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ISO 7935:2024(en)

rd

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any clai
rights in regpect thereof. As of the date of publication of this document, ISO had notyeceived

patent(s)

this may ngt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

ich may be required to implement this document. However, implementers are ca

Any trade

constitute 3

For an expl
related to

Organizatig

This documlent was prepared by Technical Committee ISO/ATC 146, Air quality, Subcommittee SC ]

source emis

This secongl edition cancels and replaces the firstedition (ISO 7935:1992), which has been

revised.

The main c

(meas
of NH5)
of N,0)

anewa

for med

the pet

harmonize’with latest ISO standards;

the structure and the components-have been updated to be similar to the latest editions of e.g

Clause

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

&

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pword.html.

Fions.

anges are as follows:

ement of nitrogen oxides); 4SO 12039 (measurement of CO, CO, and 0,), ISO 17179 (m
[SO 13199 (measurementoftotal VOC),ISO 25140 (measurementof CH,),1SO 21258 (m

B has been revised with the addition or deletion and change in terms and definitions

nalytical technique has been added (laser spectroscopic technique or tunable laser sp
surement.of SO,;

formance characteristics and criteria as well as QA/QC procedures have been

, Stationary

technically

1. 1S0 10849

pasurement

pasurement

ectroscopy)

changed to

measurement.

examples of performance test results and the results of uncertainty calculation have been added for SO,

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

Sulfur dioxide (SO,) can arise in considerable quantities from combustion of fossil fuels used for energy
generation, industrial activities processing sulfur or sulfur containing material, and from combustion of
sulfur containing waste. The waste gas from these processes, containing sulfur dioxide, is usually discharged
into the ambient atmosphere, via a duct or a chimney.

For evaluating the mass concentration of sulfur dioxide present in the waste gas of stationary source
emissions, a number of highly developed methods of integrated sampling and subsequent determination by
chemical analysis and automated measuring systems are available.

© IS0 2024 - All rights reserved
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International Standard

ISO 7935:2024(en)

Stationary source emissions — Determination of the mass
concentration of sulfur dioxide in flue gases — Performance

charac

1 Scope

teristics of automated measuring systems

This docunfent specifies a method for the determination of sulfur dioxide (SO,) in flue gases.o

sources an
measuring

The methoc

This docum
of analyser;

— non-dig
Fourier
laser sy
non-dis

Other equi
requiremen
according t

Automated
application
2 Norm

The followi
requiremen

the latest edlition of theréferenced document (including any amendments) applies.

[SO 9169, A
system

differemtial optical absorption spectroscopy (DOAS):

describes the fundamental structure and the key performance characteristi¢s of
bystems.

allows continuous monitoring with permanently installed measuring systems of SO

ent describes extractive systems and in situ (non-extractive) systems-in connection
that operate using, for example, the following principles:

persive infrared absorption (NDIR);
transform infrared (FTIR) spectroscopy;
ectroscopic technique or tunable laser spectroscopy (TLS);

persive ultraviolet absorption (NDUV);

yalent instrumental methods can be msed provided they meet the minimum p
ts specified in this document. The measuring system can be validated with referenc
b this document, or comparable methods.

measuring system (AMS) based on the principles listed above has been used succesg
for the measuring ranges as:shown in Annex E.

htive references

ng documents arereferred to in the text in such a way that some or all of their content
ts of this dociment. For dated references, only the edition cited applies. For undated

r quality — Definition and determination of performance characteristics of an automati

[ stationary
automated

h emissions.

vith a range

erformance
e materials,

fully in this

constitutes
references,

C measuring

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.

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

ISO Onl

ine browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1
analyser
analytical part in an extractive or in situ automated measuring system (3.3)

[SOURCE: ISO 12039:2019,121 3.1]

3.2

automated measuring system

AMS

measuring system interacting with the flue gas under investigation, returning an output signal p
to the physical unit of the measurand (3.9) in unattended operation

Note 1 to entry: For the purposes of this document, an AMS is a s

continuously 0

[SOURCE: 1$0 9169:2006, 2.1.2, modified — Note 1 to entry has been replaced.]

3.3

in situ AM

non-extracfive system that measures the concentration directly in the duct or stack

Note 1 to enflry: In situ systems measure either across the stack or duct or at a point within the duct or st
3.4

parallel m¢asurements

measuremgnts taken on the same duct in the same sampling plane fer the same period of tiy

is not influenced by a previous individual reading by separating two individual re

least four r¢sponse times

3.6

interfereng
Cross-sens
negative or
thatis nott

"e

tivity

positive effect upon the-response of the measuring system, due to a component of
he measurand

3.7
interferenf
interfering substance

substance present-in/the air mass under investigation, other than the measurand (3.9), that
response off AMS{3:2)

roportional

ystem that can be attached to a duct or stack to

hck.

he with the
ing pairs of

hdings by at

the sample

affects the

3.8

lack-of-fit

systematic deviation within the range of application, between the accepted value of a reference material
applied to the measuring system and the corresponding result of measurement produced by the measuring

system
Note 1 to entry: Lack-of-fit can be a function of the result of measurement.

Note 2 to entry: The expression “lack-of-fit” is often replaced in everyday language for linear relations by *
“deviation from linearity”.

[SOURCE: I1SO 9169:2006, 2.2.9, modified — Note 2 to entry has been removed.]

© IS0 2024 - All rights reserved
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measurand
particular quantity subject to measurement

[SOURCE: ISO/IEC Guide 98-3:2008I[¢], B.2.9, modified — Example and Note 1 to entry have been removed.]

3.10

performance characteristic
quantity assigned to equipment in order to define its performance

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

3.11

period of unattended operation

maximum interval of time for which the performance characteristics remain within a prede

without ext
[SOURCE: IS
Note 1 to ent

3.12

reference
substance
known chat

Note 1 to ent
[SOURCE: IS
3.13

8

ernal servicing, e.g. refill, adjustment
09169:2006, 2.2.11]

ry: The period of unattended operation is often called maintenance interval.

aterial
mixture of substances with a known concentration withinJspecified limits, or
acteristics

ry: Normally calibration gases, gas cells, gratings or filtersdaxe used.

0 14385-1:2014,131 3.20]

reference method

measurems
measurand

Note 1 to ent

3.14

transport {
time period
instrument

3.15

response t
time interv
and the insf
determined
the fall tim¢

nt method taken as a reference by convention, which gives the accepted reference

ry: See 3.4.

ime in the measuring line
for transportation of the sampled gas from the inlet of the probe to the inlet of the m

me

al between-the instant when a stimulus is subjected to bring about a specified ab}
ant when the response reaches and remains within specified limits around its final s
as thessum of the lag time and the rise time in the rising mode, and the sum of the |
inthe falling mode

fined range

a device of

value of the

pasurement

upt change
table value,
ag time and

[SOURCE: I

AB1o0-2006—2 2 41
U 7107.24UU0, 4.4.7%]

Note 1 to entry: Lag time, rise time and fall time are defined in ISO 9169:2006.

3.16
span gas

gas or gas mixture used to adjust and check the span point on the response line of the measuring system

Note 1 to entry: The concentration is often chosen around 70 % to 90 % of full scale.

3.17
span point

value of the output quantity (measured signal) of the automated measuring system for the purpose of
calibration, adjustment, etc. that represents a correct measured value generated by reference gas

© IS0 2024 - All rights reserved

3


https://standardsiso.com/api/?name=e118f93856350bacd7f4142bacb674b4

ISO 7935:2024(en)

3.18
standard uncertainty
uncertainty of the result of a measurement expressed as a standard deviation

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

3.19

uncertainty

parameter associated with the result of a measurement, that characterizes the dispersion of the values that
can reasonably be attributed to the measurand

[SOURCE: ISO/IEC Guide 98-3:2008[¢], 2.2.3 modified — Notes 1, 2 and 3 to entry have been removed.]

