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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by the European Committee for Standardization (CEN) (as EN [14181:2014)
and yvas adopted, without modification by Technical Committee ISO/TC 146, Air quality, Subcommittee
SC 1,|Stationary source emission.

Any feedback or questions on this documient should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document describes the quality assurance procedures needed to ensure that an automated
measuring system (AMS) installed to measure emissions to air are capable of meeting the uncertainty
requirements on measured values e.g. given by legislationl1[21.[3] or more generally by competent
authorities.

Three different quality assurance levels (QAL1, QAL2, and QAL3) are defined to achieve this objective.
These quality assurance levels cover the suitability of an AMS for its measuring task (e.g. before or
during the purchase perlod of the AMS) the Valldatlon of the AMS followmg its 1nsta11at10n and the
control of the—# d 5 3 d H-plant aftHat-s afreq test
(AST) is als¢ defined.

The suitabiliity evaluation (QAL1) of the AMS and its measuring procedure are described in|EN 1$267-
3 and ISO 14956 where a methodology is given for calculating the total uncertainty of AMS meadured
values. Thig total uncertainty is calculated from the evaluation of all the uncertainty components
arising fronj its individual performance characteristics that contribute.

vi © IS0 2023 - All rights reserved
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Stationary source emissions — Quality assurance of
automated measuring systems

1 Scope

This document specifies procedures for establlshmg quality assurance levels [QAL) for automated

mea
components and other flue gas parameters.

This|document specifies:

— 4 procedure (QAL2) to calibrate the AMS and determine the variability 'of the meas

he flue gas

ured values

btained by it, so as to demonstrate the suitability of the AMS for its application, following its

installation;

— aprocedure (QAL3) to maintain and demonstrate the required quality of the measure;
uring the normal operation of an AMS, by checking that the‘zero and span charac

¢onsistent with those determined during QAL1;

femain as previously determined.

This|document is designed to be used after the AMS has been certified in accordance with

documents EN 15267.

2 Normative references

The following documents are referred to in the text in such a way that some or all of t
consfitutes requirements of this\document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

EN 15259:2007, Air qudlity — Measurement of stationary source emissions — Requl

meadurement sections aht)sites and for the measurement objective, plan and report

EN 1p267-1, Air quality — Certification of automated measuring systems — Part 1: General pr

EN 1p267-2, Airquality — Certification of automated measuring systems — Part 2: Initial asse{

g procedure for the annual surveillance tests (AST) of th¢ AMS in order to evaluate (i) tha
¢orrectly and its performance remains valid and (iiJ\that its calibration function an

ment results
teristics are

Litfunctions
1 variability

the series of

heir content
applies. For
hts) applies.

rements for

inciples

tsment of the

AMS manufacttirer’s quality management system and post certification surveillance for the mqnufacturing

process

EN 1I:")£’7 Q A q11nl ity Cortification of automatod moaciiring cyc fomec Part 3. anfnrm Hince criteria

uuj STt O O ra Ot e C a i CHo v 1, o yotCiits

and test procedures for automated measuring systems for momtormg emissions from statzonary sources

ISO 14956, Air quality — Evaluation of the suitability of a measurement procedure by comparison with a

required measurement uncertainty

3 Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2023 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

31

automated measuring system

AMS

measuring system permanently installed on site for continuous monitoring of emissions or
measurement of peripheral parameters

Note 1 to entry: An AMS is a method which is traceable to a reference method.

Note 2 to entry: Apart from the analyser, an AMS includes facilities for taking samples (e.g. sample probe, sample
gas lines, flow meters, regulators, delivery pumps) and for sample conditioning (e.g. dust filter, water vapour
removal devjces, converters, diluters). This definition also includes testing and adjusting devices thdt are
required for fegular functional checks.

3.2
extractive AMS
AMS having|the detection unit physically separated from the gas stream by means of@sampling sylstem

3.3
in-situ AMS
AMS having|the detection unit in the gas stream or in a part of it

3.4
peripheral AMS
AMS used tq gather the data required to convert the AMS measured value to standard conditions

Note 1 to entfy: A peripheral AMS is used to measure e.g. water vapour, temperature, pressure and oxygen.

3.5
reference method
RM
measuremenht method taken as a reference by ceivention, which gives the accepted reference value of
the measurgnd

[SOURCE: EN 15259:2007]

3.6
standard re¢ference method
SRM
reference method prescribed-byEuropean or national legislation

Note 1 to ertry: Standard’reference methods are used e.g. to calibrate and validate AMS and for periodic
measurements to check compliance with limit values.

[SOURCE: EN 15259:2007]

3.7
peripheral SRM

SRM used to gather the data required to convert the SRM measured values to AMS or standard
conditions

Note 1 to entry: A peripheral SRM is used to measure e.g. water vapour, temperature, pressure and oxygen.

3.8

standard conditions

conditions to which measured values have to be standardized to verify compliance with emission limit
values

Note 1 to entry: Standard conditions are specified e.g. in EU Directives[,[2] and(3],

2 © IS0 2023 - All rights reserved
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emission limit value

ELV
limit

value related to the maximum permissible uncertainty

Note 1 to entry: For the EU Directives[] [2] and[3] it is the daily emission limit value that relates to the uncertainty

requi

3.10

rement.

maximum permissible uncertainty
uncertainty requirement on AMS measured values given by legislation or competent authorities

3.11
legig
dired

3.12
com
orga
insta

3.13
calib

linear relationship between the values of the SRM and the/AMS with the assumption o

resid

Note
2.

3.14
stan
posit
degr

Note

3.15
conf
inter]
whic

lation
tives, acts, ordinances or regulations
betent authority

llations which shall comply with the requirements of this document

ration function

ual standard deviation

1 to entry: For dust measuring AMS, a quadratic calibration function can be used as described

dard deviation
ive square root of the mean squared deviation from the arithmetic mean divided by th
bes of freedom

1 to entry: The number of degrees offreedom is the number of measurements minus 1.

jdence interval
val estimator (T;, Ty)for the parameter 6 with the statistics T; and T, as interval li
h it holds that P[Ty&<0'<T,] 2 (1-a)

hization or organizations which implement the requirements of-EU” Directives and regulate

f a constant

in EN 13284-

e number of

mits and for

[SOURCE: ISO 353441;2006]
Note [l to entry+The two-sided 95 % confidence interval of a normal distribution is illustrated in Figure 1, where:
T,=pP-4960, is the lower 95 % confidence limit;
T =B 196 ~ ictha o Q8 0 ~onfidancn lienit.
2 ot 1,790 TOCIIC O ppeT O 7 0 COTIT IO CTICCTITITITY,

I=T,-T;=2%x196 x0, isthelength of the 95 % confidence interval;

o9=1/(2x%1,96) is the standard deviation associated with a 95 % confidence int
n is the number of observed values;
is the frequency;
m is the measured value.
© IS0 2023 - All rights reserved
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Fig

In this docyment, the standard deviation o is estimated in QALZ by pdrallel measurements

the SRM. It
uncertainty;
standard, th
of the lengt}

Note 2 to ent
as half of the

convert this yncertainty to a standard deviation, the appropriate conversion factoris o =P E / 1,96.

3.16
variability
standard de

3.17
uncertaint)
parameter g
that could r¢

[SOURCE: IS

3.18
measurand
particular q

[SOURCE: IS

uantity-Subject to measurement

f [1=2x196x0
1-a=095
n — oo
I \{\
T, 0-0, ) 0+ 0, T, R

ure 1 — Illustration of the 95 % confidence interval of a normal distribution

is assumed that the requirement for o, presented in terms‘ef a maximum permig
is provided by the regulators (e.g. in some EU Directives). In the procedures of
e premise is that the maximum permissible uncertainty<s given as o itself, or as a qu
 of the full 95 % confidence interval

ry: In some EU Directives (see [1],[2],[3]) the uncertaiity of the AMS measured values is expr
length of a 95 % confidence interval as a percentage Pof the emission limit value E. Then, in or

viation of the differences of parallelimeasurements between the SRM and AMS

I
ssociated with the result\of a measurement that characterizes the dispersion of the v
pasonably be attributed'te the measurand

0/1EC Guide 98-3:2008]

0/1EC Guide 98-3:2008]

with
sible

this
rter

bssed
ler to

hlues

Note 1 to en
velocity, pres

3.19

sure or temperature.

measured component

constituent

of the waste gas for which a defined measurand is to be determined by measurement

[SOURCE: EN 15259:2007]

3.20
peripheral

parameter

A 1 b 1 : c 1 1
LIy A IIEASUTAIIU UdIT DE .8, LIIC 111455 COIICCIILN dLIUIT U 4 THIEASUTr €t CUITIPUTITIIU O UIC wdaste gaS

specified physical or chemical quantity which is needed for conversion of measured values to specified

conditions

© IS0 2023 - All rights reserved
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measured value
estimated value of the measurand derived from a measured signal

Note 1 to entry: This usually involves calculations related to the calibration process and conversion to required
quantities.

Note 2 to entry: A measured value is a short-term average. The averaging time can be e.g. 10 min, 30 min or 1 h.

3.22

instrument reading
measured signal directly provided by the AMS without using the calibration function

3.23
Zero
instr

3.24
span
instn

3.25

chan

Note

reading
ument reading on simulation of the input parameter at zero concentration

reading

insta|gbility

e in the measured signal comprised of drift and dispersion,over a stated maintenancg

1 to entry: Drift and dispersion specify the monotonic and-stochastic change with time of

signall, respectively.

3.26
drift
mon

ptonic change of the calibration function\over stated maintenance interval, which

chanjge of the measured signal

3.27
prec
close
span

3.28

ision
ness of agreement of results.obtained from the AMS for successive zero readings an
readings at defined time intervals

respponse time

time
thet
valug

Note

3.29

interval betwéen the instant of a sudden change in the value of the input quantity to
me as from which the value of the output quantity is reliably maintained above 90 % o
 of the imput quantity

1 toentry: The response time is also referred to as the 90 % time.

ument reading for a simulation of the input parameter at a fixed elevated concentratiopn

» interval

he measured

results in a

 successive

an AMS and
f the correct

maintenance interval
maximum admissible interval of time for which the performance characteristics will remain within a
predefined range without external servicing, e.g. refill, calibration, adjustment

3.30

reference material
substance or mixture of substances, with a known concentration within specified limits, or a device of
known characteristics

3.31

CUSUM chart
calculation procedure in which the amount of drift and change in precision is compared to the
corresponding uncertainty components which are obtained during QAL1

©ISO

2023 - All rights reserved
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3.32

EWMA chart
calculation procedure in which the combined amount of drift and change in precision is compared to
the corresponding uncertainty components which are obtained during QAL1

Note 1 to entry: The EWMA chart averages the data in a way that gives less and less weight to data as they are
further removed in time.

4 Symbols and abbreviated terms

4.1 Symbpols

a ifftercept of the calibration function

a best estimate of a

b slope of the calibration function

b best estimate of b

D; dlfference between SRM measured value y; and calibrated AMS measured value j,

D ayerage of D;

E emission limit value

k, tdst value for variability (based on a x2-test, with a f-value of 50 %, for N numbers of paired
measurements)

N nuumber of paired samples in parallel measurements

P percentage value

SAMS stlandard deviation of the AMS.used in QAL3

Sp sfandard deviation of the differences D, in parallel measurements

toos, N1 Vqlue of the ¢ distribution for a significance level of 95 % and a number of degrees of fre¢dom
ofN-1

Uinst uhcertainty dueé-to instability (expressed as a standard deviation)

Utemp uhcertainty due to influence of temperature (expressed as a standard deviation)

Upres uhceftainty due to influence of pressure (expressed as a standard deviation)

Uyolt uncertainty due to influence of voltage (expressed as a standard deviation)

Uyhers  any other uncertainty that may influence the zero and span reading (expressed as a standard
deviation)

X; ith measured signal obtained with the AMS at AMS measuring conditions

x average of AMS measured signals x;

Vi ith measured value obtained with the SRM

y average of the SRM measured values y;

Yis SRM measured value y; at standard conditions

6 © IS0 2023 - All rights reserved
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Vs min lowest SRM measured value at standard conditions

Vs, max highest SRM measured value at standard conditions

¥, best estimate for the "true value”, calculated from the AMS measured signal x; by means of
the calibration function

Jis best estimate for the "true value”, calculated from the AMS measured signal x; at standard
conditions

Ve o best estimate for the "true value”, calculated from the maximum value of the AMS measured
signals x; at standard conditions

Z offset (the difference between the AMS zero reading and the zero)

a significance level

& deviation between y; and the expected value

0y standard deviation associated with the uncertainty derived.from requirements ¢f legislation

4.2 | Abbreviated terms

AMS automated measuring system

AST annual surveillance test

CUSUM  cumulative sum

DAHp

ELV

EWMA exponentially weighted moving-average

QA
QAL
QAL]
QALZ
QAL]
QC

data acquisition and handling system

emission limit value

quality assurance

quality assurance level

first qualityzassurance level
second\quality assurance level
third quality assurance level

quality control

SRM

5 P

5.1

standard reference method

rinciple

General

An AMS to be used at installations shall have been proven suitable for its measuring task (parameter
and composition of the flue gas) by use of the QAL1 procedure, as specified by EN 15267-1 EN 15267-

2, EN

15267-3 and ISO 14956. Using these standards, it shall be proven that the total uncertainty of

the results obtained from the AMS meets the specification for uncertainty stated in the applicable
regulations. In QAL1 the total uncertainty required by the applicable regulation is calculated by

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=9fe81fdbfb204c535fb2beda0017953a

ISO 20181:2023(E)

summing in an appropriate manner all the relevant uncertainty components arising from the individual
performance characteristics.

