISO

2019 - All rights reserved

31


https://standardsiso.com/api/?name=80d4e5f81512469cc65496609ec2cdec

IS0 12039:2019(E)

A ' c
\ 3\
C: | {
3 Y = )7
_C3 - 0,1(C3 - Cz)
G +09(G-C)
Y
;- 0/9(C; - C3)
Cz — Yz B
Ci+0,1(C:-C) j
G i I—
2\
)/ t
tlag - tlag A
- trise - Lral
tresp tresp = »
Key
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G value df the measurand in reference-material i
Y, outputjsignal obtained by measuring the measurand in reference material i
ti,g lagtimle
tse lisetime
e fall time
tresp Tesporse time
Figure E.1 -—Illustration of the time characteristics of an automated measuring system; Change of
the outputsigna sutput)-afterachange of the reference value C(input)as-afunctionoftime ¢

E.3 Repeatability at zero and at span level

E.3.1 General
To determine repeatability at zero and at span level, several measurements are conducted at zero

and at a span concentration according to the procedures in E.3.2 and in E.3.3. Standard deviation and
repeatability are calculated for both series of measurement (zero and span value) according to ISO 9169.
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E.3.2 Standard deviation of repeatability in laboratory at zero point

The standard deviation of repeatability at zero point shall be determined by application of a reference
material at the zero point (zero gas). First adjust the zero point of the analyser. Then zero gas is to be
applied to the sample inlet.

If the standard deviation of repeatability at zero point is determined during the lack-of-fit test, the
reference material at zero concentration applied during the test shall be used.

The measured values of the AMS at zero point shall be determined after application of the reference
material by waiting the time equivalent to one independent reading and then put in a zero gas or go

back tofluaanc and than mancura cnan gac At laoact 10 timac
T e oo et e T e St E o Pt o ot Te oo T o e e

The measured values obtained shall be used to determine the standard deviation of.repgatability at

zero [point using Formula (E.1):

—\2
= M (E.1)
n-1

a

wherte

is standard deviation of repeatability;
is the ith measured value;

is the average of the measured values x;;

e
ST

N is the number of measurements.

The $tandard deviation of repeatability at zeTo point shall meet the performance criterion|specified in
Table 1.

NOTH Independent reading is the(reading that is not influenced by a previous individudl reading by
sepaifating two individual readings by at least four response times.

E.3.3 Standard deviation of repeatability in laboratory at span point

The $tandard deviationsofrepeatability at span point shall be determined by application of a reference
matdrial at the span point (span gas). The span gas has to be applied to the sample inlet. If the standard
deviation of repeatability at span point is determined during the lack-of-fit test, the highest value of
referfence materialapplied during the test shall be used.

The measuredwalues of the AMS at span point shall be determined after application of the reference
mategrial By-waiting the time equivalent to one independent reading and then put in a zefo gas or go
te flue gas and then measure span gas, at least 10 times. The measured signals obtained shall be

The standard deviation of repeatability at span point shall meet the performance criterion specified in
Table 1.

E.4 Lack-of-fit (Linearity)

The lack-of-fit (linearity) shall be checked in the laboratory by feeding zero gas and at least four test
gases with concentrations evenly distributed over the selected measuring range. The different gas
concentrations may be produced using a dilution system.

The test gases shall be applied in an order, which avoids hysteresis effects.
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Perform for each test gas with the accepted value c; at least 3 consecutive measurements, each averaged
over at least one response time. The residuals e; (lack-of-fit) shall be determined on the basis of a linear
regression as described in ISO 9169. In this test procedure, a regression line is established between the
instrument readings of the AMS (x values) and the test gas values (c values). In the next step, the average

x; of AMS readings at each test gas level is calculated. Then the deviation (residual) of the average to

the corresponding value, x;, estimated by the regression line is calculated according to Formula (E.2):

(E.2)

The deviati
Table 1.

If the perfq
performanc

E.5 Cros

The influen
admitting td
present). Th
the gases fo
and shall h
certified (tr

Interferentg
measureme
admitted in

Test gas wit
AMS shall b
and then rd
averaged.

The deviati

present at the zero point and span peint shall be determined for each interferent.

All positive
deviations b

point. The maximum of the'absolute values of the four summations shall meet the performance crf

specified in

The individyial readings, averages and deviations at zero point and span point and for all interferer

well as the 1

1 . 1 1l 1 L . . Lol
DILS, €5, dl €©dUIT LESL 5d5 CULILTIILI AU STTall HICETL IS PEITUTIIAIICE CIIETNTUIT SPEClL

rmance criterion is not met, the instrument response has to be corrected unti
b criterion is met.

