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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.
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the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subjéct of
s. ISO shall not be held responsible for identifying any or all such patént'rights. Detafils of
ights identified during the development of the document will be in the)Introduction aid/or

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an explahation on the meaning of ISO specific terms and expressions related to conformity assessment,

as well as ir
Technical B4

formation about ISO’s adherence to the World TradeOrganization (WTO) principles ip the
rriers to Trade (TBT) see the following URL: wwwiSo.org/iso/foreword.html.

The committee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC 1, Statignary

source emis¢
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Introduction

Selective Catalytic Reduction (SCR) and Selective Non-Catalytic Reduction (SNCR) NOx control systems
are used for emission control of NOy in flue gas from power generation plants, waste incinerators and
others. The NOy reduction technologies require the injection of ammonia (NH3) and/or urea into flue
gas. The SCR system is designed to be operated at unreacted NH3 in flue gas (or remained NH3 in flue
gas) as small as possible (typically below 2 mg/m3 to 4 mg/m3 NH3 concentration) with more than
90 % NOy reduction efficiency. The standardization of a measurement method of NH3 is thus strongly
desired for efficient operation and maintenance of the NOx control systems and for minimization of
environmental impacts due to ammonia and NOy.

© ISO 2016 - All rights reserved v
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Stationary source emissions — Determination of the mass
concentration of ammonia in flue gas — Performance
characteristics of automated measuring systems

1 Scope
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10 mlg (NHzJ/m3, respectively. AMS based on FTIR, NDIR with GFC and TLS has been used
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mmeasurement for ammonia (differential NOy);

gmmonia conversion to, or reaction with NO, fellowed by non-dispersive ultravig
gpectroscopy NOy difference measurement for ammmonia (differential NOy);

non-dispersive infrared (NDIR) spectroscopy with gas filter correlation (GFC);

International Standard specifies the fundamental structure and the most important
sions, for example, combustion plants where SNCR/SCR NOy control systems (deNOy §

cribes methods and equipment to determine NH3 in flue gases including,the'sampling
le gas conditioning system.

International Standard describes extractive systems, based on difect and indirect m
ods, and in situ systems, based on direct measurement methods; in connection wit
rsers that operate using, for example, the following principles:

ymmonia conversion to, or reaction with NO, followed by)chemiluminescence (CL) NQ

Fourier transform infrared (FTIR) spectroscopy;

uneable laser spectroscopy (TLS):

method allows continuous monitoring with permanently installed measuring syst
sions, and is applicable toameasurements of NH3 in dry or wet flue gases, for process
term monitoring of the performance of deNOy systems and/or emission monitoring.

r equivalent instrumental methods can be used, provided they meet the minimum r¢
psed in this International Standard. The measuring system can be calibrated with cer
rordance with¢this International Standard, or comparable methods.

lifferentjal\NOy technique using CL has been successfully tested on some power plant
concentration and NH3 concentration in flue gas after deNOy systems are up to 50 mg (|

scapplication for measuring ranges as low as 10 mg (NH3)/m3.

erformance

hcteristics of automated measuring systems for ammonia (NH3) to be used on stationary source

ystems) are
urthermore,
system and

easurement
h a range of

x difference

let (NDUV)

ems of NHj3
monitoring,

pquirements
tified gases,

s where the
NO)/m3 and
successfully

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 9169, Air quality — Definition and determination of performance characteristics of an automatic
measuring system

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

ISO 20988, Air quality — Guidelines for estimating measurement uncertainty
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and definitions

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

31
analyser

analytical part in an extractive or in situ AMS (3.3)

[SOURCE: IS

3.2
automated
AMS
measuring
proportiona

Note 1 to ent
stack to cont

[SOURCE: I§

3.3
in situ AMS
non-extract

Note 1 to ent

3.4

calibration
procedure fi
by the auton
of measurer

3.5
efficiency d
efficiency of

3.6
efficiency ¢
efficiency of

3.7
influence q
quantity th4

[SOURCE: IS
3.8

012039:2001, 3.3]

measuring system

Kystem interacting with the flue gas under investigation, returning an output s
1 to the physical unit of the measurand (3.11) in unattended operation

nuously or intermittently measure the mass concentration of NH3 passing through the duct.

0 9169:2006, 2.1.2, modified.]

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

of an automated measuring system

br establishing the statistical relationship between values of the measurand (3.11) indi
nated measuring system (3.2) and the corresponding values given by an independent mq
hent implemented simultaneously at thé.same measuring point

fNH3/NO
a converter which oxidizes NHz to NO

f NH3/N2
a converter which@educes NHs to Ny

pantity
tis not the'\measurand (3.11) but that affects the result of the measurement

0/IEC;Guide 98-3:2008, B.2.10]

ry: In situ systems measure either across the stack or duct orvat a point within the duct or stack.

ignal

ry: In the sense of this International Standard, an AMS is a system that can be attached to a djict or

<

rated
thod

interference

cross-sensi

tivity

negative or positive effect upon the response of the measuring system, due to a component of the

sample that

39
interferent
interfering

is not the measurand (3.11)

substance

substance present in the air mass under investigation, other than the measurand (3.11), that affects the

response

[SOURCE: IS

09169:2006, 2.1.12]
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3.10

lack-of-fit

systematic deviation within the range of application between the measurement results obtained
by applying the calibration function to the observed response of the measuring system, measuring
reference materials (3.16) and the corresponding accepted value of such reference materials

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

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

[SOURCE: IS0 9169:2006, 2.2.9, modified.]

3.11
measurand
particular quantity subject to measurement

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.9, modified.]

3.12
NO2/NO converter efficiency
efficlency with which the converter unit of a NOx analyser reduces NOg to NO

3.13
performance characteristic
one ¢f the quantities assigned to equipment in order to define its performance

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

3.14
peripd of unattended operation
maximum interval of time for which the performance characteristics (3.13) remain within q predefined
rangg without external servicing, e.g. refill, adjustment

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

3.15
reference gas
gasepus mixture of stable composition used to calibrate the measuring system and which(is traceable
to national or interpational standards

3.16
reference material
RM
substante or mixture of substances with a known concentration within specified limits, of a device of
knowi‘characteristics

Note 1 to entry: Normally used are calibration gases, gas cells, gratings, or filters.
[SOURCE: ISO 14385-1:2014, 3.20]

3.17

reference method

measurement method taken as a reference by convention, which gives the accepted reference value of
the measurand (3.11)

3.18

transport time in the measuring system

time period for transportation of the sampled gas from the inlet of the probe to the inlet of the
measurement instrument

© IS0 2016 - All rights reserved 3
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3.19
response time

time interval between the instant when a stimulus is subjected to a specified abrupt change and the
instant when the response reaches and remains within specified limits around its final stable value,

determined as the sum of the lag time and the rise time in the rising mode, and the sum of the lag time
and the fall time in the falling mode

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

[SOURCE: IS0 9169:2006, 2.2.4]

3.20

span gas

gas or gas |mixture used to adjust and check the span point (3.21) on the response line* of the
measuring §ystem

Note 1 to entty: This concentration is often chosen around 70 % to 80 % of full scale.