In case of new installations of AMS, the AMS shall have been certified in accordance with EN 15267-1,
EN 15267-2, and EN 15267-3.

In case of AMS already installed at plants which have not been certified according to EN 15267-1,
EN 15267-2, and EN 15267-3, or AMS already installed at plants which were certified according to
EN 15267-1, EN 15267-2, and EN 15267-3 but where the ELV and the uncertainty requirement have
subsequently changed, the procedure described in H.2 may be applied. However, H.2 does not apply to
new installations of old AMS which have not been certified according to EN 15267-1, EN 15267-2 and

EN 15267-3.

NOTE1 SH
uncertainty (

NOTE2 E]
performance
regulations t
the AMS to p

The QAL2 a
plant operat

QALZisapr
variability d
given by leg]
and commi
measureme

values obtained with the AMS is then evaluated against fhe maximum permissible uncertainty.

The QAL2 p
of the AMS (

QAL3 is a p1
is in control
uncertainty;
used in the

the results ¢btained using contrgl'charts. Zero and span adjustments or maintenance of the AMS

be necessar

The AST is

obtained frq
It also deter
The validity]
tests as wel

M measurements, influences by peripheral parameters and the sampling site can contribute {
fthe AMS measured values determined in QALZ2.

N 15267-3 requires that the total uncertainty of the AMS measured values detérmined i
test should be at least 25 % below the maximum permissible uncertainty specified e.g. in appl
p provide a sufficient margin for the uncertainty contributions from the individual installat
hss QAL2 and QAL3 successfully.

hd AST procedures involve testing laboratories, whereas the QAL3 procedures involv]
ors.

pcedure for the determination of the calibration functionand its variability, and a test ¢
f the measured values of the AMS compared with thesmaximum permissible uncert
islation. The QAL2 tests are performed on suitable, AMS that have been correctly inst]
bsioned. A calibration function is established from the results of a number of pa
ts performed with the standard reference method (SRM). The variability of the meag

Focedures are repeated periodically, after a major change of plant operation, after a fg
r as required by legislation.

‘ocedure which is used to check.drift and precision in order to demonstrate that the
during its operation so thattit continues to function within the required specificatior]
This is achieved by conducting periodic zero and span checks on the AMS - based on {
procedure for zero and(span repeatability tests carried out in QAL1 - and then evalu

y depending on thefresults of this evaluation.

a procedure which is used to evaluate whether the uncertainty of the measured v
m the AMS.still meet the uncertainty criteria - as demonstrated in the previous QALZ
mines whéether the calibration function obtained during the previous QAL2 test is still
of the'measured values obtained with the AMS is checked by means of a series of funct
asy‘the performance of a limited number of parallel measurements using an approp

SRM.

o the

h the
cable
on of

e the

fthe
ninty
alled
rallel
ured

ilure

AMS
s for
hose
pating
may

hlues
test.
ralid.
ional
riate

NOTE 3

There are several concentration ranges relevant to the application of this document:

certification range

This is the range over which the AMS has been certified. It is generally recommended that this range be related to
the ELV given in relevant EU Directives of the processes under which the AMS will be used. EN 15267-3 requires
that the certification range be no greater than 1,5 times the daily ELV for waste incineration plants and 2,5 times
the daily ELV for large combustion plants. Where there is a choice, the daily ELV is used.

— calibration range
This is the range over which the AMS has been calibrated under the QAL2 procedure.

measuring range

© IS0 2023 - All rights reserved
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This is the range at which the AMS is set to operate during use. There are usually requirements from national
competent authorities that the range encompasses the maximum short-term ELV. The measuring range can be
greater than the certification range.

5.2

Limitations

Figure 2 illustrates the components of the AMS covered by this document.

Stack

Fi

NOT]H
and h

NOTH
perfo
ared
quali

Whe
from
spec
orga
form
qualj

5.3
The

LImMIt o1 the ANMS

Data acquisition
and handlingsystem

AMS

pure 2 — Limits for the QA of the AMS excluding the data acquisition and handlin

1  The influence of the uncertainty of the medsurement results, which arise from the daf

2 The performance of the data acquisition and handling system (DAHS) can be as influenti
rmance in determining the quality of theresults obtained from the whole measuring system/p
fferent requirements for data colleetion, recording and presentation in different countries. A
Ly assurance of DAHS is currently under preparation.

h conducting parallel meastirements, the measured signals from the AMS shall be ta
the AMS (e.g. expresséd-as analogue or digital signal) during the QALZ and AST
fied in this standard; by using an independent data collection system provi
hization(s) carrying-out the QAL2 and AST tests. All data shall be recorded in their
(without corrections e.g. for temperature and oxygen). A plant data collection system v
ty control can‘alternatively be used to collect the measured signal from the AMS.

Measurement site and installation

g system

a acquisition

andling system of the AMS or of the plant systémyand its determination, are not covered by thiis standard.

al as the AMS
rocess. There
document on

ken directly
procedures
ded by the
lincorrected
yith ongoing

AMS. shall be installed in accordance with the requirements of the relevant Euro

inter

pe

national standards. Special attention shall be given to ensure that the AMS is readily accessible for

an and/or

regular maintenance and other necessary activities.

The AMS should be positioned as far as practical in a position where it measures a sample that
is representative of the stack gas composition. EN 15259 describes a procedure to identify the best
sampling location for the AMS, in order to provide representative measurements. It also defines the
optimum location for undertaking parallel SRM measurements for the QALZ2.

All measurements shall be carried out on a suitable AMS and peripheral AMS installed within an
appropriate working environment.

The working platform used to access the AMS and the working platform used to perform the SRM
measurements shall be in accordance with the requirements of EN 15259. The sampling ports for
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measurements with the SRM shall be placed in such a location to avoid mutual interference between
SRM and AMS in order to achieve comparable measurements between AMS and SRM.

NOTE Lack in the fulfilment of these conditions can result in higher measurement uncertainties, potentially
resulting in nonconformity with the requirements given by EU Directives.

It is necessary to have good access to the AMS to enable inspections to take place and also to minimize
the time taken to implement the quality assurance procedures of this standard. A clean, well-ventilated
and well-lit working space around the AMS is required to enable the staff to perform this work
effectively. Suitable protection is required for the personnel and the equipment, if the working platform
is exposed to the weather.

5.4 Testing laboratories performing SRM measurements

The testing [laboratories performing the measurements with the SRM shall be accredited for thig task
according tq ISO/IEC 17025, or shall be approved directly by the relevant competent authority.

NOTE CEN/TS 15675 provides clarification and additional information on the applicdtion of ISO/IEC 17025
to periodic measurements used e.g. for the calibration of AMS.

6 Calibration and validation of the AMS (QAL2)

6.1 General

QALZ2 covers the following items:

— functionpal test of the AMS including check of correct installation;

— parallellmeasurements with the SRM;

— data evqluation;

— determijnation of the calibration function of the AMS and its range of validity;
— calculatiion of variability of the AMS measured values;

— test of variability of the AMS méastured values;

— reporting.

The sequenge of the combified tests is shown in Figure 3.
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Functional test see 6.2

l

Parallel measurements
with an SRM

l

Data evaluation see 6.4

l

Calibration function of the
AMS and its range of validity

l

Calculation
of variability

l

Test
of variability

l

Reporting see 6.8

see 6.3

see 6.5

see 6.6

see 6.7

Figure 3 — Flow diagram for the calibration and variability tests

A QAL2 procedure shall be performed for all measurands:

— 4t least every 5 years for every AMS or more frequently if so required by legislatign or by the
¢ompetent authority;

Furthermore, a QAL2 shall be performed for all the measurands influenced by:
— 3ny major changéin plant operation (e.g. change in flue gas abatement system or change of fuel), or
— any major changes or repairs to the AMS, which will influence the results obtained significantly.

The fesults 0f QAL2 shall be implemented within six months after the changes. During the pgriod before
a neyw calibration function has been established the previous calibration function (where necessary
with|extrapolation) shall be used.

NOTE In some EU member countries the local authorities allow in individual cases the continued use
of the previous calibration function if it can be proven by use of a specified statistical procedure that the new
calibration function does not significantly differ from the previous one.

Examples of calculation of the calibration function and of the variability test are given in Annex E.

6.2 Functional test
The requirements for installation and the measurement site as specified in 5.3 shall be fulfilled.

Before calibration (see 6.3 and 6.5) and the test for variability (see 6.6 and 6.7) are performed, it shall
be proven that the AMS is commissioned satisfactorily, e.g. as specified by the AMS supplier and/or
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manufacturer. It shall also be shown and documented that the AMS gives a zero reading on a zero
concentration.

NOTE For some AMS it is difficult to achieve a zero reading. In those situations, the AMS can be removed
from the stack, and zeroed using a test bench or similar. As an alternative, a measuring path, which enables this
zero test to be carried out, can be installed in the stack.

The functional test before calibration shall be performed according to Annex A. It is recommended to
perform the functional test not more than one month before parallel measurements are started. The
functional test shall be performed by an experienced testing laboratory, which has been recognized by

the competent authority.
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precautions to be taken should depend on the individual location. Special attentions}
particulate measurements.

MS and SRM measured values are converted to standard conditions by indépend
data sets of the peripheral parameters, the uncertainties in the peripheral param
ed to the AMS of the air pollutant in the variability test. Therefore, it-is recommend
relevant steps of the functional test specified in Annex A for measuring systems d
arameters to minimize uncertainties caused by the peripheral parameters.

surements shall be performed with the AMS and SRM inf@rder to calibrate and validaf]
of an independent method.

cient to use reference materials alone to obtain the galibration functions and this is ther
bd. This is because these reference materials dovhot replicate sufficiently the matrix
nnot be used to establish that the sampling-point(s) of the AMS are representative
used with the sampling system in all cases: However, if there are limited variations i
ined in the AMS/SRM tests, and the méasured concentrations are well below the EL
n of the calibration function to the ELLY may be verified by the use of appropriate refet

1king into account the effects of interfering substances on the AMS, where appropriate|

1ould

ently
pters
bd to
f the

e the

bfore
btack
and
h the
V, an
ence

Histinct operating modes of the plant process are part of its normal operation (for example

uel), additional calibrationstshall be performed and a calibration function establishe
onal mode.

can be possible to establish one calibration function fulfilling the variability requirements
hge of conditions within which the plant operates.

ensure thathe/calibration function is valid for the range of conditions within whic

operations’ of the plant. This shall ensure that the calibration of the AMS is valid ov]
e as possible, and also that it covers most operational situations.

d for

that

h the
ithin
er as

when

reful measurement planning can identify the optimum time for the parallel measurements,

the emissions are at their highest or most varied.

The test for variability shall be performed (see 6.7) for each calibration function, i.e. for each operating

mode of the

plant.

The SRM shall be used to sample the emissions at a sampling plane in the duct, which fulfils the
requirements of EN 15259, and is as close as possible to the AMS.

The presence of the SRM equipment shall not influence or disturb the AMS measurements and vice

versa.

NOTE 3

Although EN 15259 allows simplified sampling of gaseous components in cases of homogeneous flue

gas or negligible concentration variations, grid measurements can improve the quality of the calibration curve.
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For each calibration a minimum of 15 valid parallel measurements shall be made with the plant
operating normally. These measurements shall be uniformly spread both over at least three days and
over each of the measuring days of normally 8 h to 10 h (e.g. not five measurements in the morning and
none in the afternoon) and be performed within a period of four weeks.

NOTE4  The required spread of a minimum of 15 valid measurements over three days is essential in
minimizing the effect of influences of the subsequent measurement results (i.e. to avoid auto-correlation between
the calculated differences in the results of the AMS and SRM). The alternative of performing more measurements
within a shorter time interval can lead to the establishment of an invalid calibration function.

NOTES5 A minimum of 15 valid measurements can in practice require that more than 15 samples be taken,
since some samples may be deemed to be invalid during subsequent analysis because of inadequate quality.

NOTH
not irf

6  The requirement that the measurements need to be uniformly spread over at least)thilee days does

hply that the measurements need to be performed within three consecutive days.

med instead
of the AMS
P maximum

If thd
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QAL2 is not the first QAL2 being carried out on the AMS, then an AST may)be perfor
DALZ provided that the SRM measured values obtained in the AST andcatleast 95 %
ured values at standard conditions obtained since the last AST are/ess than th

lissible uncertainty specified e.g. in the relevant EU Directive.
A setlof measurements is valid when all of the requirements below are fulfilled:
the SRM measurements are performed according to the aceepted standard;

the time period of each AMS measured signal is largersthan 90 % of the averaging timje (excluding

q

q

Duri
pair
perid

The 1
the 1

3ll of the measured signals which are above 100 % or®elow 0 % of the measuring rangg

malfunctioning of the AMS).

ignals obtained during internal checks (auto calibration), and signals obtained duriy

hg the parallel measurements with the AMS‘and SRM, each result is considered as a m
(one AMS measured signal and one SRM measured value) and these shall cover thg
d.

ampling time for each of the parallel measurements shall be at least 30 min, or at leas
esponse time of the AMS, including the sampling system (as determined during the re

of the AMS,
1g any other

easurement
P same time

t four times
sponse time

time should
ding system

meagurements carried out during‘QAL1), whichever is the greater. In general the sampling
equal the shortest averaging-time, which is required by the ELV specification. The recor
shalllhave an averaging time significantly shorter than the response time of the AMS.