5-sensitivity

ce of potentially interfering substances also present in the flue gas shall be determing
st gas mixtures to the input of the complete AMS (upstream 6f the test gas cooler, W
e gas mixtures shall be produced with a mixing system inrwhich an interferent is add
I zero point and span point. The mixing system shall be Compliant with national stand
hve a maximum expanded uncertainty of 1 %. Refetence materials (e.g. gases) shg
hceable to national standards) and shall have an expdnded uncertainty no greater than

and their concentrations are defined in relation to the measuring principle and the inte
ht objective. The interferents listed in Table E:1'shall be examined. The interferents sh
Hividually.

hout interferent and then with the interferent shall be applied. The measured signals g

e determined for each test gas by:waiting the time equivalent to one independent re
cording three consecutive individual readings. The three individual readings sha

bns between the average.reading with and the average reading without the interf

deviations above\0;5 % of the span gas concentration shall be summed and all neg
elow -0,5 % ofthe span gas concentration shall be summed at both the zero point and

Table 1.

haxXimum deviation shall be reported.
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Table E.1 — Concentrations of interferents used during cross sensitivity tests

34

Mass or volume concentration
Interferent
Value Unit
0, 32and 21 %
H,0 30 %
co 300 mg/m3
Co, 15 %
CH, 50 mg/m3
N,0 20 mg/m3
a  Atestwith 3 % oxygen concentration is used instead of a test without interferent.
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Table E.1 (continued)

Mass or volume concentration
Interferent -
Value Unit
N,O 3
(fluidised-bed firing) 100 mg/m
NO 300 mg,/m3
NO, 30 mg/m3
NH,4 20 mg/m3
S0, 200 mg/m?3
SO,
(coal-fired power stations 1000 mg/m3
without desulphurisation)
HCl 50 mg/m?
HCl 3
(coal-fired power stations) 200 mg/m
a2 Atestwith 3 % oxygen concentration is used instead of a test withoutinterferent.

E.6 | Check of losses in the sampling line and conditioning system

The losses in the sampling line and conditioning system shall be checked by supplying zero gas and span
gas tp the analyser through the sampling system, as closeas'possible to the nozzle (in front of the filter
if pogsible) and secondly direct to the analyser. The testgas should have a CO, CO, or O, congentration of
abouft 70 % to 80 % of the measuring range. Possible ithpurities in the entire system may lea¢l to memory
effecfts due to adsorption or desorption to or from the surfaces. Differences shall be less than 2 %.

E.7 | Check of leakage in the sampling line and conditioning system
The §ampling system shall be checked for'leaks. The procedure of leak test is as follows:
— assemble the complete sampling system, including charging the filter housing and absqrbers;
— allow the sampler to warm-up to its operating temperature;
— geal the nozzle inlet;

— (¢lose the nozzle-and switch on the pump(s);

— 3fter reaching' minimum pressure read the flow rate.

E.8 | Zero drift and span drift for performance test

Zero and span drifts are estimated Dy applying at least 10 sequences of zero and span level, evenly
distributed on a period of 24 h, and calculating for each concentration the slope of a linear regression,
according to 1SO 9169.

The position of the zero point and of the span point shall be determined manually by applying zero gas
and span gas. The deviations between the measured values at the zero point and at the span point and
the nominal values shall meet the performance criterion specified in Table 1.

E.9 Zero drift and span drift for periodical test

Instrument adjustments with zero and span gases or with other reference materials shall be carried out
at least once in the period of unattended operation. Tests for instruments for periodical measurements
shall be carried out at the beginning of each measurement series.
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The zero and span gas or other reference materials shall be used under the same flow and pressure
conditions as for measurement conditions. For zero and span gas the sample port of the instrument
or a procedure according to the manufacturer's instructions should be used. The deviations between
the measured values at the zero point and at the span point and the nominal values shall meet the
performance criterion specified in Table 1.

E.10 Excursion of measurement beam of cross-stack in situ AMS

Gradually and precisely deflect the transmitter and receiver assemblies of the AMS in the horizontal
and vertical planes, and then record the measured signals using reference materials.

NOTE 1 T]Lis test typically applies to cross-stack in situ optical techniques. The test also applies to extrgctive
AMS with separate transmitter and receiver assemblies.

NOTE 2  This testing requires calibration standards (e.g. reference filters) and an optical bench.

NOTE3  Typically the experimental path length for this test can be from 1 m up to 5 m dt|least, although the
test should b¢ performed at the maximum path length practical.

Deflections shall be carried out for both the position of the zero point and as\well as for that of ajspan
point for approx. 70 % to 90 % of the output range over two typical measurement path lengths| The
deflection i to be performed in incremental steps of approximately 0,05%inthe angle range demanded.