3.21

span point

value of the output quantity (measured signal) of the automated measuring system (3.2) for the puypose
of calibratipn, adjustment, etc. that represents a correct measured yalue generated by reference
material (3.16)

3.22

standard upcertainty

uncertainty [3.23) of the result of a measurement expressed asga standard deviation

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

3.23

uncertainty (of measurement)

parameter, associated with the result of a measurement, that characterizes the dispersion of the values
that could r¢asonably be attributed to the meastirand (3.11)

[SOURCE: ISO/IEC Guide 98-3:2008, 2.2,3]

3.24

validation ¢f an automated measuring system

procedure tp check the statistiCal Telationship between values of the measurand (3.11) indicated by the
automated measuring system~3.2) and the corresponding values given by an independent methpd of
measurement implemented simultaneously at the same measuring point

3.25

Zero gas

gas or gas mixture used to establish the zero point (3.26) on a calibration curve within a given

concentrati(i)n range

[SOURCE: ISO 12039:2001, 3.4.2]

3.26
zero point

specified value of the output quantity (measured signal) of the AMS (3.2) and which, in the absence of

the measured component, represents the zero crossing of the calibration line

4 © IS0 2016 - All rights reserved
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4 Symbols and abbreviated terms

ej Residual (lack-of-fit) at level i

k Coverage factor

n Number of measurements

Sr Standard deviation of repeatability

u(y, " ) Combined uncertainty of NH3 mass concentration

Uy, H, ) Expanded uncertainty of NH3 mass concentration

M. Molar mass of NH3 (=17,031 g/mol)

m Molar volume (22,4 1/mol)

¢NH3 Volume fraction of NHg

Y NH NH3 mass concentration in mg/m3

vs NH3 mass concentration at standard conditions ifmg/m3 (273,15 K; 101,325 K

Y EHg mass concentration at reference conditjons in mg/m3 (273,15 K; 101,325
20 corrected)

X Average of the measured values x;

Xj ith measured value

"71' Average of the measuredvalue at level i

)}i Value estimated by.the regression line at level i

AMS Automated measuring system

CL Chemiluminescence

FTIR Fouriertransform infrared

GFC Gas filter correlation

NDIR Non-dispersive infrared

NDUV Non-dispersive ultraviolet

QA Quality assurance

QC Quality control

SCR Selective catalytic reduction

SNCR Selective non-catalytic reduction

TLS Tuneable laser spectroscopy

© ISO 2016 - All rights reserved
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5 Principle

This International Standard describes automated measurement systems for sampling, sample
conditioning, and determining NH3 content in flue gas using instrumental methods (analysers).

There are two types of automated measuring systems:

extracti

ve systems;

in situ systems.

With extractive systems, the representative gas sample is taken from the stack with a sampling probe

and conveyd

In situ syst
representat

The system
methods tha

6 Descri

6.1 Samp

Since ammo
loss of samy
sample tran

The details
systems are

6.2 Analy

Examples of
and NDUV t

Instrument;s
Clause 7.

7 Perfor

7.1 Perfo
Table 1 giy

d to the analyser through the sampling line and sample gas conditioning system.

ems do not require any sample processing. For the installation of these, syster
ve place in the stack is to be chosen.

5 described in this International Standard measure NH3 concentration using instrum

it shall meet the minimum performance specifications given.

ption of the automated measuring systems

ling and sample gas conditioning systems

nia (NH3) is condensable and highly reactive componéiit, there are many opportunitig
le integrity due to condensation, deposition or otlrer loss of ammonium compounds i
Sport system.

described in Annex A, Annex B, and Annex'C.

'ser equipment

echnique), Annex B (FTIR afid NDIR with GFC technique) and Annex C (TLS technique)

that use these technigues shall meet the performance characteristics as describ

mance characteristics

rmanece criteria

Fes. the performance characteristics and performance criteria of the analyser

s for
n the

of the sampling and sample gas conditioning systems for each of automated measyiring

the typical analytical methods,available are described in Annex A (NO/NOy CL techipique

bd in

and

ht Suctam +0 ho augaliiarnd A g gnpmnral aefon oo oamnanc Af oot g

measureme

+ o L ON
e J]JL\,III LU UL L vdarudalLu uul 1116 6\411\,! ar Pbl TUT TIITUAIICC \—\'JL’ Ll_y ITICAITO Ul Ull6\.llll6 \{

\/QC

in the laboratory and during field operation. Test procedures for the performance test are specified in

Annex E.
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Table 1 — Main performance characteristics and criteria of AMS for measurement of ammonia

Performance characteristic Performance criterion Test procedure
Response time <400 sa E.2
<900 sb
Standard deviation of repeatability in <2 % of the upper limit of the lowest E.3.2
laboratory at zero point measuring range used
Standard deviation of repeatability (NH3) in |<2 % of the upper limit of the lowest E.3.3
laboratory at span point measuring range used
Lack-of-fit < #2 % of the upper limit of the lowest E4
meastringrange-used
Zero|drift within 24 h < 2 % of the upper limit of the lowest E.10
measuring range used
Spar] drift within 24 h < 2 % of the upper limit of the lowest E.10
measuring range used
Sensjitivity to sample gas pressure, for a < +3 % of the upper limit of the lowest E.13
prespure change of 2 kPa measuring range used
Zero|drift within the period of unattended |< +3 % of the upper limit of thelowest E11
operption measuring range used
Spar] drift within the period of unattended |< +3 % of the upper limit'of the lowest E11
operption measuring range used
Sensijitivity to ambient temperature, for a < 3 % of the upper limit of the lowest E.14
change of 10 K in the temperature range measuring range.used
specffied by the manufacturer
Sensiitivity to electric voltage in the voltage |<+2 % of the.upper limit of the lowest E.15
range specified by the manufacturer measuring range used per 10 V¢
Crosp-sensitivity <4 % of the upper limit of the lowest E.5
measuring range used
NO2fNO converter efficiency, if applicable =95 % E.6
NH3/NO converter efficiency, if applicabte: [=90 % E7
NH3/N> converter efficiency, if applicable 295 % E7
Lossks and leakage in the samplingline and |<2 % of the measured value E.8 for losses and
conditioning system E.O fpr leakage
Excursion of the measuremernt’beam of <2 % of the measured value of the lowest E.12
crosg-stack in situ AMS measuring range used
a  Hor emission monjtering from deNOy systems.
b Hor long term menitoring of changes in the deNOy systems, especially the reduction of catalyst activity.
¢ Ih the case®©fa'nominal supply voltage of 200 V.
The measutring range is defined by two values of the measurand, or quantity to be supplied, within