3.20

validation pf an automated measuring system
procedure [to check the statistical relationship between values of the measurand indicated by the
automated measuring system and the corresponding values given by parallel measurements imnplemented
simultaneofisly at the same measuring point

3.21

Zero gas
gas or gas npixture used to establish the zero point (3.22) on a calibration curvéwithin a given concentration
range

[SOURCE: 1$0 12039:2019,121 3.20]

3.22

zero point
specified vplue of the output quantity (measured signal).of*the AMS and which, in the absence of the
measured domponent, represents the zero crossing of the calibration line

4 Symbols and abbreviated terms

4.1 Symbols

e; Residual (lack-of-fit) at levely

K [overage factor

N Number of measurements

S, $tandard deviation of repeatability

u(yy) Lombined uncertainty of X (SO,) mass concentration

U(yy) Expanded uncertainty of X (SO,) mass concentration

M, Molar mass of X (505, g/mol)

Vy Molar volume (22,4 1/mol at standard conditions, 273,15 K; 101,325 kPa)

% Volume fraction of X (SO,)

Yx S0, mass concentration at standard conditions in mg/m3 (273,15 K; 101,325 kPa)
YR S0, mass concentration at reference conditions in mg/m3 (273,15 K; 101,325 kPa; H,O0 corrected)
X Average of the measured values x;

bl ith measured value

© IS0 2024 - All rights reserved
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4.2 Abbr

AMS
FTIR
TLS
NDIR

Nnn-dicpprcivp infrared

ISO 7935:2024(en)

Average of the measured value at level i

Value estimated by the regression line at level i

eviated terms

Automated measuring system
Fourier transform infrared

Tunable laser spectroscopy

NDUV I

DOAS |
UVF
QA

QC

|

5 Princi

This docuy
determinin

There are t)

extract

in situ s

With extrag
conveyed tg

In situ syst¢
arepresent

The system
meet the m

6 Descr

Non-dispersive ultraviolet

Differential optical absorption spectroscopy
Jltraviolet fluorescence

Duality assurance

Duality control

ple

nent describes automated measurement systems for sampling, sample condif
b SO, content in flue gas using instrumental methods (analysers).

vo types of automated measuring systems;
jve systems;
ystems.

tive systems, a representative sample of gas is taken from the stack with a samplin
the analyser through thersample line and sample gas conditioning system.

ems do not require any,sampling transfers out of the stack. For the installation of the
htive place in the stack’is to be chosen.

5 described int¢his’"document measure SO, concentrations using instrumental metho
nimum perfermance specifications given.

jption-of the automated measuring systems

ioning and

> probe and

se systems,

s that shall

6.1 Sam

lingand sampie gas conditioning systems

Sampling and sample gas conditioning systems for extractive and in situ methods shall conform to

1SO 1039601

1.

In extractive sampling, these gases are conditioned to remove aerosols, particulate matter and other
interfering substances before being conveyed to the instruments. Three kinds of extractive systems as well

as non-extr

a) cold-dr

active systems are described in ISO 10396[1l;

Y,

b) hot-wet, and

c) dilution.

© IS0 2024 - All rights reserved
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In non-extractive sampling, the measurements are made in situ; therefore, no sample conditioning is

required.

The details of the extractive sampling and sample gas conditioning systems are described in Annex A and
two kinds of in situ system are illustrated in Annex B.

6.2 Analyser equipment

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

AMS shall meet the performance characteristics as described in Clause 7.

7 Perfo
7.1 Performance criteria
Table 1 gives the performance characteristics and performance criteria of the analyser and measurement
system to He evaluated during performance test, by means of ongoing QA/QC in theaboratory|and during
field operatjion. Test procedures for the performance test are specified in Annex(E)
Tgble 1 — Performance characteristics and criteria of AMS for;measurement of SP,
Perf¢rmance characteristic Performance criterion Test procedure
Response time <200.s D.2
Standard deviation of repeatability in labo- | <2,0 % of the upper limit:of'the lowest measuring 032
ratory at zero point range used T
Standard deviation of repeatability in labo- | <2,0 % of the upper limit of the lowest measuring 033
Fatory at span point range used T
o — :
Lack-of-fit <2,0 % of the-upper limit of the lowest measuring D.4
range used
o . :
7bro drift within 24 h <2,0 Y% of the upper limit of the lowest measuring D.5
range used
o . :
Shan drift within 24 h <2,0 % of the upper limit of the lowest measuring D.5
range used
Zero drift within the period of unattefided | <3,0 % of the upper limit of the lowest measuring b 6
operation range used o
Span drift within the period of unattended |<3,0 % of the upper limit of the lowest measuring b 6
operation range used o
Sensitivity|to amblent teMperature, for a <5,0 % of the upper limit of the lowest measuring
change of 20 K in the témperature range D.7
T range used
specified by the manufacturer
Sensitivity to sample gas pressure, fora |<2,0 % of the upper limit of the lowest measuring b 3
pr¢ssure change of 3 kPa range used e
SensitiVit tU Dalll}}}c SClD f}U \A fUl dIl TA _2,0 n/{J Ulc thc UPPCI }illl;t Uf thc IUVV CDt IIICasur ;lls D 9
tractive AMS range used =
Sensitivity to electric voltage in the range o o .
-15 % below or +10 % above from the nom- =2,0 % of the upperr{alrrlnl(‘; 322}; lowest measuring D.10
inal voltage stated by the manufacturer 8
o . :
Cross-sensitivity <4,0 % of the upper limit of the lowest measuring D11
range used —
Losses and leaka'gfe 1n' the sampling line <2,0 % of the measured value D.12 and D.13
and conditioning system E— =
Excursion of the measurement beam of | <2 % of the measured value of the lowest meas-
o : D.14
cross-stack in situ AMS uring range used

© IS0 2024 - All rights reserved
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7.2 Determination of the performance characteristics

7.2.1 Performance test

The performance characteristics of the AMS shall be determined during the performance test. The values
of the performance characteristics determined shall meet the performance criteria specified in Table 1. The

procedures for the determination of these performance characteristics are specified in Annex D.

The ambient conditions applied during the general performance test shall be documented.

The measurement uncertainty of the AMS measured values shall be calculated in accordance with ISO 14956
on the basis of the performance characteristics determined during the performance test and shall meet the
level of uncertainty appropriate for the intended use. These characteristics may be determined either by the

manufactut

er or by the user.

7.2.2 Ongoing quality control

The user sh
with a perig

The measu
system in a
of uncertai
approach fg
under field
by uncertai

h11 check specific performance characteristics during ongoing operation of the measu
dicity specified in Table 2.

rement uncertainty during field application shall be determined by the user of thg
ccordance with applicable international or national standards. For'process monitori
nty shall be appropriate for the intended use. It can be determined by a direct or
r uncertainty estimation as described in ISO 20988.[5] Thetincertainty of the meas
bperation is not only influenced by the performance chardcteristics of the analyser it
hty contributions due to:

— the sanjpling line and conditioning system,

the site

the refd

specific conditions, and

rence materials used.

8 Selection and installation procedure

8.1 Choi

re of the measuring system

To choose ajn appropriate analyser, sampling line and conditioning unit, the following characteri

gases shoul
temper]
water

dust lod

d be known beforedthefield operation:

ambient temperaturedange;

hture rangeof the flue gas;
apour.content of the flue gas;

1ding of the flue gas;

ring system

measuring
hg, the level
an indirect
ured values
self but also

stics of flue

To

expected concentration range of SO,;

expected concentration of potentially interfering substances.

avoid long response time and memory effects, the sampling line should be as short as possible. If

necessary, a bypass pump should be used. If there is a high dust loading in the sample gas, an appropriate
heated filter shall be used.

Before monitoring emissions, the user shall verify that the necessary QA/QC procedures have been

performed.

NOTE

Information on QA/QC procedures is provided in ISO 14385-1[3land 1SO 14385-2 [41.

© IS0 2024 - All rights reserved
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8.2 Sampling

8.2.1 Sampling location

The sampling site shall be in an accessible location where a representative measurement can be made. In
addition, the sampling location shall be chosen with regard to the safety of the personnel involved.