The range of deflection shall be equal to at least twice the angle“specified by the manufacturer. It
should also pe tested as far as the deflection limit permitted by the-assemblies — if necessary in larger
increments.

The efficien¢y of any manual optical adjustment facilities shall be examined at least in qualitative tgrms.
Automatic adjustment processes shall be activated and included in the test.

The measured signals obtained for the various teststeps shall be included in tabular form in the test
report. Thege measured signals shall be paired up with the deflection angles.

The maximpm permissible deflection angles shall be stated within which the AMS satisfies the
performancg criterion. In the case of automatically aligning AMS, the manner of operation shgll be
described and verified by means of testresults.

E.11 Sensijtivity to sample gas pressure, for a pressure change of 2 kPa

Determine the influence of-variations in sample gas pressure on the response of the AMS. The sample
shall be nitrjogen contaiding the measured component at a concentration of between 70 % and 80]|% of
the upper limit of the.certification range.

Measure thg output.signal of the AMS when the sample gas pressure is at

— the ambjient atmospheric pressure;

— approximately 2 kPa above ambient atmospheric pressure, within limits of +0,2 kPa;
— approximately 2 kPa below ambient atmospheric pressure, within limits of 0,2 kPa.
During the measurement period the temperature shall be held stable to within +1 K.

The measured signals of the AMS shall be determined at each pressure by waiting the time equivalent
to one independent reading and then recording three consecutive individual readings. The three
individual readings shall be averaged.

The deviations between the average reading at each pressure and the average reading at the ambient
atmospheric pressure shall be determined. The deviations shall meet the applicable performance
criteria specified in Table 1.
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The individual readings, averages and deviations at each pressure as well as the maximum deviation
shall be reported.

E.12 Influence of the sample gas flow for extractive AMS

The AMS shall initially be operated with the flow rate prescribed by the manufacturer. This flow rate
shall then be changed to the lowest flow rate specified by the manufacturer.

NOTE Influence of the sample gas flow typically applies to extractive AMS, since in situ AMS mostly are not
influenced by flow rate.

If th¢ manufacturer’s documentation permits only minor tolerances these are binding and|shall not be
extended.

The measured signals of the AMS at the zero point and span point shall be detesmined at both flow
rated by waiting the time equivalent to one independent reading and then recording threefconsecutive
individual readings. The three individual readings shall be averaged.

The dleviation between the average readings at both flow rates shall be determined. The deyiation shall
meetf the applicable performance criteria specified in Table 1.

This|test shall be repeated three times at the zero point and thrée times at the span poing. If the AMS
meets the performance criterion by a factor of two or moredfor the first test, then any|subsequent
testihg may be omitted.

The findividual readings, averages and the deviations as” well as the maximum deviatjon shall be
repofted.

The functionality of the status signal shall be tested at the same time.

E.13 Sensitivity to ambient temperature, for a change of 10 K in the temperature
range specified by the manufacturer

Detefmine how the zero and spanwvalues of the AMS are influenced by changes in ambient temperature
by uging a climatic chamber which'can control ambient temperature from -20 °C to +50 °C, within limits
of #1}0 K.

In thle case of AMS installed outdoors, the following temperatures shall be set in the climgtic chamber
in the given order of segiience:

20°¢—>0°C—-20°C— 20°C—50°C— 20 °C.

In the case of\AMS installed at temperature-controlled locations, the following temperatyres shall be
set in) the given order of sequence:

20°¢=5°C—20°C—40°C— 20 °C.

After a sufficient equilibration period, the measured signals of the AMS at zero point and at span point
shall be determined at each temperature by waiting the time equivalent to one independent reading and
then recording three consecutive individual readings. The three individual readings shall be averaged.

Wait at least 6 h between each temperature change in the environmental chamber, to allow the AMS to
equilibrate, before taking further readings.

Alternatively, it is recommended to monitor the reading from the AMS following each temperature
change. If the instrument stabilizes in less than six hours, then the test laboratory may reduce the
equilibration period. However, record objective and verifiable evidence to support this.

The AMS shall remain switched on when varying the ambient temperature in the environmental
chamber.
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The deviations between the average reading at each temperature and the average reading at 20 °C
shall be determined. The deviations shall meet the applicable performance criteria specified in 0 for
all temperatures. The test shall be repeated three times at the zero point and three times at the span
point. If the AMS meets the performance criterion by a factor of two or more for the first test, then any
subsequent testing may be omitted.

The individual readings, averages and deviations at each temperature as well as the maximum deviation
at zero point and at span point shall be reported.