whichd&he'limits of uncertainty of the measuring instrument are specified. The upper limit ¢f the lowest
measmﬂg—mrgemmmm-wﬁmﬁmﬁmm&mtmemret)t values lie

within 20 % to 80 % of the measuring range.

7.2 Determination of the performance characteristics

7.2.1 Performance test

The performance characteristics of the AMS shall be determined during the general 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 described in

Annex E.

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

© ISO 2016 - All rights reserved
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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 general performance
test and shall meet the level of uncertainty appropriate for the intended use.

7.2.2 Ongoing quality control

The user shall check specific performance characteristics during ongoing operation of the measuring
system with a periodicity specified in Table 2.

The measurement uncertainty during field application shall be determined by the user of the measuring
system in accordance with applicable international or national standards. For process monitoring (non-
regulatory &pplication], the level of uncertainty shall be appropriate for the intended use. It.cdn be
determined|by a direct or an indirect approach for uncertainty estimation as described in 1S©,2(988.
The uncertdinty of the measured values under field operation is not only influenced by the performance
characteristics of the analyser itself but also by uncertainty contributions due to

— the samfpling line and conditioning system,
— the sitespecific conditions, and

— the calibration gases used.

8 Measurement procedure

8.1 Genefal
The AMS shall be operated according to the manufacturers instructions.
The QA/QC procedures specified in Clause 9 shall be strictly observed.

During the measurement, the ambient conditions should be in the ranges applied during the general
performancg test.

8.2 Choige of the measuring system

To choose af appropriate analyser, §ajtipling line and conditioning unit, the following characteristjcs of
flue gases should be known beforethe field operation:

— ambient temperature range;
— tempergture of the flue gas;
— water vapour content of the flue gas;

— dust load ofithe flue gas;

— expected concentration range of NH3;
— expected concentration of potentially interfering substances.

To avoid long response times 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 dustloading 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[3] and I1SO 14385-2.[4]

8 © IS0 2016 - All rights reserved
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8.3 Sampling

8.3.1 Sampling location

The sampling location shall be an available space for the sampling equipment, analyser and possible
sampling platform requirements and construction, making a representative emission measurement
possible and is suitable for the measurement task. In addition, the sampling location shall be chosen

with regard to safety of the personnel, accessibility and availability of electrical power.

8.3.2 Sampling point(s)

It is |necessary to ensure that the gas concentrations measured are representative of
condjfitions inside the flue gas duct. Therefore, the sampling points shall be selected“to
repre¢sentative sampling.

NOTH The selection of sampling points for representative sampling is described, erg.'in ISO 103
stratification, fluctuations in gas velocity, temperature and others are mentioned.

8.4 | Data collection

The yalues measured with the calibrated AMS at operating condjtion’s of the flue gas shall
by an internal or external data logging system and averaged in@accordance with the measu

The yolume content of water vapour in the flue gas (if necessary) should also be measure

the average
allow for a

D6, where gas

be recorded
rement task.

d in parallel

and gveraged over the sampling period of the NH3 measuteiment to express the NH3 concentrations for

dry fllue gas conditions.

8.5 | Calculation
Resullts of the measurement shall be expressed as mass concentrations at reference conditi

If th¢ NH3 concentration is provided as'a volume concentration, Formula (1) shall be use
voluine fraction of NH3 (10-6), ¢NH3 ,t@ NH3 mass concentrations, yNH3 :

C

INH, = Nn, E

wherte

is thé€ NH3 mass concentration in mg/ms3;
NH
3

NH4

issthe volume fraction of NH3 (by volume, 10-6);
Lc is the molar mass of NH3 (=17,031 g/mol);

pns.

1l to convert

e8]

Vm is the molar volume (=22,4 1/mol).

The NH3 concentration measured in the wet gas shall be corrected to the NH3 concentration at standard

conditions, using Formula (2):

~ t 101,325
s T 7NH3 57375 101,325+ p

4

© ISO 2016 - All rights reserved
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where
y is the NH3 mass concentration measured in the wet gas (mg/m3);
NH
3
y is the NH3 mass concentration at standard conditions in mg/m3 (273,15 K; 101,325 kPa);
S
t is the temperature (K);
p is the difference between the static pressure of the sample gas and the standard pressure (kPa).
If necessary. the NHz concentration measured in the wet gas should be corrected to the NHj
concentratiin at reference conditions, using Formula (3):
t 101,325 100%
YR TVNH, ' ' (3)
3 273,15 101,325+p 100% —h
where
is the NH3 mass concentration measured in the wet gas (mg/m3);
YNH,
is the NH3 mass concentration at reference conditions in mg/m3¢273,15 K; 101,325 kPa; 04 and
VR H70 corrected);
is the temperature (K);
p is the difference between the static pressure of the sample gas and the standard pressure (kPj);
h is the absolute water vapour content (by volume) (%).
9 Quality assurance and quality control procedures
9.1 Genefal
Quality assyrance and quality control (QA/QC) are important in order to ensure that the uncertainty of
the measurgd values for NH3z is kept within the limits specified for the measurement task.
9.2 Frequency of checks
AMS shall be adjusted and chiecked after the installation and then during continuous operation. Table 2
shows the nhinimum required test procedures and frequency of checks. The user shall implement the
relevant prqcedures for_determination of performance characteristics or procedures described in this
subclause apd AnnexE,'The results of the QA/QC procedures shall be documented.
Table 2 — Minimum checks and minimum frequency of checks for QA/QC during the operation
Check Minimum Irequency Test procedure
Response time Once a year E.2
Standard deviation of repeatability at zero |Once a year E.3.2
point
Standard deviation of repeatability (NH3) at |Once a year E.3.3
span point
Lack-of-fit Once a year E4
Sampling system and leakage check Once a year E.8,E9
Beam alignment (in situ AMS only) Once a year E.12
Light intensity attenuation through Continuous basically According to
cleanliness and dust load (in situ AMS only) manufacturer’s
requirements