NOTH
exten]

7  If the emissions’are at low levels the SRM measured values can be improved for manual SRM by
ding the sampling time.

The t{ime interval-between the start of each sample shall be at least 1 h.

The 1
the 2

and
AMS

neasured by
on function
|rrections to

esultssobtained from the SRM shall be expressed under the same conditions as those 1
LM S{(€.g. conditions of pressure, temperature, etc.). In order to establish the calibrat
berform the variability test all additional parameters and values included in the co
conditions and standard conditions shall be obtained for each measurement pair.

EXAMPLE If the AMS measures gaseous HCl in units of mg/m3 in stack gas containing water vapour, then
the SRM measured values are expressed in the same units (e.g. mg/m3 in the stack gas with the same water
vapour concentration).

In order to fulfil the requirement that the calibration of the AMS is valid over as large a range as
possible, and that it covers most operational situations, parallel measurements over three days are
required. However, this requires several manual SRM measurements of the water vapour concentration.
If calibrated AMS measured values for water vapour are available, these may be used to convert the
SRM data to dry or wet basis. When wet abatement techniques are used, the exhaust gas is saturated
and therefore the water vapour concentration is often nearly constant. In such cases an extended
measurement of the water vapour concentration is of little purpose. In those situations, conversion of
SRM data to dry or wet basis may be carried out using calculated water vapour values.
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6.4 Data evaluation

6.4.1 Preparation of data

The steps for providing data required for establishing the calibration function and performing the test
of variability are illustrated in Figure 4.

SRM AMS
Conversion to Eventually, conversion
AMS mgasuring & ® @ betweenmumits
conditipns (e.s. mA to mg/m?)
Calculation
Yi [— of the -~ X;

calibration function
Calculatien of calibrated
® values;-using the
calibration function

Vi
Converlsion to Conversion to
sta_ndas ig]\/([:ondl'tlons @ @ standard conditions
using equipment ©) using plant equipment
Test of .,
Vis variability Vis
Selectipn of calibration Definition of valid
F;%?Zg‘ure a), b) or c) © calibration range
(ys,min;ys,maX) ( 0;11 J?s,max)
or (0;0,2E)

The figure in the circles indicates.the sequence of the steps.

Figure 4|— Flow chatrt.describing the steps in calibration procedure and test for variability

The AMS shall be calibrated at the condition of the flue gas as measured by the AMS. Therefore, the]SRM
measured vialués Shall be converted to AMS measuring conditions, if necessary, giving SRM meagured
values y; to béexpressed in concentration units (e.g. mg/m3).

The measured signals from the AMS x; can be either a signal in an electrical unit (e.g. mA or Volt) orin a
concentration unit (e.g. mg/m3).

NOTE For in-situ AMS, that measure the gas directly, the calibration function is reported at the operating
conditions. For extractive AMS measuring at specified conditions, the calibration function is reported at these
specified conditions.

The data sets obtained in the parallel measurements shall be checked for possible outliers. The method
used to assess outliers and reasons for excluding outliers shall be given in the QAL2 report. Outliers
shall be reported and identified in the calibration data tables and diagrams.

This standard requires atleast 15 valid data points for a QALZ2 calibration function. If points are excluded
e.g. through the use of outlier tests, this requirement can be failed. It is therefore recommended that
additional data points be taken, to allow for the exclusion of outliers. If this is not done the QAL2 can be
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invalid. All data points shall be used to form the calibration function, unless excluded through the use
of outlier tests or have been shown to be invalid.

6.4.

2 Selection of data points from automated SRM

In the case of data sets produced from an automated SRM, which may produce a high number of data
points, any selection of points shall be justified and documented.

6.4.

3 Establishing the calibration function

It is presupposed in the standard that the calibration function is linear and has a constant residual

stan

whel|

The

calib,
As sf
oper
num
conc
than
clust

NOTH
valud
valug

If thd
a) re
may

The

lard deviation. The calibration function shall be described by the model below (see IS(

is the ith AMS measured signal; i = 1 to N; N > 15;

is the ith SRM measured value;i=1to N; N = 15;

is the deviation between y; and the expected value;
is the intercept of the calibration function;

is the slope of the calibration function.

oeneral procedure requires a sufficient range of the measured concentrations to

ration of the AMS for the complete range of.concentrations encountered during norma
ated in 6.3 it is essential that the congentration range is as large as possible within
htion of the plant to allow for a valid “calibration function to be obtained. Howeve
ber of plants, it can be difficult under normal operating conditions to achieve a suffi
bntration range. In such cases, in_which the concentration range (measured with the
the maximum permissible uncertainty, other (similar) procedures are given below fi
ers (procedure b) and fortow'level clusters (procedure c).

1 In some EU Directives (see [1], [2], [3]) the maximum permissible uncertainty of the A
s is expressed as half of'the length of a 95 % confidence interval as a percentage P of the e
E. In this case the-maXimum permissible uncertainty corresponds to an expanded uncertaint

concentratighrange is slightly bigger than the maximum permissible uncertainty, and
Sults in an inadequate calibration function (e.g. a function with negative slope), proce
be usedinstead. The justification shall be given in the QAL2 report.

following quantities shall be calculated:

11095):
(1)

give a valid
operations.
the normal
I, at a large
Fiently large
SRM) is less
br high level

MS measured
mission limit
.

if procedure
Hure b) or c)

(2)

3

The difference (Vg max —YVsmin) between the highest and lowest measured SRM concentration at

standard conditions shall be calculated.

a)

If (¥smax —Vs,min) 1S greater than or equal to the maximum permissible uncertainty, the

parameters of the calibration function shall be calculated according to Formula (4) and Formula (5):
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b)

b= 4)

1
a=y-bx (5)

If (Vs max —Vs,min) iS smaller than the maximum permissible uncertainty and yg .;, is greater

than or cqudl to— 1595 of thre EEVthe paranteters ofthecatibratiomr furnctiorshatt-becatcojated
according to Formula (6) and Formula (7):

P
b:—— 6
X4z ©)

a=-bjZ (7)

where the offset Z is the difference between the AMS zero reading and zéro.
NOTE 2| For several AMS the offset is 4 mA.

For profedure b) it is essential that, prior to the parallel measurements, it is proven that the|]AMS
gives a reading at or below detection limit (as demonstrated-in QAL1) at a zero concentration (as
stated ih 6.2).

If (¥s max —Ysmin) is smaller than the maximum pérmissible uncertainty and y; ., is snfaller
than 15|% of the ELV, the parameters of the calibration function shall be determined as followk:

If apprdpriate reference materials at zero and close to the ELV are available, these shall be [used
to obtain two data pairs (AMS measured.signal and reference value) one at zero and one clogse to
the ELV| The data pairs shall be converted to AMS measuring conditions by use of the average of
the AM}P measuring conditions in the parallel measurements with the SRM. A combined datfa set
consisting of the results of the parallel measurements and of the data pairs obtained by use qf the
referen¢e materials shall be formed. The combined data set shall be used to calculate the quantities
according to Formula (2) andyFormula (3) as well as the parameters of the calibration fungtion
according to Formula (4) and Formula (5).

NOTE 3| Ifappropriate data pairs are available from the functional test they can be used.

If approjpriate reference materials at zero and close to ELV are not available, alternative procedures
for the festablishment of calibration function can be used, subject to approval by the compgtent
authority. The~procedure applied shall be agreed by both the plant operator and the compgtent
authorityand be completely documented in the QAL2 report.

The results shall be plotted on an x-y graph in order to show explicitly the calibration function and the
valid calibration range.

6.5 Calibration function of the AMS and its validity

The calibration function is given by Formula (8):

16

yi:d+13xi (8)
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where
y; is the calibrated AMS measured value;
X is the AMS measured signal.

Each AMS measured signal x shall be converted to a calibrated value y by means of the above
calibration function.

It is recommended that this calibration function is incorporated into the data processing system of the
plant.

LU Directives

comparisons
he calibrated

NOTH V is the calibrated measurement result obtained from the AMS. According to certairl

(see [[11,[2],[3]) the maximum permissible uncertainty should be subtracted from that result-before
are made with the emission limit value. That procedure is outside the scope of this standard. T

resulf y of the AMS is without subtraction of the maximum permissible uncertainty.
The talibration function is valid when the plant is operated within the valid calibration|range. This
valid calibration range is either the calibration range from zero to the. maximum value y - of the

calibrated AMS measured values at standard conditions, determined during the QAL2 procedure, plus

an extension of 10 % of y. ., or to 20 % of ELV, whichever is greater.

For measurements outside the valid calibration range, however, the calibration curjve shall be
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If gr
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to EJ
the |
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If the plant is not operated continuously then the percentage values may be calculated f;

168

polated in order to determine the concentration values;which exceed the valid calibr3

pater confidence in the performance of the AMS@t ELV is required when the plant

V shall be used, where available, as part of the'calibration procedure to confirm the 5
near extrapolation. In this case, calculate the deviation between the calibrated med
e AMS at zero and ELV and the corresponding SRM measured values. The deviation af
ss than the maximum permissible uncertainty specified by legislation. The devia
Id be less than 10 % of the ELV. If these criteria are not fulfilled then further investigat
rmed to establish the reasons faor this.

validity of the valid calibration range shall be evaluated by the plant owner on a ¥
day to Sunday). A full mew calibration (QAL2) shall be performed, reported and i
n 6 months, if any of the-following conditions occur:

more than 5 % of the-number of AMS measured values calculated over this weekly perig
tandardized calibrated values) are outside the valid calibration range for more than 5
eriod betweentwo AST;

q

ore than 40 % of the number of AMS measured values calculated over this weekly p¢
n stapndardized calibrated values) are outside the valid calibration range for one or m

tion range.

is emitting
[ration close
uitability of
sured value

ELV should
tion at zero
ons shall be

beekly basis
mplemented

d (based on
veeks in the

triod (based
bre weeks.

rom the last

operational hours (representing one week in operation).

If exceedances of the valid calibration range are caused by plant failures, a full new calibration (QAL2)
is not needed after fixing the plant failure.

If the best estimate of the true value y, . is outside the valid calibration range but below 50 % of ELV,

then the competent authority can allow the plant to perform an AST instead of the QALZ2. If the AST
demonstrates that the existing calibration function is valid beyond the existing valid calibration range,
the competent authority can allow the plant to extend the valid calibration range up to the maximum
measured concentration determined during the AST plus an extension of 10 % of this value, but the
valid calibration range shall not exceed 50 % of ELV.

The existing calibration function shall be used until the new calibration function has been implemented.
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Data from previous calibrations shall not be combined with data from a new calibration exercise when
calculating the calibration function.

Only calibrated values should be used when reporting to the authorities.

6.6 Calculation of variability

Identify the stated maximum permissible uncertainty for the AMS measured values. Verify the
exact definition of this uncertainty (e.g. is it expressed as a 95 % confidence interval, an expanded
uncertainty, a standard deviation, or any other statistical formulation). If necessary, convert the

maximum p

In the case |

ermissible uncertainty in terms of an absolute standard deviation o,

Vhere the expanded uncertainty is expressed at a level of confidence of 95 %, the value

absolute standard deviation shall be determined by using a factor of 1,96 as the value for the covg

factor.
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Then, in order to convert this uncertainty to a standard deviation, the appropriate conve

=P E/1,96.
ity test shall be based on the results of the parallel measurements and shall not in

unction.

ity test shall be performed on the measured valueskfcalibrated values) of the AMS. H
rallel measurement the AMS measured value y-shall be calculated using the calibr

e 6.5).

‘equirements on the data quality are spetified under standard conditions (as e.g. i
Directivesl1l,[2] and [3]), the variability:fest shall be performed using concentrations
ions.

asured values should be standardized by use of the calibrated measured values g
MS for oxygen and water vapour. These peripheral AMS can be calibrated by use of the|
d in the parallel measurements according to 6.3. The calibration function of the perip
established in line with(6.43.

hce the AMS and SRM,-measured values are converted to standard conditions by independ
ata sets of the periphéral parameters, the uncertainties in the peripheral parameters are attri
the air pollutantin'the variability test.

lating the. variability, the peripheral parameters (e.g. water vapour content, tempery
concentration) used to standardize the measurements shall be taken from:

instrumentation for standardizing the SRM measured values;

of an
brage

AMS
ssion
rsion

rlude

ed by use of reference materials or alternative procedures.for the determination of the

ence,
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data
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b) the plantinstrumentation for standardizing the AMS measured values, or in case these do not exist,
the default values used by the plant.

NOTE 2
plant’sdatar

ecording and processing system is included in the variability test.

Examples of Formulae for the conversion of values are given in Annex E.

The purpose of this procedure is to ensure that the standardization procedure carried out in the

If the AMS fails the variability test due to error arising from measurements in the peripheral
parameters obtained from the plant instrumentation, it is permissible to repeat the variability test
using the parameters obtained by the test laboratory from their peripheral SRM. This is only permitted
if measures are taken to correct the faulty plant instrumentation.
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For each data set (minimum 15 pairs) for a given calibration function, the following parameters shall be
calculated, where y; ¢ is the SRM measured value at standard conditions and j}i,s the calibrated AMS
measured value (the best estimate for the "true value”), calculated from the AMS measured signal x; at
standard conditions:

D=y 5= Vi 9)
ﬁzlio. (10)
N~
1 <o, =2
=71 Z(D,.— ) (11)
i=1
6.7 | Test of variability
The AMS passes the variability test when:
ip <og ky (12)

Valugs for k, which shall be applied for different number of parallel measurements are givep in Annex I.
NOTE1 The k, values are the test values from a x2-test, witha/B-value of 50 %.