8.2.2 Representative sampling

It is necessary to ensure that the gas concentrations measured are representative of the average conditions
inside the flue gas duct.

NOTE The selection of sampling points for representative sampling is described, for example, in ISO 10396,
where gas stfratification, fluctuations in gas velocity, temperature and others are discussed.

8.3 Calcylation of conversion from volume to mass concentration for SO,
Results of the measurement for SO, shall be expressed as mass concentrations at reférence condjtions.

If the SO, ¢oncentration is provided as a volume fraction, Formula (1) shall(bé used to conyert volume
fraction of §0, (10-9), D50, »to SO, mass concentrations, ¥sq, :

My,
Vi

(D

s0, =Pso0, -
where

¥s0, is the SO, mass concentration in mg/m3 at staridard conditions (273,15 K; 101,325 }{Pa);
Dso, | is the volume fraction of SO, (by volume, 107°);

Mso, | is the molar mass of SO, (= 64,06 g/molj;

Vy is the molar volume (= 22,4 1/moliat 273,15K and 101,325 kPa).

If necessary, the SO, concentration measured in the wet gas should be corrected to the SO, concpntration at
standard cqnditions (dry gas), using Formula (2):

100%

TR =102 100%—h (2)
where
YR is the SO4 mass concentration at standard conditions in mg/m3 (273,15 K; 101,335 kPa; H,0
corrected);
h isthe absolute water vapour content (by volume) (%).

9 Quality assurance and quality control procedures

9.1 General
Quality assurance and quality control (QA/QC) are important in order to ensure that the uncertainty of the

measured values for SO, is kept within the limits specified for the measurement task. The results of the QA/
QC procedures shall be documented.

© IS0 2024 - All rights reserved
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9.2 Frequency of checks

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

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

Minimum frequency for permanent-

affect the integrity of the sampling
system

Check ly installed AMS Test procedure

Response time Once a year D.2
Standard dewviationof rnpnafnhilify atzero pninf Oncea year Bz
Standard deviation of repeatability at span point Once a year DA3I3

Once a year and after any major
s changes or repair to the AMS, which )
Lack-of-fit will influence the results obtained Da
significantly
Once a year of after any major changes
Sampling system and leakage check or repair to the system which can D.12 anf D.13

Beanj alignment (in situ AMS only)

Once a year

According to manufactur-

er’'s m4g

nual

bity attenuation through cleanliness
dust load (in situ AMS only)

Light inten
and

According to mantfacturer’s require-
ments or periodpecified by national
Standard

According to manufactur-

er’'s mg

nual

changing of particulate filters at the
hg inlet and at the monitor inlet

Cleaning or
sampli

The particulate filters shall be changed
periodically depending on the dust
load-at the sampling site. During this
filter-change the filter housing shall be
cleaned.

According to manufactur-

er’'s m4g

nual

Zero drift2

Once in the period of unattended op-
eration or period specified by national
standard

D.6

Span drift 2

Once in the period of unattended op-
eration or period specified by national
standard

D.6

Regulfr maintenanceof\the analyser

According to manufacturer’s require-
ments

According to manufactur-

er’'s m4g

nual

a2  NOTE Anfalysers can besehecked with internal gas cells or optical filters for this determination.

The user shall implement a procedure to guarantee that the reference materials used meet the
requiremerlt specified in Annex C (e.g. by comparison with a reference gas of higher quality).

uncertainty

9.3 Calibration, validation and measurement uncertainty

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

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

a)

b) areference material.

an independent method of measurement or

In either case, the validation of an automated measuring system shall include the determination of uncertainty
of the measured value obtained by calibrating the AMS. Calculation of uncertainty of measurement of SO,
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is described in Annex F. The AMS shall be subject to adjustments and functional tests in according with 9.2
before each calibration. This ensures that the measurement uncertainty is representative of the application
at the specific plant.

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

NOTE

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

continuous monitoring on the basis of a comparison with an independent method of measurement is described, for
example, in 1ISO 20988(21,

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

10 Testr

If not specif

a)
b)
c)
d)
e)
f)
g)

a referd

pport
ied otherwise, it shall include at least the following information:

nce to this document (i.e. ISO 7935:2024);

descriTion of the measurement objective;

princip
inform

identifi

operating range;

sample
needed|

details

descrirIion of plant and process; concentration range of pollutants and potential interferend

the ide
the acti
adescr

a descr

e of gas sampling;
nition about the analyser and description of the sampling ahd conditioning line;

cation of the analyser used, and the performance charagteristics of the analyser, liste

gas temperature, sample gas pressure and optical path length through an optical ce
for in situ measurement);

of the quality, purity and uncertainty,in-the concentration of the span gases used;

tification and location of the\sampling plane;
ons taken to achieve representative samples;
ption of the locatian-of the sampling point(s) in the sampling plane;

ption of the operating conditions of the plant process;

the sa

the ch:[lges in the\plant operations during sampling;

pling-date, time, and duration;

1 in Table 1;

11 (it is only

es;

the tim

e @veraging on relevant periods;

the measured values;

the measurement uncertainty;

the results of any QA/QC checks conducted arising from Table 2;

any deviations from this document.
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Annex A
(informative)

Extractive SO, measurement systems

A.1 General

A.1.1 Col

Many varia
system for §

The sampli
with the gy

Key

homogeneity. Prior to installation the uniformity of the gas stream should be checked.
—
13 14 10
4 l 8 9
12| 1 3 e
—b> 12 PP}<t———————————= 3
15 15
5 6
/l
7
=
gas sampling probe 9, flow meter
primary filter 10 analyser
heating|(for use as necessary) 11 outlet
samplinjg line (heated as necessary) 12 inlet for zero and span gas (preferably in front of the n

B wWw N R

-dry extractive system

nts of this exist and Figure A.1 is just an example of a typical arrangement of a completg
bO,. This system is suitable for use with most of the analysers that are describ@d-in 6]

ng of gas shall be representative, that is, the sampling location shall be typical of the
idelines given in I1SO 10396.[1 The sampling points for the measurement require

P measuring
2.

entire duct
a check for

11

>

sample fooler with condensate separator 13

14
15

samplinjg pump
seconddqry filter

needle yalve

to check the complete system
inlet for zero and span gas to check the conditioning sy
the analyser

inlet for zero and span gas to check the analyser
valve

zzle)

stem and

Figure A.1 — Example of a cold-dry extractive system

The components described in A.1.2.1 to A.1.2.7 have, for example, proven to be successful for measurements
at gas-, oil- and coal-fired plants. Precautions need be observed because of the high corrosiveness of
condensable acid gases (e.g. HCI, SO3 or NO,).
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A.1.2 Components for cold-dry extractive system

A.1.2.1 Sampling probe

The sampling probe shall be made of suitable, corrosion-resistant material. For gas temperatures up to 190 °C
polytetrafluoroethylene (PTFE) is an acceptable material. Cooling may need to be considered necessary to
prevent damage to the probe/sample system, but the temperature shall be maintained 10 K to 20 K higher

than the water or acid dew-point of the gases.

A.1.2.2 Fi

Iter

The filter is needed to remove the particulate matter, in order to protect the sampling system and the

| be heated

ana]yser, The filter shall be made of ceramic _horasilicate gl;mc or sintered metal The filter sha

above the 3
2 um is reg
manufactur

The temper]
dew-point y

A.1.2.3 S3

The sampli
above the
should be

%
selected lin|

pump used.