10
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Table 2 (continued)

Check Minimum frequency Test procedure
Cleaning or changing of particulate filters at | The particulate filters shall be changed According to
the sampling inlet and at the monitor inlet |periodically depending on the dust load at manufacturer’s
the sampling site. During this filter change, requirements
the filter housing shall be cleaned.
NO2/NO converter efficiency (if applicable) |According to manufacturer’s E.6
recommendations
NH3/N37 converter efficiency (if applicable) |According to manufacturer’s E7
recommendations
NH3/NO converter efficiency (if applicable) |According to manufacturers’ E7
recommendations
Zero|drift Once in the period of unattended operation E.11
or period specified by national standard
Sparn drift Once in the period of unattended operation E.11
or period specified by national standard
Regylar maintenance of the analyser According to manufacturer’s Accprding to
recommendations manyfacturer’s
requirements
Calihration and validation of the analyser According to national printernational 9.3
standards

The [user shall implement a procedure to guarantee that the reference materials usgd meet the
unceftainty requirement specified in Annex D, e.g. by camparison with a reference gas of higher quality.

9.3 | Calibration, validation and measurement uncertainty

Permanently installed AMS for continuous monitoring shall be calibrated and validated by|comparison
with|an independent method of measurement. The validation shall include the determination of the
unceftainty of the measured values obtdined by the calibrated AMS.

The AMS shall be subject to adjustments and functional tests according to 9.2 before each calibration
and yalidation.

The ¢alibration and validation/of the AMS shall be performed at regular intervals and after repair of the
analyser in accordance with applicable national or international standards.

The yincertainty of measured values obtained by permanently installed AMS for continuoug§ monitoring
shalll be determired’by comparison measurements with an independent method of measurement as
part|of the calibration and validation of the AMS. This ensures that the measurement urncertainty is
representative.of the application at the specific plant.

NOTH The determination of the uncertainty of measured values obtained by permanently instplled AMS for
contipuoiis monitoring on the basis of a comparison with an independent method of measurement|is described,
e.g. in [SO 20988.

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

10 Test report

The test report shall be in accordance with international or national regulations. If not specified
otherwise, it shall include at least the following information:

a) areference to this International Standard, i.e. ISO 17179;

b) adescription of the measurement objective;

© IS0 2016 - All rights reserved 11
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the principle of gas sampling;
an information about the analyser and description of the sampling and conditioning line;

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

the operating range;

the sample gas temperature, sample gas pressure and optical path length through an optical cell (it
is needed for only in situ measurement);

the detdils of the quality and the concentration of the span gases used,
a description of plant and process;

the identification of the sampling plane;

the actipns taken to achieve representative samples;

a descr:Etion of the location of the sampling point(s) in the sampling plane;

a description of the operating conditions of the plant process;
the changes in the plant operations during sampling;

the sampling date, time and duration;

the tim¢ averaging on relevant periods;

the medsured values;

the medsurement uncertainty;

the resylts of any checks;

any devjiations from this International.Standard.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=57761b87775894ab59548c5c340dd730

A1l

IS0 17179:2016(E)

Annex A
(informative)

Extractive differential NOxy measurement technique

Measuring principle based on differential NOy technique

The :
to N(
from|

The {
a)
b) ¢

As aif
oral

Amn|
with
betw

A2

A2,

inalysis principle is based upon a differential NOyx technique; whereby NH3 in flue gds
or N before the gas is entering an NO/NOy analyser and the NH3 signal is obtained H
a separate, total NOy measurement.

ollowing conversions are possible:
onversion of NH3 to N2: measurement of difference between NOy and {NOx — NH3);
onversion of NH3 to NO: measurement of difference between NOy and (NOy + NH3).

I analyser for NO, a chemiluminescence (CL) analyser, a non-dispersive ultraviolet (ND{
other suitable NO analyser can be used.

lonia levels are determined by comparing the NH3 4:NOy measurement with a NOx m
put NH3 conversion conducted in parallel. Ammonia,concentration is determined by tH
een the measurement values.

Description of the automated measuring system

| General

A representative volume of flue gas is extracted from the emission source for a fixed peri

a cof
gasi

trolled flow rate. Dust present in the volume sampled is removed by filtration beforg

complete measuring system for NH3.

s converted
y difference

V) analyser

easurement
e difference

d of time at
the sample

5 conditioned and passes-tothe analytical instrument. Figure A.1 shows a typical arrapgement of a
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B
I_l_l_ AR A S S SN

2

%3

Key
1 sampling probe, heated (if necessary)
2 particlp filter (in-stack or out-stack)

3,3’ zero and span gas inlet

4 NH3 cq
5,5 NO2/N
6,6 moisty
7,7" pump
8  NO/N(

A.2.2 Components of the sampling and the sample‘gas conditioning systems

A.2.2.1 Sampling probe

The sampliy]
Mo, borosili
temperaturg
made from (

A.2.2.2 Fil

The filter i
the analysel
shall be heg
is recomme|
manufactur

nverter (NH3 /N2 converter or NH3/NO converter; in-stack or out-stack)
O converter

re removal system
x analyser (one analyser or two separate analysers)

Figure A.1 — Diagram of the measuring system (example)

g probe shall be made of suitable;eotrosion-resistant material (e.g. stainless steel wif
cate glass, ceramic; PTFE is only-$uitable for flue gas temperature lower than 200 °(
s greater than 250 °C, stainless steel containing Mo can convert NH3 to NO. Any matg
opper or copper-based alloys are not to be used.

ter

needed to remove the particulate matter, in order to protect the sampling systen
. The filter shall be made of ceramic, PTFE, borosilicate glass or sintered metal. The
ted above ‘the water or acid dew-point. A filter that retains particles greater than
nded. The/size of the filter shall be determined from the sample flow required an
br’s data on the flow rate per unit area.

hout
[). At
rials

and
filter
) um
1l the

The temper

htube of the sampling probe and the filter is considered higher than the water or acid

dew-

point, since the sampling point is usually chosen after the outlet of deNOy systems.

A.2.2.3 NHj3 converter

Depending on the used process, there are two options for the conversion of NHs.