NOTH 2  The variability obtained includes uncertainty»components associated with the repedatabilities of
both the AMS and the SRM, but not the overall uncertainty of the SRM (therefore an imprecise implementation
of thg SRM can result in an apparent poorer vatiability of the AMS and could result in its fglse rejection
durinlg the variability test). The procedure for.determination of variability is not in accordan¢e with GUM
(ISOALEC Guide 98-3).

NOTE 3  This method implies that the guality of the application of the SRM will influence the resylt of the test.
It willl be noted, however, that it is the result, which determines a pass or failure and that in some ¢ases a better
applifation of the SRM could change the‘result from fail to pass.

The easured values of the AMS may be used to demonstrate compliance with the emission limit value
only fif the AMS has passegd-the variability test.

Whep the AMS passes the variability test, for compliance with legislation, the AMS then cqmplies with
the yncertainty requirement at the emission limit value, since the variability is deemed|as constant
throgighout the range.

6.8 | QALZreport

The QAL2 report shall contain at least the following information:

a) adescription of the plant and its sampling location(s);

b) a description of the operating condition of the plant, and the fuel(s) used at the plant during the
tests;

c) the names of the testing laboratory and of the personnel conducting the tests;

d) details of the ISO/IEC 17025 accreditation of the testing laboratory, or details of approval by the
relevant competent authority;

e) a description of the AMS used - including the measurands covered, its principle, type, operating
range, and its location;
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f) a description of the SRM used: its principle, type, operating range, repeatability and/or
measurement uncertainty, and its EN or ISO reference number where appropriate;

g) dates and times of the parallel measurements;

h) detailed data of all the measured values obtained from the AMS and the SRM, averaged over
relevant periods;

i) method used to assess outliers and reasons for excluding outliers;

j)  the calibration function and the valid calibration range including the procedure for the
determination of the calibration function and all data used for calculating the calibration function
and per‘[orming the variability test;

k) the x-y plot of parallel measurements, including the valid calibration range;

1) any devjiation from the procedures described in this document, and their possible ififluence op the
results pbtained presented;

m) the resylts of the last functional test (see Annex A).

7 Ongoing quality assurance during operation (QAL3)

7.1 Genefal

AMS can drift or become less precise during routine operation.Drift can be due to, for example, chgnges
in the AMS,|such as contamination of an optical surface, gradual failure of a component or blogkage
in a filter. Stich changes can cause systematic deviations_in the AMS data. On the other hand, AMF are
also subject|to short-term variations due to influence fdctors such as changes in ambient tempergture.
These variafions can cause random deviations. The magnitude of the random deviations is assg¢ssed
during the gertification process of the AMS (QAL1):

After the acceptance and calibration of the>AMS, further quality assurance and quality control
procedures ghall be followed so as to ensurethat the measured values obtained with the AMS megt the
maximum permissible uncertainty on a«c@ntinuous basis (also described as ongoing quality control). The
implementafion and performance of the)QAL3 procedures given in this standard are the responsibiljty of
the plant owner (i.e. the owner of the AMS). It is also the responsibility of the plant owner to ensurg that
the AMS is gperating inside the-valid calibration range (see 6.5). The procedures shall be implemgnted
and be in place at the same time-that the collection of emission data by means of the AMS is mandatory
for reporting to the authorities. It is recommended, however, that these procedures commence as|soon
as possible after the installation of the AMS in order to gain as much information on the performarjce of
the AMS as possible. This may begin before the AMS has to be calibrated with the SRM in order to [fulfil
the QALZ2 prjoceduréréquirements.

A special casemay be applied if the plant is operatmg two independent parallel AMS, measurlnrI the
DAHS
of the plant, a situation commonly known as a hot spare. In this case if the measurement quality is
monitored by an online continuous monitoring of the difference between the output of the two AMS,
giving alarm if the difference between the two independent AMS measured values exceeds 5 % of the
short-term ELV for more than five consecutive measurements, then the intervals for QAL3 procedures
may be extended to one year. If, for whatever reason, the redundant AMS is not working for more
than half of the maintenance period of the AMS in question, a QAL3 procedure shall be implemented
again immediately after this point in time. In order to control the entire sampling system the two
independent AMS should have separate extraction systems and separate zero and span gas supplies for
automatic control cycles. It is also recommended that they use separate instruments for monitoring of
all peripheral parameters.
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7.2 Procedures to maintain ongoing quality

The aim of the procedure is to maintain and demonstrate the quality of the AMS, so that requirement
for the stated zero and span repeatability and drift values are met during ongoing operation and the
AMS is maintained in the same operational condition as when installed and calibrated in QAL2. This
shall be achieved by confirming that the drift and precision determined during the QAL1 remain under
control. A suitable methodology shall either:

a) determine the combined drift and precision of the AMS, or
b)

Both
nece

separately determine the drift and precision.

procedures shall identify when an adjustment or maintenance (e.g. by the manufacturer) is

Esary.

0 and span)
needed.

These operations shall be achieved by the use of control charts which plot the drifts (zer
against the time. In both procedures reference materials of known quantity and guality arg

In ca
contl
allo

In ca|
detel
Zero

Cont
freq
duri
in th
only

Ther]

!

se a), the combined drift and precision obtained in the field shall be compared agair
rol limits. This method (e.g. Shewhart control chart) is simple, but-does not have th
ing the AMS to be externally adjusted when it is demonstrated to‘be out of control.

e b), a more sophisticated method (e.g. CUSUM control chart} shall be used, which allg
'mination of drift and precision and gives more flexibility'by determining if and by hd
and span of the AMS need to be externally adjusted.

ol charts require regular and ideally frequent measurements at zero and span points.
ency of the QAL3 is at least once within the period of the maintenance interval, whig
g the certification process of the AMS in accordance with EN 15267-3. Control charts
e zero and span point measurements and cafthelp the operator by making adjustment
when required.

efore, QAL3 requires plant operatorsite have a procedure which describes the require

q

7.3

Any
drift
or le

easuring zero and span values,
lotting these values by use.of control charts, and

sing the control charts te’determine whether there are systematic deviations, whethe|

st specified
e benefit of

Wws separate
w much the

The needed
h is defined
show trends
5 to the AMS

ments for

the random

eviations become toolarge, and to ignore the random deviations if they lie between deflined control

hart limits.

Choosing ¢ontrol charts

[ype ofihanual or automated control chart, which allows separate or combined dete}
and precision may be used. Different control charts have different advantages and
sS-complicated to use, depending on the type of control chart chosen. Three examplg

mination of
ran be more
ks of control

char

(s (Dhewhart, EMWA and CUSUM J are described 1n Annex C.

An alternative to an external control chart is to use AMS built-in procedures. AMS may include internal
checks for zero and span points, which can be used to compensate for drift and to warn for instrument
problems. Certain internal checks are referred to as zero and span checks. If these internal zero and
span checks are certified in a QAL1 test report according to EN 15267-3 as QAL3 compliant, they may be
used for QAL3 purpose and are no longer treated as an integral part of the AMS only.

In order to fulfil the QAL3 requirements, the data from the zero and span checks shall be available to
the operator. Alarms to the operator have to be output when the control chart limits are exceeded.
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To carry out zero and span checks internally in the AMS, the AMS has to be able to record both positive
and negative values and record zero and span data for a time period longer than one year to enable
auditing of the data during the periodic check of the AST or during a new QALZ2.

NOTE In order to ensure appropriate measurements, some AMS perform automatic checks with or without
automatic adjustments at a very high frequency, e.g. every 2 h. These automatic checks and/or adjustments are
integral parts of the AMS. They are not QAL3 substitutes.

The plant quality management system shall include a description how to respond to exceeding of
control chart limits. If the control chart limit is exceeded, the AMS is regarded as out of order and shall
be rectified.

7.4 Control chart limits
7.4.1 General
The control|chart limits may be determined by use of performance data of the AMSyobtained diyiring
QAL1, or mdy be determined on the basis of the maximum permissible uncertainty specified e.g. jn EU
Directives.
7.4.2 Calc¢ulation of control chart limits using performance data
Determinatjon of the control chart limits by use of performance data<fthe AMS requires the calculption
of the standard deviation s, which includes the influence factors.likely to have the most signifficant
influence on zero and span results.
This approagch requires the following:
— understfanding of the main influence factors which{can cause random variations in zero and [span

readingf;
— performance data for the AMS for each of thetinfluence factors in the calculation.
The performance data are typically availablefrom test reports for AMS tested according to EN 15267-3,
or from test{reports for performance testing schemes which preceded EN 15267-3.
While this ¢alculation uses performance data derived from QAL1, plant operators shall considefr the
actual conditions at the plant. Forexample, testing to EN 15267-3 for QAL1 tests the influence of ampient
temperatur¢ on the AMS over(defined ranges such as 5 °C to 40 °C. However, if the AMS is kept in a
climate-confrolled enclosuréwhere the temperature varies from 18 °C to 23 °C, then the operatorfuses
a temperatyre variation,@f.5 °C in the calculation of s,ys. If any of the influences are time-dependent,
this shall bg taken inta-aecount. For example, if the instability is given as a percentage value * p per g
days, then glequals the)time between two readings for the control charts.
The standand deviation s, s shall be calculated according to Formula (13):

[

SAMS = \/uiLnst + utLemp + u:'olt + u[L)res + uéthers (13)
where

Uinst is the uncertainty from instability;

Utemp is the uncertainty relating from variations in ambient temperature;

Uyolt is the uncertainty relating from variations in voltage;

Upres is the uncertainty relating from variations in ambient pressure;
22 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=9fe81fdbfb204c535fb2beda0017953a

ISO 20181:2023(E)

Uythers is any other uncertainty that may influence the reading on zero and span reference ma-
terial (e.g. dilution).
NOTE saMms is expressed as a standard deviation; therefore all above uncertainties are expressed as standard

deviations. E.g. if the uncertainties are given as values at 95 % confidence it is divided by the coverage factor
(ks = 2), for the correct calculation of s,

A calculation of s, 5 is an uncertainty calculation and therefore an estimate. Over time, a plant operator
could find that the value of s,y is set too high or too low, and therefore needs optimizing. Therefore,

setting control chart limits is an iterative process.
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hse of Shewhart control charts which determine the combined drift and Aneci
+ 2 spms shall be used to establish the alarm limits. In addition, warning limits‘may be

e of £ s, to provide early information on necessary adjustment or maintenance of th

ke of more sophisticated methods (e.g. EWMA or CUSUM) the control chartlimits shall j
e of the specific control chart parameters and s,);s. The control chart parameters shg
sure early information on necessary adjustment or maintenance of‘the AMS.

Calculation of control chart limits using the maximuny permissible uncertainty

'mination of the control chartlimits on the basis of the' maximum permissible uncertaif
n EU Directives.

e of Shewhart control charts which determigethe combined drift and precision of the
e maximum permissible uncertainty shallbe used to establish the alarm limits of the ¢
dition, warning limits may be establishéd e.g. at + 25 % of the maximum permissible
ovide early information on necessarytadjustment or maintenance of the AMS.

e of more sophisticated methods (e.g. EWMA or CUSUM) the control chartlimits shall j
be of the specific control chart.parameters and 50 % of the maximum permissible
control chart parameters shall be chosen to ensure early information on necessary ad
tenance of the AMS.

It can be necessary to convert the maximum permissible uncertainty to AMS measuring
Zero and span measurements

General

requires the AMS to have a means to perform zero and span measurements. Negative
corded as such and not forced to zero.

nin Annex F.

sion of the
established
e AMS.

e calculated
11 be chosen

y

complicated

ceveral assumptions have to be made. Therefore, a simpler and more pragmatic approach is a

ity specified

AMS, + 50 %
bntrol chart.
uncertainty

e calculated
uncertainty.
justment or

conditions.

values shall

Some AMS use reference materials other than test gases. In this case, the reference material and
the QAL3 procedure developed by the AMS manufacturer may be used, provided they are validated
according to EN 15267-3 during the QAL1 certification process.

NOTE

In the case of test gases, there can be a change in the expected concentration value when

the reference

gas cylinder is changed. This can require the establishment of a new QAL3 base-line following adjustment of the
AMS to account for previous drift and checking of the gas quality.

7.5.2 Frequency of zero and span measurements

Operators have to plot zero and span data using control charts. The application of control charts
requires regular and ideally frequent zero and span measurements. The maintenance interval defined
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during the performance testing of the AMS shall be used as the minimum frequency of zero and span
checks. However, the plant operator may perform more frequent zero and span checks.

For AMS without certification according to EN 15267-1, EN 15267-2 and EN 15267-3, the frequency
of zero and span checks should be at least every four weeks unless there are reasons to extend the
period between testing. Reasons for extending the test frequency to the maintenance interval of the

instrument

are:

instrument or component failure between QAL3 tests (including sampling system).

NOTE Tl
of standards
AMS, the ma|
maintenance
long-term stg
have a highef
achieved tha
appropriate

systematic df

The CUSUM
weekly.