Al124 M

The moistu
be sufficien
separation
required fo

A1.2,5 S3

A sampling
may be a di
constructec
the analyse
risk of phys
analytical u

For the hot
20 K above

vater or acid dew-point whichever is the higher. A filter that retains particlesig
ommended. The size of the filter shall be determined from the sample flow requi
er's data on the flow rate per unit area.

ature of the sampling probe and the filter needs to be 10 K to 20 K highebthan the w
vhichever is higher.

mpling line

g line shall be made of PTFE, PFA or stainless steel. The lin€s shall be operated at ]
w-point of condensable substances (generally the wateror'acid dew-point). The tul
propriately sized to provide a flow rate that meets-the requirements of the analy
length and the degree of pressure drop in the line<as'well as the performance of tl

joisture removal system (Sample cooler orpermeation dryer)

e removal system shall be used to sepatate water vapour from the flue gas. The dew
tly below the ambient temperature.to ensure that ambient air temperatures do nd

" the volume of gas being sampled/and the amount of water vapour that it contains.

mpling pump (corrosion-resistant)

pump is used to withdaw a continuous sample from the duct through the sampling s
hphragm pump, a i€tal bellows pump, an ejector pump, or other pump types. The pu
| of corrosion-resistant material. The performance of the pump shall be such that it
- with the gas)flow required. In order to reduce the transport time in the measuring
icochemicdbtransformation of the sample, the gas flow can be greater than that reqy
nits and'should be pulseless to ensure constant and even flow.

weft extractive system (A.1.3), the pump shall be operated at a minimum of 180 °Q

reater than
red and the

ater or acid

0Kto20K
be diameter
sers, under
e sampling

' point shall
t affect the

bf water from the gases. A cooling temperature of 2 °C to 5 °C is suggested. Sufficient cooling is

ystem. This
mp shall be
can supply
line and the
ired for the

,or 10 K to

fheowater or acid dew-point of the gases.

A.1.2.6 Secondary filter

The secondary filter is needed to remove the remaining particulate material, in order to protect the pump
and the analyser. A filter that retains particles greater than 1 um is recommended. Acceptable materials are
PTFE, borosilicate glass or sintered metals. The size of the filter shall be determined from the sample flow
required and the manufacturer's data on the flow rate per unit area.

A.1.2.7 Flow controller and flow meter
The flow controller and flow meter are used to set the required flow rate. They shall be constructed of
corrosion resistant material.
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When analysers with a hot sample cell are used, the automated measuring system as shown in Figure A.2 is
often applied.

In addition to the cold-dry extractive system, there are automated measuring systems for SO, measurement
that ensure the sample gas remains above the water and acid dew-points (or dew-point of other condensable
substances) to avoid losses of SO,. In this case, the system can be simplified. It is important that all the
components carrying the sample gas to the analyser are also heated above water and acid dew-points.

1 2

]

samplin|
particle

(5)
>

] 4

o probe, heated (if necessary)
filter (in-stack or out-stack)

zero andl span gas inlet

1

2

3

4  heated s
5 samplin
6

analyse

A.1.4 Dil

ampling line
o pump, heated
with heated sample cell

Figure A.2 — Example of a diagram ofhot-wet type of optical measuring systemn

ition extractive system

The dilutio

The dilutiop ratio shall be chdsen according to the objectives of the measurement and shall be
with the rapge of the analytical unit. It shall remain constant throughout the period of the test,
calibration frequency ofthe’measurement unit depends, among other things, on the stability of
ratio. The water dew-peint shall be reduced so as to reduce the risks of condensation in the gas

system. Thg

Many typed of .deVices are suitable for use in dilution systems, such as:

technique is an alternative‘to hot gas monitoring or sample gas drying. The flue g4
with a dilutfion gas which shall be ffee from the species being measured[1l.

ok

measured values always refer to the wet gas.

— flow meters by volume or mass;

— pressure and/or flow regulators;

An example of diagram of the dilution probe is shown in Figure A.3.

s is diluted

compatible
because the
the dilution
monitoring

Dilution ratios are dependent upon changes in the flue gas density. Changes in the flue gas temperature,
molecular weight and total stack pressure can affect the ratio and resultant concentration measurements
and should be recorded.
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2
1
o
1
Key
1  fluegas
2 dilution|probe
3 sample gas (Q,: flow rate)
4  particleffilter
5  critical ¢rifice
6  vacuum|gauge
7 dilution|air (Q;: flow rate)
8  diluted $ample gas (Q; + Q,: flow rate of sample gas)
Figure A.3|— Example of a diagram of dilution extractive type (details of the dilution probe given on
the right-hand side

NOTE The dilution ratio is calculated according to formula (Q; + @,)/Q,. The original source con

calculated b

A.2 Mea

A.2.1 Infi

A2.1.1 G¢

The non-dis

' multiplying dilution ratien/by measured concentration.

suring principles of analysers
rared absorption technique

bneral

centration is

pnrcivn inFr:\rnd abcnrptinn mnf]'\nd 1S b:\cnd onthe prinr‘i}"\]n that gases r‘nncicting d

f molecules

with different atoms absorb infrared radiation at a unique wavelength. The measurement technique makes
use of the principle as follows:

A.2.1.2 Dual beam method

The radiation emitted from an IR source is divided into two beams and then modulated, one beam passing
through the sample cell and the other through the reference cell containing an IR inactive gas, usually
nitrogen. If the sample gas contains SO,, some of the IR energy is absorbed and the difference in IR energy
reaching the detector is proportional to the amount of SO, present. The detector is designed so that it is
only sensitive to the SO,-specific wavelengths. An example of diagram of a dual-beam type NDIR analyser is
shown in Figure A.4.

© IS0 2024 - All rights reserved

14


https://standardsiso.com/api/?name=e118f93856350bacd7f4142bacb674b4

ISO 7935:2024(en)

3
4
1 2 6 7 t--1 8
5
Key
1 IR sourde 5 reference cell
2 choppelf motor 6  detector
3 chopper wheel 7  electronics
4  sample fell 8 display

Figure A.4 — Example of a diagram of a dual-beanitype NDIR analyser

A.2.1.3 Sipgle beam method
There are af least three types of single beam methods:

— Useofipterference filters, with one filter at the abSorption band for the gas being measured apd the other
filter af the reference wavelength. The gas coricentration is then a function of the ratio of the measured
and reference wavelengths. A tuneable filter with varying band pass wavelength may be employed
instead of multiple filters.

— In the gas filter correlation method\the measurement interference filter is replaced with fa gas filter;
otherwjise the method is similar to)above. The analyser consists of the gas correlation filtery, which are
compoged of the sample gas filtér filled with a high level of the measurand gas including $0O, and the
referenfce gas filter filled with fhe correlation zero gas (N,), and the chopper wheel. After the iptroduction
of the §ample gas into thé-sample cell, the gas correlation filters and the chopper wheel [are rotated
constantly. The gas analyser measures the differential IR absorption of a beam which alternatjvely passes
through the sample/gas filter and the reference gas filter. This gives better sensitivity and feduction of
cross-sensitivity.effects. An example of diagram of gas filter correlation type NDIR analyser|is shown in

Figure A.5.
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so, | N,
o]
Z
IR sourde 8  mirror
gas corrlation filter 9  sample cell
sample pas filter 10 detector
referende gas filter 11 amplifier
choppei wheel 12 sample'gas inlet
choppelt motor 13 output signals

optical filter
Figure A.5 — Diagram of gas filter correlation type NDIR analyser

Cross-hodulation type non-dispersive ‘infrared analyser detects the difference of infrared| absorption
caused|by alternatively introducing the sample gas and the gas for reference (e.g. air with SO,, etc.
removed) to the measurement celxThe difference measured is the level due to the measufand and in
this waly the effect of interfering components are removed. An example of diagram of cross{modulation
type NDIR analyser is shownin-Figure A.6.
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1 IR sourg
2 sample
3  partfor
4  solenoic
5 sample
6