E.14 Sensitivity to electric voltage
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The measun
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Examples of the results for the assessment of CO, CO, and 0, AMS

F.1 CO measurement

The |results of performance tests according to performance characteristics of Annex E for the
CO measurement using cold extractive NDIR method (Annex A) and in situ TLS method (Annex C) are
given in Table F.1.1.
Note| Most of the data listed in Tables from F.1.1 to F.3.2 have been taken from-EN 15267 test reports
(see Reference [9]).
Taple F.1.1 — Examples of performance test results for CO measurement by using elxtractive
NDIR methods and in situ TLS method
Cold extractive In situ
Performance characteristic Performance criterion NDIR Cross- | NDIR dual- TLS type
modulation | beam type?
typed
Typital lowest range 50 mg/m3 75 mg/m3 250 mg/m3
Respgonse time <200s 57s 66 s 1,6s
Stanfard deviation of <2 % of the upperlimit of the 0,6 % 0,02 % 0,1 %
repeptability at zero point lowest measurihgrange used
Stanfard deviation of <2 % of the upper limit of the 1,3% 0,05 % 0,45 %
repeptability at span point lowest measuring range used
Lackrof-fit <2 %.of the upper limit of the 0,60 % -0,17 % 0,96 %
lowest measuring range used
Zero|drift within 24 h <2 % of the upper limit of the — — 1,3 %
lowest measuring range used
Span drift within 24 h <2 % of the upper limit of the — — 2,2%
lowest measuring range used
Zero|drift within the-period of | <3 % of the upper limit of the -0,4 % 1,2% —
unatftended operation lowest measuring range used
Span drift within the period |<3 % of the upper limit of the 2,3% -2,0% —
of lowest measuring range used
unatftended operation
SensItivity to sample gas <3 % of the upper limit of the — — —
pressure, for a pressure lowest measuring range used
change of 2 kPa
Sensitivity to sample gas flow | <2 % of the upper limit of the -0,1% — —
for extractive AMS lowest measuring range used
Sensitivity to ambient <3 % of the upper limit of the 1,2% 2,7 % 1,4 %
temperature, for a change of |lowest measuring range used
10 K in the temperature range
specified by the manufacturer
Sensitivity to electric voltage |<2 % of the upper limit of the 0,5 % 0,10 % 0,8%
in the voltage range specified |lowest measuring range used
by the manufacturer per 10V
3  The data have been taken from EN 15267 test reports.
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Table F.1.1 (continued)

lowest measuring range used

Cold extractive In situ
Performance characteristic Performance criterion NDIR Cross- | NDIR dual- TLS type
modulation | beam type?
type?
Cross-sensitivity <4 % of the upper limit of the 2,6 % -2,4% 1,5 %

situ AMS

Excursion of the measure-
ment beam of cross-stack in

<2 % of the measured value of

the lowest measuring range used

3  The data

have been taken from EN 15267 test reports.

F2 CO, measurement

The results
measureme
Table F.2.1.

Table F.]

methods and in situ TLS method

of performance tests according to performance characteristics of Arniex E for thd
ht using extractive NDIR method (Annex A) and in situ TLS method fAnhex C) are given in

2.1 — Performance characteristics for CO, measurementby-using extractive NDIR

co,

for extractive AMS

Cold extractive In sifu
Performanice characteristic Performance criterion NDIR Cross- | NDIRdual- | TLS type
modulation | beam type?
typed
Typical lowest range 20% 20 % 20 %
(volume (volume (volume
fraction) fraction) fractipn)
Response tithe <200 s 58s 80s 1,6
Standard deyiation of <2 % of the uppeplimit of the 0,0 % 0,0 % 0,07 Po
repeatability in laboratory at |lowest measuring range used
zero point
Standard deyiation of <2 % of the upper limit of the 0,1% 0,05 % 0,07 o
repeatability in laboratory at |lowest measuring range used
span point
Lack-of-fit =2 % of the upper limit of the 1,00 % 0,35 % 1,9 %
lowest measuring range used
Zero drift within 24 h <2 % of the upper limit of the — — -0,2%
lowest measuring range used
Span drift wjthin 24-h <2 % of the upper limit of the — — 1,6 %
lowest measuring range used
Zero drift withih-theperiod-of—<3-9%of the upperimitofthe 0:6-% 0,10-0%
unattended operation lowest measuring range used
Span drift within the period of |<3 % of the upper limit of the 2,7% -1,8% —
unattended operation lowest measuring range used
Sensitivity to sample gas <3% — — —
pressure, for a pressure
change of 2 kPa
Sensitivity to sample gas flow |<2 % 0,1 % — —

a  The data has been taken from EN 15267 test reports.
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