The operatq
checks or co

e maintenance interval is determined during performance testing for approval to the réquirer

such as EN 15267-3 or for the schemes and programmes which preceded EN 15267-3. In
intenance interval is typically between eight days and one month. Some AMS jhave much |
intervals; for example, from three to six months. The benefit of such AMS is thdtthey have a p
bility. Furthermore, as they do not require frequent span measurements, thisimeans that the
availability for monitoring, as span measurements can be time consuming. This is most of theg
hks to appropriate internal checks and adjustments during normal, 6peration. When gener
larms it can avoid the risk related to infrequent zero and span measurements of not detecf
bviation in the AMS, or an increase in random deviations.

procedure defined in C.3 requires frequent zero and‘span checks recommended 1

r shall ensure the correct operation of the AMS“and should ascertain that any int
mpensation systems are operational and that plant personnel are aware of the status o

AMS instrument alarm. This is to ensure that attentions‘taken in the case of instrument malfun
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Use of reference materials other than test gases to perform QAL3 for extractive AMS is possible,

provide

7.5.4

d it was certified in QAL1 according to EN 15267-3 as QAL3 compliant.

In-situ gas-monitoring AMS

For in-situ gas-monitoring AMS, the following options for performing zero and span checks may be

applied:

a) Use of test-gases:

Some in-situ AMS include a sintered tube allowing the injection of test gases. This can be used to
perform zero and span checks.
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b) Use of reference materials other than external test gases:

For some in-situ AMS it is not possible to inject test gases. Use of reference materials other than test
gases to perform QAL3 for in-situ AMS is possible, provided it was certified in QAL1 according to
EN 15267-3 as QAL3 compliant.

7.5.5 Particulate-monitoring AMS

There are several varieties of particulate-monitoring AMS, using a variety of techniques which respond
to variations in concentrations of particulate matter. Regardless of the technique employed, zero and
span readings are typically carried out using reference materials consisting of e.g. optical filters with a

vary
Use (
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f these reference materials to perform QAL3 for particulate monitoring AMS is-posSiH
s certified in QAL1 according to EN 15267-3 as QAL3 compliant.

Documentation of control charts

control chart calculations shall be performed according to the requirements of this s
documented. The history of the checks and appropriate actions‘inr'case of exceeding
5 shall be available for auditing during the AST or during a new QALZ2. This is specificall

st five years.

The use of a spreadsheet is very suitable for the control chart calculations. At the same t
e used for providing traceable documentation on the performance of the AMS (see Clause 9).

Annual surveillance test (AST)

General
rovers the following items:

unctional test of the AMS;

— iarallel measurements with the SRM;

ata evaluation;
alculation of vaniability of the AMS measured values;
est of variability of the AMS measured values and validity of the calibration function;

eporting.

le, provided

fandard and
the control
y important,

QAL3 is performed automatically or internally in the AMS,-The control charts should e stored for

me the sheet

equence of the AST is shown in Figure 5.
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Functional test see 8.2

Parallel measurements see 8.3
with the SRM )

Data evaluation see 8.4

Calculation of 8.5
variability See o

Test for variability and validity see 8.6
of the calibration function )

Reporting seeB\7

Figure 5 — Flow diagram forthe AST

Examples of using the calibration function and testing th€ variability and the validity of the calibration
function in the AST are given in Annex G.

8.2 Functional test

The first part of the AST is the functional test, which shall be performed according to Annex A} The
functional test shall be performed by anexperienced testing laboratory, which has been recogniz¢d by
the competgnt authority.

8.3 Parallel measurements'with the SRM

During AST[at least five parallel measurements with the SRM shall be performed. This shall be cafried
out accordipg to the procedure described in 6.3. The testing laboratory performing the patallel
measuremehts shallimeet the requirements in 5.4.

The purposg of.comparison measurements is to verify if the calibration function of the AMS ig still
valid and if theprecision of the AMS is still within the required limits. If this is the case, and if these
measurements include results outside the valid calibration range, the valid calibration range may be
increased with use of these results.

The evaluation shall be based on minimum five valid measurements within the calibration range. These
measurements shall be uniformly spread over the whole measuring day (as described in 6.3).

A set of measurements is valid when all the requirements below are fulfilled:
— the SRM measurements are performed according to the appropriate standard;
— the SRM measurements fulfil all the requirements given in the appropriate standard;

— the time period of each AMS measured signal, is larger than 90 % of the averaging time (excluding
the signals which are above 100 % or below 0 % of the measuring range of the AMS, signals obtained
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during internal checks (auto calibration), and signals obtained during any other malfunctioning of
the AMS).

The sampling time per measurement shall be the same as used during the initial calibration (QAL2) as
described in 6.3.

The sampling time for the parallel measurements shall be atleast 30 min or atleast 4 times the response
time of the AMS, including the sampling system (as determined in QAL1), whichever is the greater. In
general it is recommended that the sampling time used be the shortest averaging time, which is related
to an ELV.

If the Qnmp]ing time is shorter than one hour the time interval hetween the start of each «:ample shall

be lo

Duri
meaq
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The 1
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valug

8.4
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funct

nger than one hour.

time period.

Data evaluation

hg the performance of the parallel measurements with the AMS and SRM) each
urement pair (one AMS measured signal and one SRM measured value) and'these sh

esults obtained from the SRM shall be expressed in the same conditipns ds the uncorrg
ned from the AMS. For example, if the AMS measures HCl in mg/m3 jn'wet gas, the SR
s shall be given in that unit (mg/m3 in wet gas).

steps for providing data required for performing the\variability test and to test thg

ion are illustrated in Figure 6.
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The figure in the circles indicates the sequence of the steps.

©ISO

2023 - All rights reserved

lid

27


https://standardsiso.com/api/?name=9fe81fdbfb204c535fb2beda0017953a

ISO 20181:2023(E)

Figure 6 — Flow chart describing the steps in the test for variability and calibration
function and verification of the valid calibration range

The data sets obtained in the parallel measurements shall be checked for possible outliers. The method
used to assess outliers and reasons for excluding outliers shall be given in the AST report. Outliers shall
be reported and identified in the calibration data tables and diagrams.

This standard requires at least five valid data points for an AST. If points are excluded e.g. through the
use of outlier tests, this requirement can be failed. It is therefore recommended that additional data
points be taken, to allow for the exclusion of outliers. If this is not done the AST can be invalid. All data
points shall i iabili i idi ibration
function, unlless excluded through the use of outlier tests or have been shown to be invalid.

Calculate the AMS measured values y;, (calibrated values) from the AMS measured signals x; using the

established calibration function (calculated according to 6.5) and use the peripheral AMS equipmgnt to
convert y; o standard conditions and to calculate the standardised measured valygs)y; . .

The resulty from the comparative measurements (AST) shall not be used together with the
measuremehts from the most recent calibration to determine a new calibration function (QALZ2), but
they may be used to extend the valid calibration range.

8.5 Calculation of variability

Identify the maximum permissible uncertainty specified by the législation, o, using the same procddure
asin 6.6.

Calculate for all data sets:

D=y { = Vi (14)

v
P D (15)
[1

sp= | i(n—ﬁ)z (16)
Do N-1 &

8.6 Test If variability‘and validity of the calibration function
i

The variability of themeasured values of the AMS is accepted if the following inequality is fulfilled:

sp <1,5(09 Ky (17)

Values of k, for different numbers of parallel measurements N are given in Annex I.
NOTE1 The k,values are the test values from a X2 -test, with a B-value of 50 %.

NOTE 2  The variability obtained includes uncertainty components associated with the repeatabilities of both
the AMS and the SRM, but not the overall uncertainty of the SRM (therefore an imprecise implementation of the
SRM can result in an apparent poorer variability of the AMS and could result in a false failure of the variability
test). The procedure for determination of uncertainty is not in accordance with GUM (ISO/IEC Guide 98-3).

NOTE 3  This method implies that the quality of the application of the SRM influences the result of the test.

It will be noted, however, that it is the result that determines a pass or failure and that in some cases a better
application of the SRM could change the result from fail to pass.
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The calibration of the AMS is accepted if:

— s
|D| < t0’95; N-1 T?\]'FGQ (18)

Values of ¢, 95. yy_; for different numbers of parallel measurements N are given in Annex [.

If either of the two above tests fails, the causes shall be identified and rectified. Subsequently new
parallel measurements according to QAL2 shall be performed, reported and implemented within six
months. If necessary the supplier shall be contacted, in order to maintain the AMS before the next
calibration.

If the AST demonstrates that the existing calibration function is valid beyond the'eéxisting valid
calibration range, the competent authority can allow the plant to extend the valid €alibration range
up tp the maximum measured concentration of the calibrated AMS measured values at standard
condjfitions, determined during the AST, plus an extension of 10 % of this value, buit the validl calibration
rangg shall not exceed 50 % of ELV.

8.7 | AST report
The AST report shall contain at least the following information:
a) adescription of the plant and sampling location;

b) 4 description of the AMS used - including the measurands covered, its principle, type,operational
fange, and its location;

c) 4 description of the SRM used - its principle; type, operational range, repeatabjlity and/or
measurement uncertainty, and its EN or ISO reference number where appropriate;

d) the dates and times of the parallel measusements;

e) detailed data of all the measured.values obtained from the AMS and the SRM, averaged over the
felevant periods;

f) 1nethod used to assess outliers:and reasons for excluding outliers;
g) 4ctual AMS calibration function and valid calibration range;

h) the x-y plot of parallebmeasurements, including the calibration function and valid calibijation range;
i) the test results\for validity of the precision and calibration;

j)  qny deviation from the procedures described in this document, and the possible inflyence on the
obtainedwésult(s);

k) theresults of the AST functional test (Annex A).

9 Documentation

Every occurrence significantly affecting the AMS during its life span shall be documented (see
Annex D). The AMS shall be assigned a registration number and a file specific to the AMS containing
all the relevant information, which shall be drawn up and updated by the person in charge of the AMS.

The AMS documentation shall include all relevant diagrams and can include photographs of the
sampling system and AMS, when they were installed and commissioned.
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Annex A

(normative)

QAL2 and AST functional test of AMS

A.1 General

Table A.1 sp
AST for extr

A.2 Align

A visual ins
applicable:

— interna

active and in-situ AMS.

Table A.1 — Specification of individual steps of the functional test
to be performed during QAL2 and AST

ecifies the individual steps of the functional test of AMS to be performed during QALZ and

Activity Extractive AMS In-sit-AMS

Alignment and cleanliness X
Sampling system X

Documentation and records X X
Serviceability X X
Leak test X

Zero and span check X X
Linearity X X
Interferences X X
Zero and span drift (QAL3 audit) X X
Response time X X
Report X X

jment and cleanliness

check of the’analyser;

— cleanliness of the optical components;

— flushing

airsupply;

pection, with referehce to the AMS manuals, shall be carried out on the following when

— obstruc

: SR | i 1 41
10115 TIT ULIIC OpLItdl Pdull.

After re-assembly at the measurement location at least the following shall be checked:

— alignment of the measuring system;

— contamination control (internal check of optical surfaces);

— flushing air supply.
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A.3 Sampling system

A visual inspection of the sampling system shall be performed, noting the condition of the following
components, when fitted:

— sampling probe;
— gas conditioning systems;
— pumps;

— all connections;

— gample lines;
— Jpower supplies;
— filters.

The $ampling system shall be in good condition and free of any visible faults, which may decrease the
quality of data.

A.4 | Documentation and records

The following documentation shall be controlled, readily aceessible and up to date:
— 4 plan of the AMS;

— (letails of the performance testing and certification of the AMS;

— all manuals (maintenance, users, etc.);

— log books to document possible malfunctions and action taken;

— gervice reports;

— (QAL3 documentation including actions taken as a result of out of control situations;
— 1nanagement system procédures for maintenance, calibration and training;

— fraining records;

— maintenance schedules;

— Juditing plans and records.

A.5 | Serviceability

There shall be provisions for the effective management and maintenance of the AMS, in order to ensure
the maintenance of the quality of data. Such provisions include at least the following:

— safe and clean working environment with sufficient space and weather protections;
— easy and safe access to the AMS;
— adequate supplies of reference materials, tools and spare parts.

In order to conduct the tests effectively, in addition to the requirements for testing the AMS, and the
requirements for the sampling location and the working platform which are required for QAL2 and
QAL3, facilities shall be provided to introduce the reference materials, both at the inlet of the sampling
line (where present), and at the inlet of the analyser.
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A.6 Leak test

Leak testing shall be performed according to the AMS manuals. The test shall cover the entire sampling

system.

A.7 Zero

and span check

Reference zero and span materials shall be used to verify the corresponding readings of the AMS.

In case of non-extractive AMS, zero and span checks shall be performed using a reference-path free of

flue gas.

NOTE Fd
from the staq
zero testtob

k, and zeroed using a test bench or similar. As an alternative, a measuring path, whicli'enable
e carried out, can be installed in the stack.

A.8 Linearity

The linearif
including a j

The referen
concentrati

In case of ga
cylinders or

The referer
approximat
to know the
the linearity

y of the analyser’s response shall be checked using five different reference mate
ero concentration.

re material with zero concentration, as well as the referefice' materials with four diff
ns, shall have a verifiable quantity and quality.

seous reference materials, these four reference materials can be obtained from differer
can be prepared by means of a calibrated dilutionsystem from one single gas concentre

ce material concentrations shall be selected such that the measured values a
ly 20 %, 40 %, 60 % and 80 % of a range which is at least the short-term ELV. It is nece;
values of the ratios of their concentrations precisely enough so that an incorrect faily
test does not occur. The dry test reference material shall be applied to the inlet of the

r some AMS it is difficult to achieve a zero reading. In those situations, the AMS can bé removed

s this

rials,

brent

tgas
tion.

e at
sary
re of
AMS.