A.2.1.4 Fq

In a two-be
and directe
of the light
made to md

ISO 7935:2024(en)

e

Cell

detection (optical filter and detector)
valve

bas

gas for fleference

are reflecte

Figure A.6 — Diagram of cross-modulationtype NDIR analyser

urier transform infrared spectroscopy

am interferometer typically used for FTIR,the light emitted from infrared source i§ collimated
d to a beam splitter. Part of the light passes through the beam splitter to a mirror, :
s reflected to another mirror. Depending on the interferometer design, one or more
ve, and as a result the beams will:have travelled over different distances. When the
d back to the beam splitter, there will be a phase difference between them. The com
beam exitig the interferometer will have varying intensity as a function of the optical pat
(mirror pogjition). This varying intensity:signal is called the interferogram and it is linked to the
spectrum Hy the Fourier transformation. The spectrum is obtained in an FTIR instrument b
the interferjogram, applying sonre, digital signal processing to it (apodization, filtering, phase
and computing its inverse Foufier transformation. The spectrum obtained is evaluated against
library spedtra to derive theCepncentration of the gaseous species of interest (SO,). An example o
Fourier tranpsform infrared analyser is shown in Figure A.7.

ind the rest
mirrors are
two beams
ined output
difference
wavelength
y recording
correction)
established
Fdiagram of
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Key
1 IR sourde
2 beam splitter (half-silvered mirror)
3 fixed mirror
4 movingmirror
5 sample fell
6  detectot
Figure A.7 — Example of a diagram of Fourier transform infrared analyser
A.2.1.5 Laser spectroscopic technique or tuhable laser spectroscopy

An infrared
Spectroscoj
with a long
the stack a
point, incre
for spectra
conditionin

A.2.2 Ul

The non-dis
with differ(

ISO 7935:2024(en)

B system. The dntegrity of the sample is maintained.

laser spectroscopic technique named OF-CEAS (Optical Feedback Cavity Enhanced

pathlength. An in situ,probe uses the low pressure sampling technique to sampl
hd reduce the pressure:~The lowered pressure has several effects: lowers the gas
pses the gas transpeort/speed in the line (around 20 times), reduce the gas band self]
resolution. Threugh the self-heated line at 80 °C, the gas is driven to the analyser Y

ravioletabsorption technique

persiveultraviolet absorption method is based on the principle that gases consisting g

Absorption

py) is applied to analysing fiSO, in flue gas. This is a high resolution spectroscopic technique

e the gas in
sample dew
broadening
without any

fmolecules
ultraviolet

et.atoms absorb ultraviolet radiation at a unique wavelength. The non-dispersive
ceaodacecribhad 10 A D 1

(NDUV) mekth

Adcyicathn coman s At 1o oo 1
LITUUS UOSUTU LU1Iv S5dIl1Ic lJl lllbl}}lba do LIIUOSU ULOLTIUOCU TIT I 4. 1.

The NDUV analyser typically consists of the following principal components:

optical

light source (deuterium arc lamp, high pressure mercury lamp and others);

and/or gas filters;

measurement cell;
photodetector;

calibration cell to be used for QC drift check.
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A.2.3 Ultraviolet fluorescence technique

Fluorescence is a photoluminescent process in which light energy is absorbed at one wavelength and emitted
at a different wavelength. The fluorescence process of SO, can be expressed as

SO, + hv (210 nm)— SO,* (excited molecule) — SO, + hv’ (240 nm to 410 nm)

To use this phenomenon to measure SO, concentrations, a sample gas is irradiated with light in the UV in
the range of 210 nm, and the emitted longer-wavelength fluorescent radiation, is measured. Commercially
available SO, fluorescence analysers have been developed to measure at ambient level and source level
concentrations. A typical configuration is shown in Figure A.8. Here, the light from either a continuous or
pulsed ultraviolet light source is filtered to a narrow region, centred near 210 nm. The fluorescent radiation
is measured at right angles to the exciting radiation, using a photomultiplier tube or other detector. A band-
pass filter ip then used to select a portion of the fluorescent radiation for measurement in thé,nange of 310
nm to 370 rjm, because interferences can occur over the range of the fluorescence emission-specfrum.

1

3
Key
1 sample gasin
2 fluoresgent chamber
3 ultraviojet light source
4  partof detection (a band-pass filter and{photomultiplier tube or other detector)
5  electrortics
6  sample gas out

Figure A:8 — Example of a diagram of UV fluorescence analyser

The applicdtion of this(technique to ambient or source monitoring requires attention to the phenomenon

; Hrocarbons,
0 minimize
escribed in
plany system

a.lx 2 2
apphcatlons in the Unlted States to meet the requirements of the A01d Rain Program 171,
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Annex B
(informative)

In situ SO, measurement systems

B.1 Measuring principle based on in situ SO, measurement with DOAS technique

B.1.1 Ge

eral

An examplg
unconditior
For the cort
SO, concen

NOTE A

B.1.2 Difi

The analys§
the stack in
The spectr
absorption

By dividing
gaseous po
that cause
which caus

Now all thz:
compared V

this calculation being the basis for the calculation of the concentration of the compound(s). Th

spectrum c

Typical meg

B.2 Insi

B.2.1 General

The in situ
opposite ed

ferential optical absorption spectroscopy

br with a high-pressure xenon lamp measures the total absorption spectrum of thg

im is divided by a ‘zero’ or system reference spectrum, recorded under condition
for the measurement gases is present.

of an in situ DOAS is shown overleaf. The analysis principle is based upon_ theas
ed SO, in the stream. SO, levels are determined by direct measurement with)a’DO4
ection to dry standard conditions it is recommended to measure water vapéur toget}
ration.

nalysers based on NDIR, FTIR and NDUV principles are also offered for in sitth measurements.

the range of 200 nm to 2,000 nm and the data are storéd in the analyser memory

the two spectra, the total light absorption along-the light beam is obtained. This m:
lutants in the gas, but also to dust or variatiens in the light intensity. As it is only gal
rapid or narrowband variations in the absorption spectra, the slow or broadband
P a rise in the gradient, are mathematically removed.

it remains are the rapid (narrowbahd) variations. The obtained spectrum is mat
vith the stored spectrum of the light source. The differential absorption spectrum is

bnsists of a well-balanced/isummation of the reference spectra for the analysis concer]

surement wavelengthused for SO, is around 310 nm.

fu cross duetimeasuring systems

DOAS\measuring system consists of a transmitter and receiver unit. The two units
ch-other directly on the pipe or stack. Figure B.1 shows a typical arrangement

¥

urement of

AS analyser.
ner with the

flue gas in
(computer).
s where no

1y be due to

s molecules
variations,

hematically
calculated,
b calculated
ned.

e mounted
an in situ

measuring system basedomDOASfor 302.
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]

15 16 17
Key
1  transmifter unit 10 stack gas region
2 receiver unit 11 measurement path
3 purging|flanges 12 fibre-eptic cable
4  validatign cell 13 spectrometer
5 three-wpy valve 14 detector
6  pressurg sensor (if the duct has constant conditions, it is 15 electronics

not required)

7  temperdture sensor (if the duct has constant conditions, itis 16 computer
not required)

8  purge gas 17 data

9  purge gis, span gas or zZero gas

Figure B.1 — Example of.a'diagram of an in situ DOAS measuring system

B.2.2 Cormpponents of an in Situ DOAS measuring system (cross duct)

B.2.2.1 Transmitter andreceiver unit

The transnjitter unit ¢ontains a light source such as a xenon lamp and the receiver unit contgins a photo
detector. The light beam is emitted from the lamp located in the transmitter unit. The ultraviolet|light passes
through thq gas and strikes the photo detector in the receiver unit.

B.2.2.2 Opticalwindoew-purge

The purging flanges have two functions. First, the flanges are used to mount the transmitter or receiver unit
on the pipe. Second, the purging flange has a connection port for the purging.

If required by the application, purge gas is applied to keep the windows clean in order to prevent the
contamination of the optical components by the flue gas. The purge medium enters the purging flange and
flows in the direction of the duct, where it is mixed with the flue gas. Instrument air is usually used as a
flange purge gas. The purge flow depends on the conditions and is typically between 20 1/min and 50 I/min.

B.2.2.3 Validation cell

To verify the functionality of the DOAS measuring system, a validation procedure can be conducted regularly.
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One method for validation is to apply an external validation cell, which is permanently mounted in the
optical path between the pipe and the transmitter/receiver unit. An alternative method is to use a gas filled

cell with stable concentration.