A.2.2.3.1 Converter of NH3 to NO

The catalytic converter (e.g. consisting of precious metals, such as platinum) operates at about 700 °C

and convert

4NH3 + 50

14

s NH3 to NO according to the following reaction:

— 4NO + 6H>0.
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A.2.2.3.2 Converter of NH3 to N

The converter contains a catalyst similar to that for deNOy processes. It works around 250 °C to 350 °C
and converts NH3 to Nz according to the following reaction:

4NO

+4NH3 + 02 — 4N; + 6H30.

When the converter of NH3 to Ny is used, the concentration of NO in the flue gas shall be higher than
that of NH3.

A.2.2.4 Sampling line

The
shall
dew-
requ
well

A.2.2

NOy
and
shall

A.2.2

The

poin
temp
samy

A.2.2

A saj
This
be cq
supp,
line ¢
requ

A.2.2

The
corr
mea

J)uring gas shall be used.

sampling line shall be made of PTFE, PFA or stainless steel without Mo, e.g. 304§
be operated at 15 °C above the dew-point of condensable substances (generallycthe w
point). The tube diameter should be appropriately sized to provide a flow._rate thg
rements of the analysers, under selected line length and the degree of pressure drop i
hs the performance of the sampling pump used.

.5 NOy converter

NO converter: The converter shall consist of a heated furnace maintained at a constant
s made of material such as stainless steel, tungsten, spectfoescopically pure carbon
be capable of converting at least 95 % of NO2 to NO.

.6 Moisture removal system

moisture removal system shall be used to separate water vapour from the flue gal
shall be sufficiently below the ambient temperature. A relative humidity equivalent
erature of 2 °C to 5 °C is suggested. Sufficient cooling is required for the volume
led and the amount of water vapour that,it contains.

.7 Sampling pump

npling pump is used to withdraw a continuous sample from the duct through the samp
may be a diaphragm pump;ametal bellows pump, an ejector pump or other pumps. Th
nstructed of corrosionsresistant material. The performance of the pump shall be suc
[y the analyser with the gas flow required. In order to reduce the transport time in t
ind the risk of physiegchemical transformation of the sample, the gas flow can be great
red for the analytical units.

.8 Flow controller and flow meter

S. The lines
Fater or acid
t meets the
h the line, as

emperature
br quartz. It

s. The dew-
to a cooling
bf gas being

ling system.
e pump shall
h that it can
he sampling
er than that

hstructed of

flow controller and flow meter are used to set the required flow. They shall be coj
sieh-fesistant material. As an alternative, a negative pressure flow control witho

l1t contact to

A.2.3 NOy analyser

A.2.3.1 General

One analyser or two different analysers may be used for the measurement of NO, CL, NDUV or any other
suitable NO analyser may be used.

NOTE The measurement uncertainty using two different analysers is likely to be larger than that using one
analyser.
© IS0 2016 - All rights reserved 15
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A.2.3.2 Chemiluminescent analyser

The CL analyser typically consists of the following principal components:

ozone generator;
reaction chamber;
optical filter;

photodetector or photodiode detector;

ozone removardevice:

A.2.3.3 NIDUV analyser

16

The NDUV a||lna1yser typically consists of the following principal components:

light sotlirce;
optical and/or gas filters;
measurgment cell;

photodgtector;

calibratjion cell to be used for QC drift check.
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Annex B
(informative)

Extractive direct NH3 measurement technique

B.1 Measuring principle based on extractive direct NH3 measurement

The [analysis principle is based on a hot and extractive measurement of NH3 based
spectrometers. Usually, a spectral range at around 1,000 cm-! is used. Fourier transfo
(FTIR) spectrometers or NDIR photometers with gas filter correlation (GFC),can”be u
purpose. For the correction to dry standard conditions, it is recommended to. measure W
together with the NH3 concentration in one instrument.

B.2 | Description of the automated measuring system

B.2.1 General

A representative volume of flue gas is extracted from the\emission source at a controllg
Partijculate matter present in the volume sampled is removed by filtration before the samy
the analytical instrument. Figure B.1 shows a typical arrangement of a complete measurin
NH3 pased on a direct and hot NH3 measurement.

e

12 -y

on optical
rm infrared
sed for this
ater vapour

d flow rate.
le passes to
g system for

+«— 3
Key
1 dampling probeg; heated (if necessary)
2 particle filtef{fin-stack or out-stack)
3 gero and span gas inlet
4 eated\sample line
5 :lump, heated
6  analyser with heated sample cell

Figure B.1 — Diagram of the hot optical measuring system (example)

B.2.2 Components of the sampling and the sample gas conditioning systems

B.2.2.1 Sampling probe

The sampling probe shall be made of suitable, corrosion-resistant material (e.g. stainless steel without
Mo, borosilicate glass, ceramic; PTFE is only suitable for flue gas temperature lower than 200 °C). At
temperatures higher than 250 °C, stainless steel containing Mo can convert NH3 to NO. Any materials

made from copper or copper based alloys are not to be used.

© ISO 2016 - All rights reserved
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B.2.2.2 Filter

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

The temperature of the sampling probe and the filter is considered higher than the water or acid dew-
point, since the sampling point is usually chosen after the outlet of deNOy system.

B.2.2.3 SamplingIine

The sampliry
be operated
rate that me
drop in the |

g line shall be made of PTFE, PFA or stainless steel without Mo, e.g. 304 SS. The'lines
at a minimum 180 °C. The tube diameter should be appropriately sized to provide a
ets the requirements of the analysers, under selected line length and the degxee of pres
ine, as well as the performance of the sampling pump used.

B.2.2.4 Sampling pump

A sampling |
The pump d
pump, a mg
corrosion-rq
pump shall

transport ti
gas flow car

B.2.2.5 FI{

The flow cd
COrrosion-re
measuring g

B.2.2.6 NJ

B.2.2.6.1 ¢

As an analys
or all other

B.2.2.6.2
The FTIR an

bump is used to withdraw a continuous sample from the duct though the sampling sy}
an be located in front or after the hot ammonia analyser,.The pump may be a diaph
tal bellows pump, an ejector pump or other pumps. Phe/pump shall be construct
sistant material and shall be operated at a minimunizof 180 °C. The performance d
be such that it can supply the analyser with the gasflow required. In order to reduc
me in the sampling line and the risk of physicochémical transformation of the samplg
be greater than that required for the analytical‘units.

bw controller and flow meter

ntroller and flow meter are used toiset the required flow. They shall be construct
sistant material. As an alternative;’a negative pressure flow control without contg
as shall be used.