The individual analysers are tested using the following concentrations applied in a randomized

sequence:
— referen
referen
referen
referen

referen

referen

fe material with zero concentration;

‘e material concentration approximately 20 % of the range;
‘e material concentration approximately 40 % of the range;
re materialicOncentration approximately 60 % of the range;
Fe material concentration approximately 80 % of the range;

fe-material with zero concentration.

After each change in concentration, the first instrument reading shall be taken after a time period equal
to at least three times the response time of the AMS. At each reference material concentration, at least
three readings shall be made. The time period between the start of each of the three readings shall be
separated by at least four times the response time.

NOTE1 This procedure means that the quality of the reference material can influence the result of the tests.
It will be noted, however, that it is the result that leads to a pass or failure in the test. In some cases, a reference
material with a higher quality may change the result from fail to pass.
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Special care should be taken, when handling HCI or HF in dry gases. For example, particular surface
reactions in tubing can result in very long response time, which is not representative of the response

time

for humid gases.

NOTE2  Where no other method is possible, the linearity can also be performed with the aid
materials such as grating filters or gas filters.

of reference

The linearity shall be calculated and tested using the procedure as given in Annex B. If the AMS does

notp

A9

ass this test, then the problem shall be identified and rectified.

Interferences

A teq

interfferences, as identified during QAL1.

A.10 Zero and span drift (audit)

The zero point and span drift shall be obtained from and evaluated on the basis of the reco

A.11 Response time

The 1
refen

critefion specified for QALL.

A.12 Report

The 1
to h4
prev

t shall be undertaken if the process gases to be monitored contain components‘tha

esponse time of the AMS shall be checked. This can be performed, if appropriate, by fég
ence material at the end of the sampling probe. The response time shall not exceed the 1

esults of the functional test shall be reported. Any faults shall be recorded. If the faulf
ve an effect on the quality of data, then the operator shall carry out the necessary co
bntive actions.

are known

ds of QAL3.

eding of the
erformance

s are judged
rrective and
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Annex B
(normative)

Test of linearity

B.1 Description of the test procedure

In this test procedure, a regression line is established between the instrument readings ofcthe|AMS
(x-values) and the reference material values (y-values) during the linearity test performed.in A.8 In
the next step, the average of AMS readings at each concentration level is calculated. Thenth€ deviption

(residual) of this average to the regression line is calculated.

B.2 Establishment of the regression line

A linear regression for the function in Formula (B.1) is established:
X =A4B (y;-y;) (B.1)

For the caldulation, all measurement points are taken into acéount. The total number of measuring

points n is efjual to the number of concentration levels (of whiclithere are five, including zero) times the

number of rgpetitions (these are the results of the at least thitee readings) at a particular concentrption
level. In totql, n is at least 18 as at zero in total at least six-fepetitions are made.

The coefficignt A’ is obtained by Formula (B.2):

1\t
A :;zxi (B.2)
il
where
A ig the average value of{the x-values, i.e. the average of the AMS instrument readings;
X; i the individual AMS instrument reading;
n ig the number'6f' measuring points (at least 18).

The coefficignt B is.obtained by Formula (B.3):

n
2 I ( Vl =V )
B= ’::— (B.3)
2
Z(yz —Yz )
i=1
where
V, is the average of the y-values, i.e. the average of the reference material concentrations;
Vi is the individual value of the reference material concentration.
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Secondly the function x; =A'+B (y; —y,) is converted to x; =A+B y; through the calculation of 4
according to Formula (B.4):

A=A-By,

B.3

Calculation of the residuals of the average concentrations

(B.4)

The residuals of the average concentration at each concentration level to the regression line are
calculated as follows:

Calcylate at each concentration level the average of the AMS readings at one and the same eq

level

whet

1

c according to Formula (B.5):
m

A 1 &
c= m_zxc, i

¢ i=1
e
kK. isthe average x-value (AMS reading) at concentration levébc;
k. ; isthe individual x-value (AMS reading) at concentration level ¢;
n.  is the number of repetitions at one and the same ¢oncentration level c.

Calcylate the residual d, of each average according tg\fermula (B.6):

[t

whet

Conv
used

(Y

B.4

Test

. =X, —(A+Bc)

e c is the concentration level.

ert d, in concentration units to arelative unit d, .| by dividing d, by the upper limit ¢,
in the linearity test (see A.8) according to Formula (B.7):

d
—<£ 100 %

u

'C, rel =
Test of theaesiduals
pach residualaccording to Formula (B.8):

[c,rel <5 %

ncentration

(B.5)

(B.6)

of the range

(B.7)

(B.8)

~ .
All residuatsstrattpassthistest:
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Annex C
(informative)

Control charts

C.1 Shewhart control charts

Shewhart c
span value,
the drift, w
charts cont;
determined

Once the co
material), th
change in a
maintenanc

When using
detects drif

The following example shows a series of span measurementsfor NO, with 20 checks for the span

atregular in
while in this
SaMms 1S giver

pntrol charts are the simplest types of control charts, and can either plot the reeq
or the actual difference between the original span value and subsequent spamvalue
hether this drift consists of random variations, or systematic changes. Shewhart co
hin a centre line which is equal to the target value and lower and upper control limi
according to 7.4.

htrol chart limits have been determined (one for zero and one for the span of the refei
le results from the AMS readings are indicated on each control chart to detect drift ay
fcuracy requiring the operator to take action. Such action cancinclude AMS adjustme
b, and potential elimination of the AMS measurements since‘the previous QAL3 test.

Shewhart control charts, the decision is taken based on<he last result. This chart ra
f which is large, but is less efficient at detecting small.amounts of drift.

tervals (see Table C.1). Absolute values and relative values with the target value are sk:l
example, s, ;s would be calculated accordingto 7.4.2. For the sake of example, the va
as 5 mg/m3.

Table C.1 — Raw and relative data for Shewhart control charts

36

Span-point Span value |Deviation from the
number centre line
mg/m?3 mg/m3
1 200 0
2 202 2
3 199 -1
4 202 2
5 203 3
6 200 0
7 199 -1
8 158 =2
9 196 -4
10 195 -5
11 194 -6
12 192 -8
13 190 -10
14 190 -10
15 188 -12
16 187 -13
17 186 -14
18 185 -15
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Table C.1 (continued)

Span-point Spanvalue |Deviation from the
number centre line
mg/m?3 mg/m3
19 184 -16
20 182 -18

Figure C.1 shows a plot of the span measurements in sequence, together with the deviation from the
baseline. The results show the random variations quite clearly over the first 10 measurements, although

it is not clear whether there is a systematic change until over 15 measurements have bee

though there appears to be a trend of drift.
Xspan
220
1
210
2
[ ] [ hd
200 T——>5 e,
® e, 3
[ ]
190 o
[ ° o .
[ ]
180
170 T T T T T
0 5 10 15 20 25
Key
Xspan $Pan value, in milligrams perzeubic metre (mg/m3) 2 centre line
i humber of span check, with i)=1 to n 3  lower control limit
1 ipper control limit
Figure C.1 — Example of a Shewhart control chart
C.2 | Expenentially weighted moving average control charts
Two [solutions are possible to improve the efficiency in detecting slow and gradual che

precision and accuracy of the AMS, due to drift. The options are to:

taken, even

nges in the

— increasing the number of checks n, since efficiency increases with Jn , but this produces a cost that
increases proportionally to n; however, increasing the number of checks also decreases the

availability of the AMS;

— taking previous results into account.

Exponential weighted moving average (EWMA) control charts improve the efficiency of detection by
using results of measurements previous to the last check, whereas Shewhart control charts do not.

© IS0 2023 - All rights reserved

37


https://standardsiso.com/api/?name=9fe81fdbfb204c535fb2beda0017953a

ISO 20181:2023(E)

Compared with the Shewhart and CUSUM control charts, the EWMA control chart:

— is more appropriate for early detection of small or medium-sized drift than the Shewhart control
chart;

— is simpler and easier to use than the CUSUM control chart;
— is easier to set up and keeps the graphical format of the Shewhart control chart;
— implements only one decision rule.

The EMWA control chart requires three preparatory steps:

— selectinfg the control chart parameters:
— mg the centre line;
So 95ams the process standard deviation;
— nthe number of checks (n = 1 for one zero or span check);
— 6 the shift to be detected as soon as possible as a multiple of s;
— ARL(0) the average run length corresponding to a risk of a falsefalarm;
— ARL(6) the average run length to detect a shift &;
— Athe smoothing parameter that determines the depth ofimemory of the EWMA;
— Kalconstant for setting the control limits.

— determjning weighting of the past values with the last reading:

where
z; i the weighted average taking the past and the last check into account;
X; ig the AMS reading for¢the last check;

and 0<A<1;

— determjning the upper-control limit (UCL) and the lower control limit (LCL):

SO Ay
UCL=m, + K==,/ —— C.2
S A
LCL=my-K % |~ .3
0 \/Z 2-1 ( )

The optimum values of the smoothing parameter A and the constant K depend on the shift § to be
detected and the average run length ARL(0) that are set as quality objectives.

If A nears 0, this will take the past more into account and detect small drifts, but sudden major drifts
are less easily detected. If A nears 1, this will take the past less into account and responsiveness to
sudden major drifts are greater, but small drifts will be less easily detected.

Table C.2 shows the values of the span checks which were used in the example of a Shewhart control
chart, together with the weighted, smoothed values calculated for s, =5 mg/m3,n=1,6§=1,1=0,25
and K = 2,0.
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Span check number Span value EWMA value
mg/m? mg/m3
1 200 200,0
2 202 200,5
3 199 2001
4 202 200,6
5 203 201,2
7 199 200,4
8 198 199,8
9 196 198,9
10 195 1979
11 194 196,9
12 192 1957
13 190 194,3
14 190 193,2
15 188 1919
16 187 190,7
17 186 189,5
18 185 188,4
19 184 187,3
20 182 186,0

Figure C.2 shows the EWMA control chart-When compared to the Shewhart control char{, acceptable

randpm variations are smoothed, while'the systematic changes are much clearer to see.
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ZEWMA

220

210 H

200 __._._._._l_'

190 -

180 -

170

Key

Zgwma EWMA value, in milligrams per cubic metre (mg/m?3) 2
i numbdr of span check, withi=1ton

1 upper fontrol limit

C.3 CUSUM control charts

C.3.1 Desjign and use of CUSUM control,charts for detection of drift and precision

Figure C.2 — Example of an EWMA control chart

centre line
lower control limit

20 25 i

This annex|provides detailed procedures for the design and use of CUSUM control charts for the

detection of|drift and decrease of precision of an AMS during operation.

CUSUM conftrol charts are more Jcomplex to understand and set up. However, the benefit off this
approach is{that CUSUM controlcharts can help distinguish between drift, and loss of precision.|This
means that the approach is-better for predictive maintenance and for planning of the service work. It
is mathematically more€émiplex, and therefore mostly suited for automatic systems run on a pergonal
computer. If combined With automatic logging of data from the instruments the whole process can be

automated with considerable reduction in costs as a consequent.

The flow chartS'shown in Figure C.3 and C.4 describe the design and use of CUSUM control charts.

40
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At the installation: Design of CUSUM charts

h=2855 ¢
k,=0501s,

- Adjustment
After each adiustment of the AMS: Zl.l(l;t(:?)l titeng (])f AMS

2 (neg)t1 =0

N{posjtr="0

N (neg)t1 =0

de1=0

Sequential steps after each reading: Sequential steps

2 (pos)p =2 (pos) 1t - kx

2 (neg)p =2 (neg)e1-dt - kx

Evaluation after each reading: Qut of control ?

2 (pos)t > hx
2 (neg)¢ > hx

No

Yes

Adjustment only if necessary: Drift calculation
D = +0,7(kx+ X(pos)t /N (pos)t)

Figure C.3.~<Flow chart for design and use of CUSUM Control charts for drift
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Design of CUSUM charts

At the installation:
h s= 6,90 SiMS

ks = 1,85 S‘iMS

Initial steps
After each adjustment of the AMS:

St.1 =0

Figure C.4 — Flow chart for design-and use of CUSUM Control charts for precision

C.3.2 Def

In the CUSI
uncertainty
uncertaintig

The standar
sams shall b

N(s)e1 =0

Sequential steps after each reading:

Sequential steps

di-d.q)?
Sp :st_1+—( : Ztl) - ks
Evaluation after each reading: Out of control? no
Se >y
yes

Action necessary:
Maintenance of AMS

hult values for the CUSUM control charts

during QALY, for eXxample to calculate ugp,,,
a) CUSUM ‘ehartsfordrife

UM control chartsi-the amount of drift and decrease in precision is compared t¢ the
of the measured-value itself. For this comparison, the standard deviation derived from the
s sources applicable to zero and span readings as determined in QAL1 is taken.

d deviation's, s shall be derived from the information obtained for the QAL1 calculations.
e calculated according to 7.4.1 considering plant conditions and not the test conditions

calculat

e the default values for h, and k,:

hX = 2'8SSAMS

kX =0,5015AMS

NOTE

b) CUSUM

calculat

42

(C.4)

(C.5)

The values in the formulae above are calculated so the average number of readings between two
false alarms equals 50, and so s, s is just detected.

charts for precision:

e the default values for hg and kg:
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hy =6,90 5%ys
k.=1,85 s>
s = 1,09 SaMS

The values in the formulae above are calculated so the average number of readings betw

alarms equals 100, and so two times s, s is just detected.