During the validation procedure, the validation cell is flushed with test gas or gas filled validation cell is
temporarily moved into the optical path respectively.

The gas concentration required for both methods depends on the optical path length and validation cell, as
well as the measuring range. Typically test gas with a concentration equivalent to 70 % to 90 % of full span

is used.

B.2.2.4 Pressure and temperature sensor

T STtu S tattation, varying gas pressures and gas temperatures i fiue gas may frave an effect

Due to the

on the mea
temperatun
the DOAS m

B.3 Insi

B.3.1 Gemneral

The in situ
transmitteq

Figure B.2 4

fu point measuring systems

A\

burement signal. If the parameters exceed the maximum acceptable variations, pres
e readings can be applied to provide the relevant corrections for gas pressure-ortéen
easuring system.

point measuring system consists of a transceiver unitrand a probe. The beam
| through a short path of sample gas stream and reflectéd by the mirror at the tip 9
hows a typical arrangement of an in situ point measuring system.

)

I o I
6

1 17

a) Filter type: Side view of the probe

18

sure and/or
perature to

is typically
f the probe.
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o — 1
- |13 8
12 — 14
4 | 1
b
7 15
] W D
16 17 18
b) Non-filter type: side view of the probe
Key
1 transceiver unit 10 three-(vay valve
2 probe 11 purge/gas, span gas or zero gas
3 probe fiJters 12 stack gas region
4  probe flpnge 13 measurement cell or cavity
5  mirror 14 spectrometer
6  pressurg sensor (if the duct has constant conditions, it is 15 detector

not required)
7  temperdture sensor (if the duct has constant conditiens, itis 16 electronics
not required)
8  validati¢n cell 17 computer
9  span ga$ or zero gas 18 data

Figure B.2 — Examplé of an in situ DOAS measuring system: Point monitor

B.3.2 Compponents of andn situ DOAS measuring system: Point monitor

B.3.2.1 Instrumenttransceiver

A transceiver is @-device comprising both a transmitter and a receiver. The component of the|instrument

sensing theg reésponse of the measurement cell and generate an electrical signal that corresppnds to the
concentratibn=of the gas hping measured

B.3.2.2 Measurement cell

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

B.3.2.3 Probe filter
A porous ceramic or sintered metal tube or screen minimizes the interference of particulate matter with the

gas measurement. If little effect of particulate matter on the measurement is expected, it is possible to use a
non-filter probe.
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Annex C
(normative)

Operational gases

C.1 General

Several operational gases are required when using this document.

C.2 Zerggas

Zero gas sHall not contain compounds which interfere with the measuring efficiency-of the imstruments.
For all anallysers, pure nitrogen (5,0 grade, with the impurity of components to be measured l¢ss than the
analytical detection limit), purified ambient air or other mixtures of O, and N, shall'be used.

The concenftration of the species of interest within the zero gas shall noteexceed 1,0 % of thg measuring
range used.

C.3 Span gas

Span gas sHall consist of SO, in pure nitrogen or air. It shall have a known concentration with 4 maximum
permissibld expanded uncertainty of 2,0 % of its nominal value traceable to applicable standards. The span
gas concenffration should be about 70 % to 90 % of the upper limit of the selected measuring ranige.

C.4 Reference gas

Reference gas shall consist of SO, in pure-nitrogen or air. It shall have a known concentration with a
maximum germissible expanded uncertainty-of 2,0 % of its nominal value traceable to applicabl¢ standards.
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Annex D
(normative)

Procedures for determination of the performance characteristics

D.1 General

Before any tests are being performed the warm-up time specified by the manufacturer shall be taken into

account. If t

Before dete
the manufa

During the
parameters

surrou

he warm-up time 1S not specified, a minimum ot two hours should be taken.

rmining the performance characteristics of an AMS, the instrument shall be sét'up 2
Cturer’s requirements and according to the procedure detailed in 9.3.

ccording to

test conditions for each individual performance characteristic, theqvalues of thle following

shall be constant within the specified range stated below:

nding temperature *2 °C;

— samplipg pressure *0,2 kPa;

— supply

For the dete
of concentr

NOTE R
sensitivity t
test cell.

D.2 Resy

In order to ¢
input to the
the step pr
less than 1(
correspond
longer one i

For instru
signalis c

NOTE A

of

voltage +1 % of the nominal line voltage (except for the veltage dependence test).

rmination of the various performance characteristics reference gases with a known
htion shall be used.

uncertainty

psponse time, repeatability at zero and at span level, lack-of-fit, cross-sensitivity, zero drift apd span drift,

ambient temperature, sensitivity to electric voltage of in situ systems can be measured wit

onse time

stablish response time, lagtime, rise time and fall time, a step function of the measur
continuous automatic measuring system. Unless otherwise specified in the terms g
bduced by the test facility shall have a rise time (between 10 % and 90 % of the s
% of the averaging time to be applied during the tests. The step change of the test f
to at least 60 %-ofthe measuring range (see Figure D.1). If rise time and fall tim
s to be taken forthe computation of the response time.

ents where transient oscillations occur in approach to the final output signal, the
sidered.as reached when the oscillations fall to within 10 % of the input step.

sighificant difference between the rise time and the fall time indicates memory effects, i.e. d

aresult of m

h an external

and shall be
f reference,
tep change)
acility shall
e differ, the

Final output

bpendence of

basurement on the values of the measurand during previous measurement(s).
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C; value pf the measurand in reference material i
Y; outpult signal obtained by measuring the measurand in reference material i
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tise Tise time
ten  fall tithe
tesp Tespopise time
Figure D.1 — Illustration of the time characteristics of an automated measuring system;
Change of the outputsighal Y (output) after a change of the reference value C (input) as a function of
time ¢

D.3 Repnafnhilify atzero and at span level

D.3.1 General

To determine repeatability at zero and at span level, several measurements are conducted at zero and at a
span concentration according to the procedures in D.3.2 and in D.3.3. Standard deviation and repeatability
are calculated for both series of measurement (zero and span value) according to ISO 9169.

D.3.2 Standard deviation of repeatability in laboratory at zero point

The standard deviation of repeatability at zero point shall be determined by application of a reference
material at the zero point (zero gas). First adjust the zero point of the analyser. Then zero gas shall be applied
to the sample inlet.
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If the standard deviation of repeatability at zero point is determined during the lack-of-fit test, the reference
material at zero concentration applied during the test shall be used.

The measured values of the AMS at zero point shall be determined after application of the reference material
by waiting the time equivalent to one independent reading and then put in a zero gas or go back to flue gas
and then measure zero gas, at least 10 times.

The measured values obtained shall be used to determine the standard deviation of repeatability at zero

point using Formula (D.1):

—\2
5, = % (D.1)

i if standard deviation of repeatability;

x;  ip the ith measured value;
X i the average of the measured values x;;
n if the number of measurements.

The standajrd deviation of repeatability at zero point shall meet the\performance criterion gpecified in
Table 1.

D.3.3 Stapdard deviation of repeatability in laboratory-at span point

The standard deviation of repeatability at span point shal be determined by application of |a reference
material at{the span point (span gas). The span gas shall be applied to the sample inlet. If the standard
deviation of repeatability at span point is determined during the lack-of-fit test, the highest value pfreference
material applied during the test shall be used.

The measured values of the AMS at span pointshall be determined after application of the reference material
by waiting the time equivalent to one indepehdent reading, take a second reading and repeat this, until at
least 10 independent readings have been.obtained on the span gas. The measured signals obtaihed shall be
used to det¢rmine the standard deviation of repeatability at span using Formula (D.1).

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

D.4 LacKk-of-fit (linearity)

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

The test gases shall be applied in an order, which avoids hysteresis effects.

Measure the test gas at each concentration with their accepted value c; at least 3 consecutive measurements,
each averaged over at least one response time.