[3 analyser

Feneral

shall
flow
sure

tem.
fagm
bd of
f the
e the
p, the

bd of
ct to

er used for the-het extractive NH3 measurement, an FTIR analyser, NDIR with GFC analyser

buitable NHz@nalyser can be used.

FTIR NH3 analyser

alyser typically consists of the following principal components:

interfer

light source;

ometer;

measuring cell heated to a minimum of 180 °C;

detector.

B.2.2.6.3 NDIR with GFC analyser

The NDIR w

ith GFC analyser typically consists of the following principal components:

— light source;

18
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— gas filters;
— chopper wheel;
— measuring cell heated to a minimum of 180 °C;

— detector.
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Annex C
(informative)

In situ and direct NH3 measurement with TLS analyser

C.1 Measuring principle based on in situ and direct NH3 measurement with TLS

analyser

The analysis principle is based upon an in situ measurement of unconditioned NH3 in ¢he’ stijeam.

Ammonia lgvels are determined by direct measurement with a tuneable laser analysefJor any
suitable NHg analyser can be used. For the correction to dry standard conditions, it is recommend
measure water vapour together with the NH3 concentration.

C.2 In sifu cross duct measuring systems

C.2.1 General

bther
ed to

The in situ TLS measuring system consists of a transmitter and receiver unit. The two units are moynted
opposite each other directly on the pipe or stack. Figure C.1 shéws5 a typical arrangement of an in situ

measuring gystem based on tuneable laser for NHs.

5

] Z

&% T — :
:%210 _4

L

w

~
)
<

transmitter unit

receiver unit

purging flanges

validation cell

three-way valve

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

O 0 N O U1 H W N -

purge gas, span gas or zero gas
10 stack gas region

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

C.2.2.1 Transmitter and receiver unit

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

C.2.2.2 Optical window purge

The |

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

or receiver

unit

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

cont
and

instr
501/

C.2.2

To v
regu

One
optid
filled

Duri
valid

The
cell,
of fu

C.2.2

Due {

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

and/|
TLS 3

C.3

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

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

.3 Validation cell

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

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

hg the validation procedure, the validation”cell is flushed with certified test gas
ation cell is temporarily moved into the@ptical path respectively.

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

4 Pressure and temperature sensor
o the in situ installatien, varying gas pressures and gas temperatures in flue gas may h

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

In_situ point measuring systems

C.3.1

prevent the
rging flange
um, usually
01/min and

b conducted

unted in the
F0 use a gas-

br gas-filled

d validation
0 % to 80 %

hve an effect
1S, pressure
ature to the

General

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

© ISO
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a) Filter type
10

7 7 11

b) Non-filter type
Key
transceiyer unit
probe
probe filters

probe flgnge

corner cyibe (mirror)

pressure sensor (if the duct-has constant conditions, it is not required)
temperafure sensor (ifthe duct has constant conditions, it is not required)

validatiop cell

O 0 N O U1 B W N -

span gas|or zero gas
10 three-wgyvalve

11 purge gas;spairgas or Zero gas
12 stack gas region

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

C3.2 Components of an in situ TLS measuring system (point monitor)

C.3.2.1 General

In situ point monitors sample the gas stream in the duct at the end of the probe. Gas is typically
monitored over a short path, depending upon the principle of measurement (see Figure C.2).
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C.3.2.2 Instrument transceiver

The component senses the response of the measurement cell and generates an electrical signal that
corresponds to the concentration of the gas being measured.

C.3.2.3 Measurement cell

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

C.3.2.4 Probe filter

A pofous ceramic or sintered metal tube or screen minimizes the interference of partiC\Illate matter
with|the gas measurement. If little effect of particulate matter on the measurement-is eypected, it is
poss]ble to use a non-filter probe.
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Annex D
(normative)

Operational gases

D.1 General

Several opel

D.2 Oper
technique

D.2.1 Zer

The zero ga
upper limit

D.2.2 Zer
The zero g4

For using a
should not ¢

D.2.3 Spa

The span ga

to 80 % of the selected measuring range forthe NO/NOy analyser.

D.2.4 Spa

The span ga
nitrogen as
and NO are

the NH3 corjcentration of thé span gas should be about 50 % to 60 % and 20 % to 30 % of the selg

measuring 1
1 vol% to 2
higher than

rational gases are required when using this International Standard.

ational gases for the measurement system using differential NOy

p gas for NO/NOy analyser

5 shall consist of synthetic air or nitrogen. The NH3 content shall not exceed 1,0 % d
pf the measuring range used.

p gas for NH3 analyser

s shall consist of a certain amount of NO in nitrggen for using a converter of NH3 t
convertor of NH3 to NO, nitrogen without NO as‘the zero gas can be used. The NH3 co
xceed 1,0 % of the upper limit of the measurifg range used.

n gas for NO/NOy analyser

5 shall consist of NO in nitrogen. Thé NO concentration of the span gas should be about

n gas for NH3 analyser;

5 shall consist of NH3-NO"and O3 in nitrogen for using a converter of NH3 to N or NH3.
the span gas can bezused for using a convertor of NH3 to NO. Each of cylinder gases for

ange for theqNO/NOy analyser, respectively. The O concentration is about approxim
vol% inthe span gas. When using the NH3/N; converter, the concentration of NO sh3
that ofiNH3.

f the

D No.
htent

70 %

0- in
NH3

mixed with an appropriate volume ratio to prepare the span gas. The NO concentration and

bcted

ately
1l be

D.2.5 Refj

PrFENCe gas

Reference gases of NH3 and NO shall have a known concentration with a maximum permissible
expanded uncertainty of 1,0 % of its nominal value traceable to national standards.

The reference gas concentration as the total NOx should be about 70 % to 80 % of the selected measuring
range for NO/NOy analyser.

D.2.6 Test gas for checking the efficiency of NO2/NO converter

Test gas for checking the converter efficiency shall consist of NO; in synthetic air. The concentration
shall be in the range of the NO/NOy concentration expected.

24
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D.2.7 Test gas for checking the efficiency of NH3/NO or NH3 /N3 converter

Test gas for checking the converter efficiency shall consist of NH3, NO and O in nitrogen. The
concentration shall be in the range of about twice the NH3 concentration expected. When the NH3/N>
converter is used, the concentration of NO shall be higher than that of NH3.