C.3.3 Initialising the calculation procedure

This
carri

q

q

In th
sum
then

NOTH
sump

Since
drift
have

a)
b)
c)
d)
e)
f)
g)
C.3.

(C.6)

(C.7)

een two false

LCILICLIMNA
UJ

| LY I ) (“ 3 2 i £ i 1 ol VR
[PTULTUUTT TIIUIAIISTS U TTOSTULS LT UpPTIdlllly PJdldIlITiTI S Ul d UNICUIITTIUT CIIarl L.

ed out in the following cases:

at the first use of the control chart;

dfter each adjustment of the AMS.

e following, three essential types of quantities are introduced. The first quantity is the
pof the precision s of the AMS, the second is the normalized sum 2 of the drift of the AM
umber of samples N since the sums were equal to zero.

The term normalized sums used in this section is chosen‘“because the calculations in
hation of the history of the AMS, and a normalization of the new'rteading with respect to the hi

the drift can be both positive and negative, it is necessary to have quantities for b

of the AMS (difference to the reference value). The-precision has no sign. Therefore, s
to be reset (to be set equal to zero):

umber of samples since standard deviationdifferent from zero: N(s),
ormalized sum for positive difference; Y (pos
ormalized sum for negative difference: Y (neg
umber of samples since positive difference: N(pos]
umber of samples since riegative difference: N(neg

ifference between aCtual instrument reading of the AMS and the reference value: d,_{
rovisional sum 0fithe standard deviation: Se_1 =(

Calculation procedure

his shall be

normalized
S, the last is

volve both a
story.

bth kinds of
X quantities

| =0

t-1=0
t-1=0
t-1=0
t-1=0

A spreadsheet is suitable for the calculation procedure given below. However, in order to ayoid the use
of a gomputer at the measuring site, manual calculations may be performed on site. At th
the sheet can be used for the documentation of the AMS (see Clause 9).

E same time

This procedure has to be performed at each reading of the zero and span values from the AMS.

Calculate the provisional sum for standard deviation, and the provisional sums for positive and negative
difference:

2(pos), =X(pos),_q +d; —k,

2(neg), =2(neg);q —d; —k,
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d, =x, — y, is the difference between the actual instrument reading x, and the reference value y;

p

t

t-1

notice the sign!
indicates the provisional value of the normalized sums;
indicates the actual instrument reading;

indicates the previous instrument reading.

ation

Calculate th

and the (pogitive or negative) difference occurred as follows:

a) Ifs,>0: St =Sp and N(s); =N(s);_q +1
If spSI: s =0 and N(s), =0

b) If Z(pgs),>0:  E(pos) =Z(pos), and  N(pos), =N(pos),_; +1
If X(pgs), <0: Z(pos), =0 and N(pos), =0

o IfZ(ndg),>0:  Z(neg), =Z(neg), and N(neg), = N(neg)<; +1
If X(nqg), <0: Z(neg), =0 and N(neg), =0

C.3.5 Test for a decrease of precision

Test the pre
— if s, >h

If this ineqy
control, and
true for eitl
unnecessary

C.3.6 Tes
Test for pos
— if Z(po
— if X(ne
If both of th

tact valuac and ~dd 0 tha o of et ot radinagc cinea thao ctbandaed davgs
teSsVardeSsaiaaaauptae- e o R SstrRe Rt Feae g sSHece—+tne-Staiaatraae vt

rision of the AMS:

| then a decrease in precision of the AMShas been established.

the test for zero and span drift shall be performed. However, if the above inequal
ler zero or span precision, the, manufacturer shall be contacted. In this latter case
y to perform the drift tests.atthis time.

[ for drift and the need for adjustment
tive or negative drift of the AMS:
5); > h,, theda-positive drift is detected;

b); > hy»then a negative drift is detected.

lality is false for both zero and span‘precision then these components of the AMS afre in

ty is
it is

e twio inequalities above are false for both zero and span, then the AMS is in control a

action is req

d no

uired. However, if one value is true for either zero or span, then an adjustment of the AMS is

required, and thereafter the calculations continue from C.3.2.

a) For AMS without automatic internal adjustment:

In the case of a detected drift the value of the drift can be estimated, and shall be used for the
adjustment of the AMS.

If a drift is detected of either zero value or span value, this shall be adjusted and the other value

shall be

checked and may be adjusted.

If a positive drift is detected, then the value of the necessary adjustment can be estimated. This
estimate is calculated as:

D adjust

44

=0,7 (ky +X(pos), / N(pos), )

(C.11)
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If a negative drift is detected, then the value of the necessary adjustment can be estimated. This
estimate is calculated as:

Dygjust ==0,7 (k +Z(neg), / N(neg), ) (€.12)
If the AMS, after the above correction, still gives a signal that result in a detectable drift, the AMS is
regarded as out of order and shall be rectified.

b) For AMS with automatic internal adjustment:

If a drift is detected, the AMS is regarded as out of order and shall be rectified.
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Annex D
(normative)

Documentation

D.1 Principle

Every event
to the AMS
responsibili

D.2 Setti]

The file sho
elements, fo

an idenf

a follow

languag

reports

The followir

certificd
manufa

A registrati
analyser its

D.3 Management of the’AMS file

Proofofthe
training or
up to date 3
of the maint

aprocedlure for calibration and verification: It can be the manufacturer’s instructions in the nat

significantly affecting the AMS during its life span should be documented. A filesp
and containing all the relevant information should be drawn up and updated; ‘unde|
Ly of the person in charge of the AMS.

hg-up of the AMS file

1ld be set up as soon as the AMS has been received. It should contdin at least the follo
I example, in the form of sheets:

ification sheet;

-up sheet;

e or a specific internal procedure;

for all verifications, calibrations and interveftions.
1g elements can also be included in the*file:

ite of delivery;

cturer’s instructions for operation and maintenance.

bn number should be assighed to the AMS, indicated in the identification attached t
blf, in order to identify<it more easily.

ualificationof the person in charge of the AMS should be given (initial training, profess
n-the-jobtraining). The person in charge of the AMS should make sure that the file is
nd that calibration and maintenance operations are carried out when necessary. Rq
enahce operations should be kept. After the AMS is decommissioned, it can be neceg

beific
r the

wing

ional

b the

ional
kept
cord
sary,

the

according td
documentat

national leagiclatian to rotain the racards for 0 given noriad af timo in ardor ta oncun
Horero e e 5ot tioh o0+ C et e e o 8o+ o v e P e o 6 Ot e o+ 66—t

ion of past results.

D.4 Composition of the AMS file

D.4.1 Identification record

This record

the loca

46

should be produced after the delivery of the AMS and should indicate:

the type and designation of the AMS and its identification;

the name of the manufacturer and if applicable, the supplier;

tion;
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— the expiry date of the guarantee;
— the date of delivery and of putting into service, optionally the date and number of the order form;

— references for the operation, calibration, verification and preventive maintenance procedures.

D.4.2 Follow-up record

The follow-up record should be kept up to date by the person in charge of the AMS. Every event
affecting the AMS should be recorded, indicating the date, the nature of the event, the element of
the AMS concerned, observations and/or results, the name of the intervening person and his/her

i i i i he i irstallation and
laintenance,

iden ation{sighature-orinitials)Examples-ofeventswhichaffe AMS-reladein
cominissioning, calibration, verification, preventive maintenance, malfunction, corrective
modification, and decommissioning.

D.4.8 Verification report

The yerification report or form should be completed by the user of the AMS ¢r“a designated individual,
following each verification, according to the procedure and to a frequenc§ specified beforehand.

D.4.4 Calibration report

The individual responsible for this task should complete the repont following each calibratiagn, following
routine calibrations according to the relevant procedure andto a frequency specified befgrehand, and
when an applicable non-conformity has been identified, following a verification or an interyention. The
calibltation procedure ensures that the result is linked to a certified standard.

D.4.5 Intervention report

Any [ntervention should be documented and filed under the responsibility of the person fin charge of
the AMS. The intervention can be carried out, for example, by the manufacturer, by the uder or by the
maintenance department.
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Annex E
(informative)

Examples of calculation of the calibration function and of the

variability test

E.1 Gendral

The purpos¢ of QALZ2 is to perform a calibration, determine the variability and determine’ ¢compljance

with legal r¢

The followin

E.2 Example of QAL2 for a particulate AMS and a high level cluster

E.2.1 General

Table E.1 lists the measurement methods and requirements used ifrthis example.

quirements. The procedures of QALZ are carried out as described in Clause-6.

g examples illustrate how to perform the tests in QALZ2.

Table E.1 — Measurement methods and requirements

Parameter Particulate emission

AMS method Opacity, continuous

Offset for ANIS 4'mA

SRM method Manual gravimetric method - EN 13284-1

Emission lin

standard conditions (0 °C, 1 013 hPa, dry gas, 11 % 0,)

it value (ELV) for the daily average\at 60 mg/m3

Maximum pé¢rmissible uncertainty as a getcentage 30 % of ELV = 18,0 mg/m3
related to EIfV
Standard deyiation o, at standard.conditions (0 °C, 9 mg/m3

1013 hPa, dfy gas, 11 % 0,)

In this example, 15 parallel’measurements have been taken over three days, evenly distributed| The

results are g

iven in Table'E.2:

48
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Table E.2 — Measurements for the QAL2 test

Sample number |SRM measured value at| AMS measured signal
AMS conditions at AMS conditions
i Vi Xj
mg,/m3 mA
1 8,4 8,31
2 91 8,81
3 8,7 8,32
4 9.0 9.00
5 8,3 8,82
6 8,5 8,28
7 10,8 8,79
8 10,0 9,25
9 10,6 8,48
10 10,6 9,28
11 11,6 9,30
12 12,0 8,51
13 13,5 8,47
14 12,2 9,02
15 9,4 8,25
Sum 152,7 130,89
Yy
40
30 A
20 A
104
0 T . .
0 5 10 15 20
Key
x mA
y  mg/m3

Figure E.1 — Plot of SRM measured values y versus AMS measured signals x and the calibration
function determined in E.2.3
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First the SRM measured values are plotted against the AMS measured signals (see Figure E.1). A plot of
the SRM measured values against the AMS measured signals is recommended, to visualize the data and
to help understand the results obtained by the statistical procedures.

Afterwards the calculations and tests are performed.

E.2.2 Calculation of measured values of the SRM at standard conditions

The requirement on the measurement uncertainty of the AMS measured values is expressed as 30 %
of the daily ELV, which is given at standard conditions (0 °C, 1 013 hPa, dry flue gas with an oxygen
content of 11 %).

To decide whether procedure a), b) or c) of 6.4.3 is used for calibrating the AMS, it is essential to calgplate
the SRM measured values at standard conditions. The measured values y of the SRM should thérgfore
be converteld to standard conditions in accordance with the Formula (E.1) by using the-appropriate
parts:

lf+273,15K>< 1 013 hPa y 100 % ><21 % —og
273,15K 1013 hPa+p 100 %—-h 21 %-o

Vs =YX (E.1)

where

is the Celsius temperature;

is the difference between the static pressure of the sample gassand the standard pressure;

t
p
h  isthe absolute water vapour content (by volume);
o isthe oxygen contentin dry gas (by volume);

0

s isthe oxygen standard condition.

The periphgral measurements used to perform the ctonversion of the SRM measured values angl the

results are g

iven in Table E.3.

Table E.3 — QAL2 measurements by the SRM

Sample SRM measured | Temperature Water vapour 0,-content SRM measured
number value at AMS content in dry flue gas value at standpard
conditions conditions
i i t; h; 0 Yis
mg/m3 °C % % mg/m3
1 8,4 85 15,4 10,7 12,6
2 91 85 15,8 10,7 13,8
3 8,7 85 15,8 10,7 13,2
4 9,0 86 14,8 10,8 13,6
5 83 86 129 16;8 124
6 8,5 85 15,3 10,7 12,8
7 10,8 86 14,3 10,7 16,1
8 10,0 87 16,3 9,8 14,1
9 10,6 86 15,5 9,7 14,6
10 10,6 86 15,1 10,8 16,1
11 11,6 80 14,5 9,8 15,7
12 12,0 81 16,8 9,7 16,6
13 13,5 79 15,0 10,9 20,3
14 12,2 79 14,4 9,9 16,6
15 9,4 84 15,8 9,9 13,2
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E.2.3 Calibration function
The calibration function is described by Formula (E.2):
yi=a+bx; (E.2)

where

is the result from the AMS;
y; istheresult from the SRM;

IS the Intercept,;

is the slope.