The residuals e; (lack-of-fit) shall be determined on the basis of a linear regression as described in ISO 9169.
In this test procedure, a regression line is established between the instrument readings of the AMS (x values)
and the test gas values (c values). In the next step, the average x; of AMS readings at each test gas level is
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calculated. Then the deviation (residual) of the average to the corresponding value, X;, estimated by the
regression line is calculated according to Formula (D.2):

e =%

The relative residuals, e;

- X

i’rel »

(D.2)

which is calculated by dividing e; by the upper limit of the lowest measuring

range used shall meet the performance criterion specified in Table 1. If the performance criterion is not met,
the instrument response shall be corrected until the performance criterion is met.

D.5 Zero drift and span drift for performance test

[SO 9169.

The zero an
the 24 h pey

D.6 Zero

Instrument

d span gases should be applied to the AMS at the beginning of the test and-then reapj
iod as described above and should meet the performance criterion spegified in Tabld

drift and span drift for periodical test

adjustments with zero and span gases or with other reference materials shall be ca

least once i the period of unattended operation. Tests for instruments for periodical measuremsg

carried out

The zero an
as for meas
according t

at the beginning of each measurement series.

d span gas or other reference materials shall be used utider the same flow and pressur
urement conditions. For zero and span gas thesample port of the instrument or 4
b the manufacturer's instructions should be used. The deviations between the meas

at the zero point and at the span point and the nominal yaltes shall meet the performance criteri

in Table 1.

D.7 Sens

itivity to ambient temperature, for a change of 20 K in the temperat

range specified by the manufacturer

Determine
by using a
of +1,0 K.

In the case
given order

20°C—

In the case

how the zero and span valutes of the AMS are influenced by changes in ambient t
climatic chamber which_can control ambient temperature from -20 °C to +50 °C, W

bf AMS installedeutdoors, the following temperatures shall be set in the climatic cha
of sequence;

0°C—--=20°C—20°C—-50°C— 20°C.

pf-AMS installed at temperature-controlled locations, the following temperatures sh

distributed
ccording to

blied during
1.
rried out at

nts shall be

b conditions
| procedure
ured values
bn specified

ure

emperature
ithin limits

mber in the

all be set in

the given ol

20°C—-

der of sequence:

5°C—>20°C—40°C— 20°C.

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

Wait at least 6 h between each temperature change in the environmental chamber, to allow the AMS to
equilibrate, before taking further readings.
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Alternatively, it is recommended to monitor the reading from the AMS following each temperature change.
If the instrument stabilizes in less than six hours, then the test laboratory may reduce the equilibration
period. However, objective and verifiable evidence to support this will need to be recorded.

The AMS shall remain switched on when varying the ambient temperature in the environmental chamber.

The deviations between the average reading at each temperature and the average reading at 20 °C shall be
determined. The deviations shall meet the applicable performance criteria specified in Table 1 (Clause 7) for
all temperatures. The test shall be repeated three times at the zero point and three times at the span point.
[f the AMS meets the performance criterion by a factor of two or more for the first test, then any subsequent
repeats (of the three) may be omitted.

The individual readings, averages and deviations at each temperature as well as the maximum deviation at
7Zero point ndat Span pninf shallbe rnpnrhnr]

D.8 Sengitivity to sample gas pressure, for a pressure change of 3 kPa

Determine the influence of variations in sample gas pressure on the response of theyAMS. The dample shall
be nitrogen|containing the measured component at a concentration of between 70 % and 80 % ¢f the upper
limit of the Jowest range.

NOTE The effect of sample gas pressure typically applies to in situ AMS, but not to extractive AMS, since the
sample gas i$ conditioned and typically not subject to significant variations oftemperature and pressurg¢ once within
the analyser.

For evaluatfion of the sensitivity to sample gas pressure of in siti.AMS, usually a temperatur¢-controlled
cell (in mosf cases with a standard length of 1m optical path) is*tised, which is purged with zero|or span gas
and the gas|pressure of the cell can be modified with a connected pump.

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

— the ambient atmospheric pressure;

— approxjmately 3 kPa above ambient atmospheric pressure, within limits of +0,2 kPa;
— approxjmately 3 kPa below ambient atmespheric pressure, within limits of 0,2 kPa.
During the measurement period the temperature shall be held stable to within 1 K.

The measufed signals of the AMS, shall be determined at each pressure by waiting the time equivalent to
one indepepdent reading andchen recording three consecutive individual readings. The thre¢ individual
readings shpll be averaged.

The deviatjons betweefy"the average reading at each pressure and the average reading at the ambient
atmospherig pressure,'shall be determined. The deviations shall meet the applicable performajnce criteria
specified in| Table .

The individual readings, averages and deviations at each pressure as well as the maximum deyiation shall
be reporte

D.9 Influence of the sample gas flow for extractive AMS

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

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

If the manufacturer’s documentation permits only minor tolerances these are binding and shall not be
extended.
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The measured signals of the AMS at the zero point and span point shall be determined at both flow rates by
waiting the time equivalent to one independent reading and then recording three consecutive individual
readings. The three individual readings shall be averaged.

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

This test shall be repeated three times at the zero point and three times at the span point. If the AMS meets
the performance criterion by a factor of two or more for the first test, then any subsequent repeats (of the
three) may be omitted.

The individual readings, averages and the deviations as well as the maximum deviation shall be reported.

The operation of any fault status signal with respect to flow shall be tested at this time.

D.10Sensgitivity to electric voltage

The supply|voltage to the AMS shall be varied, using an isolating transformer, in-Steps of 5 Po from the
ply voltage to at least the upper and the lower limits specified b§i the manufacturer. The
measured sfignals of the AMS at zero point and at span point shall be determinedat each voltage by waiting
ivalent to one independent reading and then recording three cenSecutive individupl readings.
The three ipdividual readings shall be averaged.

After changes in voltage the AMS can need time to stabilize. The deviations between the average reading at
each voltagg and the average reading at the nominal supply voltage shall be determined.

test shall b¢ repeated three times at the zero point and three'times at the span point. If the AMS meets the
performande criterion by a factor of two or more for the firsttest, then any subsequent repeats (¢f the three)
may be omifted.

The deviations shall meet the applicable performance criteriaispecified in Table 1 for all VoEages. This

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

D.11Cross-sensitivity

The influerjce of potentially interfeting substances also present in the flue gas shall be determined by
admitting tpst gas mixtures to the‘input of the complete AMS (upstream of the test gas conditipner, where
present). The gas mixtures shalkbe produced with a mixing system in which an interferent is added to the
gases for zejro point and span peint. The mixing system shall be compliant with national standarfs and shall
have a maxjmum expandeduncertainty of 1 %. Reference materials (e.g. gases) shall be traceablg to national
standards qnd shall have‘ah expanded uncertainty no greater than 2 %.

Interferent$ and their’ concentrations are defined in relation to the measuring principle and the intended
measuremgnt objective. The interferents listed in Table D.1 shall be examined. The interferents shall be
admitted individually.

Test gas without interferent and then with the interferent shall be applied. The measured signals of the AMS
shall be determined for each test gas by waiting the time equivalent to one independent reading and then
recording three consecutive individual readings. The three individual readings shall be averaged.

The deviations between the average reading with and without the interferent present at the zero point and
span point shall be determined for each interferent.

All positive deviations above 0,5 % of the span gas concentration shall be summed and all negative deviations
below -0,5 % of the span gas concentration shall be summed at both the zero point and span point. The
maximum of the absolute values of the four summations shall meet the performance criteria specified in
Table 1.
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The individual readings, averages and deviations at zero point and span point and for all interferents as well
as the maximum deviation shall be reported.

Table D.1 — Concentrations of interferents used during cross-sensitivity tests

D.12 Chec

The losses
gas to the 3
possible) ar

to 80 % of ghe measuring range. Possible impufities in the entire system may lead to memory ef
adsorption jor desorption to or from the surfaces. The system shall meet the performance criter

in Table 1.