D.3 Operational gases for the measurement system based on both in situ and
direct extractive NH3 measurement technique

D.3.1 Zero gas for NH3 analyser

The rero gas shall consist of nitrogen or ambient air. The NH3 content should not exceed’[1,0 % of the
upper limit of the measuring range used. Dry or wet zero gas may be used.

D.3.2 Span gas for NH3 analyser

The $pan gas shall consist of NH3 in nitrogen. The NH3 concentration of the'span gas shoiild be about
70 9% to 80 % of the selected measuring range for the NH3 analyser. Dry-or-wet span may bg¢ used.

D.3.B Reference gas

Refefence gases of NH3 shall have a known concentration, with a maximum permissible expanded
unceftainty of 1,0 % of its nominal value traceable to national'standards. Dry or wet reference gas may
be uged.
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Annex E
(normative)

Procedures for determination of the performance characteristics

during the general performance test

E.1 Gene€

Before any {
into account

Before detel]
to the manu|

During the
parameters

surrou|
— samplin

— supply ¥

For the det]
uncertainty

Response ti
span drift,
measured w
should be tr

E.2 Resp|

In order to §
shall be inp
of reference
step change
test facility
fall time dif

ffacturer’s requirements and according to the procedure detailed in 9:2.

ral

ests are being performed, the warm-up time specified by the manufacturer shall"be {
. If the warm-up time is not specified, a minimum of 2 h should be taken.

mining the performance characteristics of an AMS, the instrument shallbe set up accot

est conditions for each individual performance characteristic, ¢hevalues of the follo
shall be constant within the specified range stated below:

ding temperature 2 °C;
g pressure *0,2 kPa;

roltage 1 % of the nominal line voltage (except for'the voltage dependence test).

of concentration shall be used.

ne, repeatability at zero and at span level, linearity check, cross-sensitivity, zero drif
ensitivity to ambient temperature,sensitivity to electric voltage of in situ systems m
ith an external test cell. Specific_care must be taken, e.g. cell should be heated and su
ecated to avoid losses of ammenia.

onse time

pstablish responseétime, lag time, rise time and fall time, a step function of the measy
1t to the continuopus automatic measuring system. Unless otherwise specified in the t
the step préduced by the test facility shall have a rise time (between 10 % and 90 % q
less than 10" % of the averaging time to be applied during the tests. The step change
shall corréspond to at least 60 % of the measuring range (see Figure E.1). If rise timg
er, thelonger one is to be taken for the computation of the response time.

aken

rding

wing

ermination of the various performance characteristics, reference gases with a kiown

t and
hy be
rface

rand
erms
fthe
f the
b and

For instrum

ents where transient oscillations occur in npprnnr‘h to the final output qignal the

final

output signal is considered as reached when the oscillations fall to within 10 % of the input step.

NOTE

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

26

A significant difference between the rise time and the fall time indicates memory effects, i.e.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=57761b87775894ab59548c5c340dd730

IS0 17179:2016(E)

A A c
Gy \ 2\
3 b > )-‘—-——\
Ci+ 0,9(C3_ C1) — (3— 0,1(C3— Cz)
Y
Q- 0,9(G- ()
CZ B Yz B
C1+0,1(C3- ¢1) j
c, L
)/ ;
tlag [\ tlag P
trise | tfall
tresp tresp - -
Key
Ci value of the theaSurand in reference material i
Yi output signal obtained by measuring the measurand in reference material i
tlag | lag tirhie
trise | risetime
tfall fall time

tresp Tresponse time

NOTE Change of the output signal Y (output) after a change of the reference value C (input) as a function
of time t.

Figure E.1 — Illustration of the time characteristics of an automated measuring system
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E.3 Repeatability at zero and at span level

E.3.1 General

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

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

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

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

The measurjed values of the AMS at zero point shall be determined after application of the refefence
material by|waiting the time equivalent to one independent reading, and then put in a zero gas pr go
back to fluejgas, and then measure span gas, at least 10 times to 20 times.

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

zero point using Formula (E.1):

Y (x, - x)?
4\

S =\FV E.1
r — (E.1)

Sr is|the standard deviation of repeatability;
Xj is[the ith measured value;

X is[the average of the measuredivalues x;;

n is[the number of measurements.

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

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

The standard deviation of repeatability at span point shall be determined by application of a refefence
material at the span point (span gas). The span gas shall be applied at the zero and span gas inlet. |f the
standard ddviation of repeatability at span point is determined during the lack-of-fit test, the highest
value of reference material applied during the test shall be used.

The measured values of the AMS at span 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 span gas, at least more than 3 times. The measured signals obtained
shall be used to determine the standard deviation of repeatability at span using Formula (E.1).

The standard deviation of repeatability at span point shall meet the performance criterion specified in
Table 1.
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E.4 Lack-of-fit (linearity)

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

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

Perform for each test gas with the accepted value, c;, at least three 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

£ AMS 2 7 ualiiag)
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In the next

be‘t“lA
step,
the 4

aantha tncteiaant o di oo of 4 o A aliioc) ond b o ac ualiiac [
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the average )?I. of AMS readings at each test gas level is calculated. Then the deviation

varatcsy

verage to the corresponding value, )?I. , estimated by the regression line is calctulated

(residual) of

hccording to

Formula (E.2):
& =|X; —xl.‘ (E.2)
The fdeviations, e;, at each test gas concentration shall meet the performance criterion [specified in

Tabld

If the performance criterion is not met, the instrument response shall be correctd

perfq

E.5

The
adm]
pres
the g
and

certi

Inter
meas
admi

Test
AMS
and

aver

The

1.
rmance criterion is met.

Cross-sensitivity

nfluence of potentially interfering substanc¢es also present in the flue gas shall be de
tting test gas mixtures to the input of the’complete AMS (upstream of the test gas ¢
ent). The gas mixtures shall be produced with a mixing system in which an interferen
ases for zero point and span point, The mixing system shall be compliant with nation
chall have a maximum expandéd,uncertainty of 1 %. Reference materials (e.g. gag
fied (traceable to national standards) and shall have an expanded uncertainty no greaf]

ferents and their concentfations are defined in relation to the measuring principle and 1
urement objective. The'interferents listed in Table E.1 shall be examined. The interfer
tted individually.

bas without interféerent and then with the interferent shall be applied. The measured s
shall be determined for each test gas by waiting the time equivalent to one indepenc

d until the

fermined by
boler, where
[ is added to
hl standards
es) shall be
er than 2 %.

he intended
bnts shall be

ignals of the
lent reading

then recording three consecutive individual readings. The three individual readipgs shall be

nged.

deviations between the average reading with and the average reading without the

pres

interferent

ent’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.