Fronp Table E.3 it can be seen for the maximum and minimum value at standard conditions|that

=20,3 mg/m3

s, max

=12,4 mg/m3

Js,min
The dlifference between the maximum and minimum value at stanidard conditions is given by:
AV max = (ys,max —Ys, min )

=20,3 mg/m3 -12,4 mg/m3

=7,9 mg/m3
The maximum permissible uncertainty U, ., is given by:

. =0,30 E
=0,30x60 mg/m>

=18,0 mg/ m3
The ¢riterion for the distance-frem zero for the minimum value is given by 15 % of ELV:

Ay =0,15 E
=0,15x60 mg / m>

=9 mg/ m3
Sinc¢ the maximum difference of the measured values is smaller than the maximum |permissible
unceftaintyrand the minimum value at standard conditions is greater than the criterion for the distance
from| zero; the parameters a and b are calculated according to procedure b) by:

h=—Y
A
a=-b-Z
where

N
z=1 D x; =1 %130,89 mA=8,72 mA
N 15
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N
_ 1 1 mg mg
y=— ) y;=—x152,7 —=10,2 —
N ; ' 15 m3 m3

The slope and intercept are calculated by:

— 3 3
po Y :10,2mg/m 215 mg / m
X—-Z (872-4)mA mA
. ~ mg / m> mg
a=-bZ=-215 —'— x4 mA=-86l

fo)

TITA m°

The calibratiion function then becomes (see Figure E.1):

3
g =adbx =-861 M8 515 ME/M (E.3)
1 1 3
m mA

E.2.4 Calibrated values of AMS

The results |isted in Table E.4 are obtained by using the calibration function given by Formula (E.B) on
the AMS mepsured signals:

Table E.4 — Calibration of AMS

Number | AMS measured signal at AMS | SRM measured value at AMS | AMS measured value at AMS
conditions conditions conditions
i X Vi ¥,
mA mg,/m3 mg/m3
1 8,31 8,4 9,28
2 8,81 91 10,36
3 8,32 8,7 9,31
4 9,00 9,0 10,77
5 8,82 8,3 10,38
6 8,28 8,5 9,22
7 8,79 10,8 10,32
8 9,25 10,0 11,31
9 8,48 10,6 9,65
10 9,28 10,6 11,37
11 9,30 11,6 11,42
12 8,51 12,0 9,71
13 8,47 13,5 9,63
14 9,02 12,2 10,81
15 8,25 9,4 9,15
Sum 1309 152,7 152,7

E.2.5 Conversion of data to standard conditions

The requirements on the quality of the AMS is expressed as 30 % of the daily ELV, which is given at
standard conditions (0 °C, 1 013 hPa, dry flue gas with an oxygen content of 11 %). The values of the
SRM and the calibrated AMS should therefore be converted to these standard conditions. Formula (E.1)
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is used for the conversion of SRM measured values. The conversion of AMS measured values is carried
out by application of the corresponding Formula (E.4) by:

A

Jg =X

t+273,15K 1013 hPa 100 % 21 %o
X X X

E.4
273,15K 1013hPa+p 100 %-h 21 %-o (E4)

where

is the Celsius temperature;

p isthe difference between the static pressure of the sample gas and the standard pressure;

1S the absO0lute water vapour content Dy volume);
p  is the oxygen content in dry gas (by volume);
p.  is the oxygen standard condition.
The peripheral measurements used to perform the conversion of the AMS values and th¢ results are
given in Table E.5:
Table E.5 — QAL2 measurements by AMS
Sample | AMS measured | Calibrated AMS | Temperature | Water vapour [\0, content in Calibrated AMS
number signal measured value content dry flue gas measured value at
standard conditions
i X; j’i t; h; 0; Vis
mA mg,/m3 °C % % mg/m3
1 8,31 9,3 82 15 10,7 13,8
2 8,81 10,4 83 15 10,6 15,3
3 8,32 9,3 82 14 10,3 131
4 9,00 10,8 82 15 10,2 15,3
5 8,82 10,4 84 13 10,3 14,6
q 8,28 9,2 84 15 10,4 13,4
7 8,79 10,3 82 14 9,9 14,0
8 9,25 11,3 83 16 10,2 16,2
9 8,48 9,7 85 14 10,1 13,6
1 9,28 11,4 81 13 10,0 15,4
11 9,30 11,4 77 13 10,0 15,3
12 8,51 9,7 77 13 10,1 131
1 8,47 9,6 77 14 9,9 12,9
14 9,02 10,8 82 15 9,7 14,6
15 8,25 9,2 80 15 9,5 12,2

E.2.6 Valid calibration range

The calibration function of the AMS is valid between zero and the maximum value y - of the

calibrated AMS measured values at standard conditions plus an extension of 10 % of y, ., or 20 % of

ELV, whichever is the greater.
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For this AMS, the maximum valueis y =162 mg/m3. Since 1,10 X Vsmax = 17,8 mg/m3 is greater
than 0,20xE =12,0 mg/m3 , the valid calibration range is given by:

0<j, <1,10x16,2 mg/m’

0<y <17,8 mg/m3

The valid calibration range is from 0,0 mg/m3 to 17,8 mg/m3 at standard conditions.

E.2.7 Test of variability

The Variabillity is accepted if:

< o, |k, (E.5)

where

sp isthe standard deviation of the differences D, ;
0y isthe standard deviation associated with the uncertainty laid down by thie authorities;

k, 1isthe test parameter.

The standand deviation sj is calculated in accordance with Formula (E.6):

o= ' (0,-57 (E6)
PTYN-1 &Y '

where the djfference D; is:

D=y~ Vis (E.7)

)

The values ysed for the calculation of s are given in Table E.6:

Table E.6 — Figuresused for variability test at standard conditions?

Sample Calibrated AMS SRM measured Difference Difference Squared
number measured value at_-/| value at standard difference
standard conditions conditions
: Vics Yis D =Yis=Vis D;-D (D; - D)]
mg/m?3 mg/m?3 mg/m?3 mg/m?3 (mg/m3)
1 13,8 12,6 -1,17 -1,74 3,02
2 15,3 13,8 -1,58 -2,15 4,62
3 13,1 13,2 0,01 -0,55 0,51
4 15,3 13,6 -1,68 -2,25 5,05
5 14,6 12,4 -2,18 -2,75 7,56
6 13,4 12,8 -0,58 -1,14 1,31
7 14,0 16,1 2,06 1,49 2,22
8 16,2 14,1 -2,18 -2,74 7,53
9 13,6 14,6 1,03 0,46 0,21
10 15,4 16,1 0,65 0,08 0,01
11 15,3 15,7 0,39 -0,18 0,03
12 13,1 16,6 3,44 2,87 8,23
a Standard conditions: 0 °C, 1 013 hPa, dry gas, 11 % O,.

54 ©1S0 2023 - All rights reserved


https://standardsiso.com/api/?name=9fe81fdbfb204c535fb2beda0017953a

Table E.6 (continued)

ISO 20181:2023(E)

Sample Calibrated AMS SRM measured Difference Difference Squared
number measured value at value at standard difference
standard conditions conditions
: j’i,s Yis D=y s~ yi,s b;-D (D; - DY
mg/m? mg/m3 mg/m? mg/m3 (mg/m?)2
13 12,9 20,3 7,38 6,82 46,45
14 14,6 16,6 1,93 1,37 1,87
15 12,2 13,2 0,98 0,42 0,17
Avprage 0,57
Jum 88,59
a Jtandard conditions: 0 °C, 1 013 hPa, dry gas, 11 % O,.

The gtandard deviation s is given by:

1 < =12 1 mg \’ ms
Ip =,|—— (D-—D =,/—— 88,59 [_) =2,52 —
N-1 Z{ i=D) 15-1 m3 m3

The fnaximum permissible uncertainty laid down by the authoritiés is 30 % of the ELV as half length of

a 95 Po confidence interval. o is therefore calculated as:
do=pE/1,96
_0,30x60 mg/m*
1,96
=9 mg/m3

For 15 measurements the k, value is 0,976, 1\(see Table I.1). The test for variability then resyilts in:

,52 mg/m> <9 mg/m3x0,976 1

DO

2,52 mg/m3 <8,78 mg/m3
which is fulfilled. The AMS passes the test.

E.3

E.3.1 General

Example of 2 QAL2 for a carbon monoxide AMS and a low level clusts

Tablg E.7 lists:the measurement methods and requirements used in this example.

Table E.7 — Measurement methods and requirements

\174
-1

bines and gas engines (273,15 K, 1 013 hPa, dry gas, 15 % 0,)

Parameter carbon monoxide
AMS method continuous monitor
Offset for AMS no offset

SRM method EN 15058

Emission limit value (ELV) at the conditions defined in the IED for gas tur-|100 mg/m3

IED maximum permissible uncertainty as a percentage related to ELV

10 % of ELV = 10,0 mg/m3

Standard deviation o,

5,1 mg/m3
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In this example, 18 parallel measurements have been taken over three days, evenly distributed. As all
measurements were made at dry conditions reported at 273 Kand 1 013 hPa, there is no need to correct
for these peripheral measurements. The measurement results are given in Table E.8:

Table E.8 — Measurements for the QAL2 test

Sample AMS measured AMS oxygen SRM oxygen SRM measured
number signal content content value at AMS
conditions
i Xj Yi
mg/m3 % % mg/m3
1 7,3 14,2 14,4 8,3
2 7,3 14,3 14,4 8,1
3 6,7 14,3 14,4 7,7
4 6,4 14,3 14,4 752,
5 6,4 14,3 14,5 715
6 6,0 14,3 14,4 6,9
7 5,6 14,4 14,5 7,5
8 5,4 14,4 14,5 7,3
9 6,0 14,4 14,5 7,6
10 6,3 14,4 14,5 7,6
11 6,2 14,4 14,5 7,8
12 57 14,1 14,3 7,0
13 6,0 14,0 14,1 6,9
14 59 14,0 14,1 6,6
15 4,6 14,1 14,3 59
16 4,5 14,3 14,4 5,8
17 51 14,3 14,4 7,0
18 6,2 14,3 14,4 6,9
The standardized data for the QAL2test are given by Table E.9.
Table’E.9 — Standardised data for the QAL2 test
Sample number SRM measured AMS measured
value at standard | signal at standard
conditions conditions
i Yi X
mg,/m?3 mg/m?3

T 75 6,4

2 7,4 6,5

3 7,0 6,0

4 7.0 57

5 6,9 5,7

6 6,3 54

7 6,9 51

8 6,7 49

9 7.0 5,5

10 7,0 5,7

11 7,2 5,6
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E.3.2

The [requirement on the measurement uncertainty of the AMS measured values is exp

Table E.9 (continued)
Sample number SRM measured AMS measured
value at standard | signal at standard
conditions conditions
i i Xi
mg/m3 mg/m3
12 6,3 5,0
13 6,0 51
14 5,7 51
15 5,3 4,0
16 53 4,0
17 6,4 4,6
18 6,3 5,6
Average 6,57 5,33
Minimum 53
Maximum 7,5
Spread 2,2

Calculation of SRM measured values at standartd conditions

percentage of the ELV, which is given at standard conditions.

To decide whether procedure a), b) or c) of 6.4.3.4s used for calibrating the AMS the SR]

valug¢s are expressed at standard conditions, seeFable E.9.

E.3.3

From Table E.9 it can be seen for the maximum and minimum value at standard conditions

/s,max

The glifference between the maximum and minimum value at standard conditions is given |

3
Vs, min =5,3 mg/m

Calibration function

=7,5 mg/m3

Aymax :(ys,max _ys,min)
=7,5 mg/m3 -53 mg/m3

ISO 20181:2023(E)

ressed as a

M measured

that

Dy':

=0,10 E

Umax

[aTal L ?
— 4,4 IIIg /1T
The maximum permissible uncertainty

=0,10x100 mg / m>

=10,0 mg/m3
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The criterion for the distance from zero for the minimum value is given by 15 % of ELV:

AYpin =0,15 E

=0,15x100 mg/ m>

=15,0 mg/m3

Since the maximum difference of the measured values is smaller than the maximum permissible
uncertainty, and the minimum value at standard conditions is smaller than the criterion for the
distance from zero, the parameters a and b are calculated according to procedure c). Table E.10 shows
the complete data set for the calculation of the calibration function.

Table E.10 — Complete data set for the calculation of the calibration function
Sample number | SRM measured value | AMS measured signal Data type
at AMS conditions at AMS conditions
i Yi X
mg/m3 mg/m3
1 8,3 7,3 SRM
2 8,1 7,3 SRM
3 7,7 6,7 SRM
4 7,7 6,4 SRM
5 7,5 6,4 SRM
6 6,9 6(0 SRM
7 7,5 5,6 SRM
8 73 54 SRM
9 7,6 6,0 SRM
10 7,6 6,3 SRM
11 7,8 6,2 SRM
12 7,0 57 SRM
13 6,9 6,0 SRM
14 6,6 59 SRM
15 59 4,6 SRM
16 5,8 4,5 SRM
17 7,0 51 SRM
18 69 6,2 SRM
19 0,0 0,1 surrogate
20 76,0 75,3 surrogate
Average 10,31 9,15

The calibration function is described by Formula (E.8):

yi=a+bx;

where

x; isthe AMS measured signal;

y; isthe SRM measured value;

a isthe intercept of the calibration function;

b is the slope of the calibration function.

58

(E.8)
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For

procedure c), the parameters a and b are calculated by:

N
Z(Xi -X) (yi-y)
i=1

ISO 20181:2023(E)

b=Hl—
—\2
Z(Xi_x)
i=1
a=y-bx
where
1 mg
X=— x;=9,15 —=
N Zl' ! m3
1 mg
Y= Y yi=10,31 —

i=1 m

With| these values the slope and intercept are:

The

Figu

4=1,208 28

m
bh=0,994
ralibration function then becomes:
b =a+bhx =1,208 25 10,994 x,
11 1 m3 1

calibfration function determined.

(E.9)

e E.2 shows a plot of the SRM\measured values y versus the AMS measured signal]s x and the
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