D.13 Chec

The sampling system shall bechecked for leaks. The procedure of leak test is as follows:

— assemb

— allow the sample system to warm up to its operating temperature;

— seal thg

Mass or volume concentration
Interferent .
Value Unit
0, 32and 21 %
H,0 30 %
Co 300 mg/m3
Co, 15 %
€7 56 e
N,0 20 mg/m3
(fluidiseclzl-zb%d firing) 100 mg/m3
NH; 20 mg/ih3
NO 300 mg,/m3
NO, 30 mg/m3
HCI 50 mg/m3
(coal-fired pli(\:/\l/er stations) 200 mg/m?
a  Atestwith 3 % oxygen concentration is used instead of a teést without interferent.

k of losses in the sampling line and conditioning system

n the sampling line and conditioning system shall be checked by supplying zero gas and span

nalyser through the sampling system, as close as possible to the nozzle (in front of
d secondly direct to the analyser. The test gas should have an SO, concentration of

k of leakage in the sampling line and conditioning system

le the compléte-sampling system, including charging the filter housing and absorbers

nozzle inlet;

— close tl

1 | L | 4] L)
C HUZZIT dITU SVWILLIT UIT'UIT JUIITp(S],

— after reaching minimum pressure, observe whether the flow meter stays near zero or not.

D.14 Excursion of measurement beam of cross-stack in situ AMS

the filter if
about 70 %

fects due to

ia specified

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

NOTE 1

This test typically applies to cross-stack in situ optical techniques. The test also applies to extractive AMS

with separate transmitter and receiver assemblies. Extractive systems using an in situ analyser are securely mounted

to an optical

bench or rig and hence not subject to this.
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NOTE 2  This testing requires calibration standards (e.g. reference filters) and an optical bench.

NOTE 3  Typically the experimental path length for this test can be from 1 m up to 5 m at least, although the test is
performed at the maximum path length practical.

Deflections shall be carried out for both the position of the zero point and as well as for that of a span point
for approximately 70 % to 90 % of the output range over two typical measurement path lengths. Initially
one deflects the transmitter and records the data. Then resets its position and then one deflects the receiver
and records the variation. These processes are repeated.

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

The efficiency of any manual optical adjustment facilities shall be examined at least in qualitative terms.
Automatic ddjustment processes shall be activated and included in the test.

The measuyed signals obtained for the various test steps shall be included in tabular form-inthe|test report.
These meadured signals shall be paired up with the deflection angles.

The maximpim permissible deflection angles shall be stated within which the AMS.satisfies the plerformance
criterion. I1] the case of automatically aligning AMS, the manner of operation shall be described and verified
by means of test results.
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Annex E
(informative)

Examples of the results for the assessment of SO, AMS — SO,
measurement

The results of performance tests according to performance characteristics of Annex D for the SO,
measurement using cold-dry or hot-wet extractive methods (NDIR, NDUV, TLS, and FTIR) and in situ

|

DIR _NDIIN o A NOACY Sn iz 10 T o1 i A
methOdS (1\ DTG IND OV atttr DO1Y0 - at CgTvCIT T TaoICS Lt CO Lo

NOTE1 Mostof the data listed in the Tables E.1 to E.5 are referred to the results of the performance-ts

NOTE 2  Dpta from performance tests on analysers based UVF were not available at the tinte-pf elabo

sts.

ration of this

document.
Table E.1 + Examples of performance test results for SO, measurement by-using cold-dry|extractive
NDIR methods
Cold extractive
Performange characteristic Performance criterion JOIR-1 NDIR-2 NDIR-3
(ctess-modula- (Double (GFC)
tion) beam)
Typicdl lowest range 75 mg/m3 100 mg/m3 75 mg/m3
Regdponse time <200s 117 s 141s 191s
Standard d¢viation of repeata- | <2 % of the upper limit ofithe low- 0,1 % 0,54 % 0,0 %
bility|at zero point est measuring range used
Standard d¢viation of repeata- | <2 % of the upperlimit of the low- 0,2% 1,6 % 0,0 %
bility|at span point est measuring range used
Liack-of-fit <2 % of the upper limit of the low- 0,8 % 0,88 % 0,62 %
est measuring range used
Zero drift within the period of | <3 % ¢f the upper limit of the low- -1,44 % 1,7 % 0,37 %
unattepded operation est measuring range used
Span drift within the period of <3 % of the upper limit of the low- 1,81 % 2,1% 2,4%
unattended operation est measuring range used
Sensitivity fo ambient tempérg=| <5 % of the upper limit of the low- -2,0% 2,2% 2,0%
ture, for a change of 20 Kéin-the est measuring range used
temperaturg range specified by
the npanufacturer
Sensitivity fo sample gas pres- | <2 % of the upper limit of the low-
sure, for a pressure change of est measuring range used — —
2% DA
Sensitivity to sample gas flow | <2 % of the upper limit of the low- 0,1 % 0,80 % -0,98 %
for extractive AMS est measuring range used
Sensitivity to electric voltage in | <2 % of the upper limit of the low- -1,0 % 0,67 % 0,16 %
the range -15 % below or +10 % est measuring range used
above from the nominal voltage
stated by the manufacturer
Cross-sensitivity <4 % of the upper limit of the low- 3,73 % 3,3% 1,2%

est measuring range used

Excursion of the measurement
beam of cross-stack in situ AMS

<2 % of the measured value of the
lowest measuring range used
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Table E.2 — Examples of performance test results for SO, measurement by using cold-dry extractive

NDUV and low pressure-wet TLS methods

L. L. Cold-dry Low pressure-wet
Performance characteristic Performance criterion
NDUV TLS
Typical lowest range 75 mg/m3 78 mg/m3
Response time <200s 158s 22s
Standard deviation of repeata- | <2 % of the upper limit of the low- 0,13 % 0,0 %
bility at zero point est measuring range used
Standard deviation of repeata- | <2 % of the upper limit of the low- 0,26 % 0,2%
bility at span point est measuring range used
ack-of-fit <2 % of the upper limit of the low- -047 % =097 %
est measuring range used
Zero drift Within the period of | <3 % of the upper limit of the low- 1,9% 07 %
unattepded operation est measuring range used
Span drift yvithin the period of | <3 % of the upper limit of the low- 19% 214 %
unattehded operation est measuring range used
Sensitivity fo ambient tempera- | <5 % of the upper limit of the low- -3,38% -1,7 %
ture, for a change of 20 K in the est measuring range used
temperaturg range specified by
the hanufacturer
Sensitivity[to sample gas pres- | <2 % of the upper limit of the low-
sure, for a pressure change of est measuring range used — —
3 kPa
Sensitivity|to sample gas flow | <2 % of the upper limit of the lows -0,50 % -1,0 %
for ejtractive AMS est measuring range used
Sensitivity fo electric voltage in | <2 % of the upper limit of the.low- -0,50 % 08 %
the range -15 % below or +10 % est measuring range.sed
above from|the nominal voltage
stated by|the manufacturer
Crogs-sensitivity <4 % of the uppérlimit of the low- -3,08 % -1)67 %
est measuging range used
Excursion ¢f the measurement | <2 % of the measured value of the o -
beam of crofs-stack in situ AMS lowestmeasuring range used

Table E.3 +— Examples of performance test results for SO, measurement by using hot-wet fextractive
FTIR methods
Hot-wet extractive
Performang¢e characteristic Performance criterion FTIR
Typicql lowest range FTIR-1 FTIR-2
75 mg/m3 75 ng/m3
Regponse time <200s 120 s 186's
Standard deviation of repeata- | <2 % of the upper limit of the low- 0,0 % 0,1 %
bility at zero point est measuring range used
Standard deviation of repeata- | <2 % of the upper limit of the low- 0,1% 0,5%
bility at span point est measuring range used
Lack-of-fit <2 % of the upper limit of the low- 0,4 % 0,48 %
est measuring range used
Zero drift within the period of | <3 % of the upper limit of the low- 1,9 % -0,8%
unattended operation est measuring range used
Span drift within the period of | <3 % of the upper limit of the low- 1,9 % 2,3%
unattended operation est measuring range used
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