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.)
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Table E.1 — Concentrations of interferents used during cross sensitivity tests

Mass or volume concentration
Interferent -
Value Unit
0y 3aand 21 %
H,0 30 %
co 300 mg/m3
COy 15 %
CHy 50 mg/m3
N76 26 s
(fluidisedN-Zb(zzd firing) 100 mg/m?3
NO 300 mg/m3
NO2 30 mg/m3
NH3 20 mg/m3
SO, 200 mg/m3
SOy
(coal-fired power stations 1000 mg/m3
without desulphurisation)
HCI 50 mg/m3
(coal-fired plj)(\:/\ller stations) 200 mg/m?3
a  Atestwith 3 % oxygen concentration is used instead of'a test without interferent.

E.6 Chec

For analyse
NO concent}
and record {

Apply a NOy

Record the
NOy and NO
3 response

Calculate th

Conv.Eff

k of the efficiency of NO2/NO converter

's with two reaction chambers, adjust-the NOy analyser on the NO and NOy channel w
ration around the emission limitvalue. Make sure that both channels give the same Y

he values.

containing gas with a kngwn concentration (as mentioned in D.2.6) to the analyser.

concentrations. Adneasurement shall be taken as the average of a time period of at
imes.

e converter efficiency by Formula (E.3):

(No

(%)=

ith a
ralue

NOx and NO concentration. Wait at least 6 response times between the readings df the

least

(E.3)

where

Conv. Eff. (%)

(NOx)y
(NO)y
(NO2);

is the converter efficiency in percentage;
is the NOy reading with NO; containing gas;
is the NO reading with NO3 containing gas;

is the NO; concentration of the NO; containing gas applied to the analyser.

Perform the determination of the converter efficiency 3 times and report the average of the three
determinations. The value of the efficiency shall meet the performance criterion specified in Table 1.
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E.7 Check of the efficiency of NH3/NO or NH3/N2 converter

The test gas described in D.2.7 shall be applied at the zero and span gas inlet. Record the NH3
concentration. Calculate the converter efficiency by Formula (E.4):

Conv. Eff. (%) = (NH3 reading with the test gas)/(NHz concentration in the test gas) x 100 (E.4)

E.8 Check oflosses in the sampling line and conditioning system

The losses in the sampling line and conditioning system shall be checked by supplying zero gas and
span|gas to the analyser through the sampling system, as close as possible to the nozzle {in front of the
filter if possible), and secondly, direct to the analyser. The test gas should have a NH3-.cenidentration of
about 70 % to 80 % of the measuring range. For the AMS of extractive differential NOx'technique, zero
gas (see D.2.1) and span gas (see D.2.3) shall be used, since NH3 in flue gas is gbnverted fto NO or Ny
by NH3 converters and the gas only containing NO passes through the sampling'line to N|Ox analyser.
Poss]ble impurities in the entire system may lead to memory effects due to adsorption or desorption to
or frpm the surfaces. Differences shall be less than 2 %.

E.9 | Check of leakage in the sampling line and conditioning system
The §ampling system shall be checked for leaks. The procedure'of leak test is as follows.
— Assemble the complete sampling system, including chayging the filter housing and abs¢rbers.
— Allow the sampler to warm up to its operating temiperature.
— $eal the nozzle inlet.

— (lose the nozzle and switch on the pump(s).

— After reaching minimum pressure,read the flow rate.

E.10 Zero drift and span drift for performance test

Zero|and span drifts are estithated by applying at least 10 sequences of zero and span level, evenly
distrjibuted on a period of 24 h, and calculating for each concentration the slope of a linear regression,
according to ISO 9169.

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

E.11 Zero drift and span drift for periodical test

Instrument adjustments with zero and span gases or with other reference materials shall be carried out
at least once in the period of unattended operation. Tests for instruments for periodical measurements
shall be carried out at the beginning of each measurement series.

The zero and span gas or other reference materials shall be used under the same flow and pressure
conditions as for measurement conditions. For zero and span gas, the sample port of the instrument
or a procedure according to the manufacturer’s instructions should be used. The deviations between
the measured values at the zero point and at the span point and the nominal values shall meet the
performance criterion specified in Table 1.
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E.12 Excursion of measurement beam of cross-stack in situ AMS

The test laboratory shall gradually and precisely deflect the transmitter and receiver assemblies of
the AMS in the horizontal and vertical planes, and then record the measured signals using reference

materials.

NOTE

AMS with separate transmitter and receiver assemblies.

This testing

requires calibration standards (e.g. reference filters) and an optical bench.

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

Typically, the experimental path length for this test can be from 1 m up to 5 m at least, although the test

should be p4

Deflections
approximat
deflection i

The range
should also
increments.

The efficien

Automatic adjustment processes shall be activated and included in thé\test.

The measur
report. Theg

The maxim
performanc
described al

E.13 Sens

The test lab
of the AMS.
between 70

The test lab

the amH

— approxi

approxi

During the 1

brformed at the maximum path length practical.
ly 70 % to 90 % of the output range over two typical measurement patllengths

f deflection shall be equal to at least twice the angle specified by the manufactuy
be tested as far as the deflection limit permitted by the assemblies—~.if necessary, in 1

Cy of any manual optical adjustment facilities shall be examined at least in qualitative tq

led signals obtained for the various test steps shall beincluded in tabular form in thg
e measured signals shall be paired up with the deflection angles.

um permissible deflection angles shall be stated within which the AMS satisfiej
e criterion. In the case of automatically aligning AMS, the manner of operation shd
d verified by means of test results.

jtivity to sample gas pressure; for a pressure change of 2 kPa

bratory shall determine the influence of variations in sample gas pressure on the resp
The sample shall be nitpegen containing the measured component at a concentrati
% and 80 % of the upper limit of the certification range.

pratory shall measure-the output signal of the AMS when the sample gas pressure is af]
ient atmosphericpressure,

mately 2 kRa-above ambient atmospheric pressure, within limits of +0,2 kPa, and
mately~2*kPa below ambient atmospheric pressure, within limits of +0,2 kPa.

héasurement period the temperature shall be held stable to within +1 K.

shall be carried out for both the position of the zero point and for that of a span-point for

The

to be performed in incremental steps of approximately 0,05° in the angle range demanded.

er. It
Arger

test

5 the
11 be

onse
bn of

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

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