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Foreword

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

The preeeds e s e s rer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this documient may inv
of (a] patent(s). ISO takes no position concerning the evidence, validity or dpplicability of
patent rights in respect thereof. As of the date of publication of this document, ISO had 1
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Introdu

This docum
a) measur

b) measur

:2023(E)

ction

ent defines requirements for
ement sections and sites at waste gas ducts of industrial plants and

ement objective, plan and report.

This document is intended to ensure reliable and comparable results when used in conjunction with

reference m

ethods such as those that have been developed by CEN/TC 264.

This docun1ent' 1S Important to plant designers, cONstructors, plant operators, testing laboratgries,
accreditation bodies and regulators.

This docum
for measuri

ent requires the specification of a measurement objective. There can be varieus/objed
g emissions, e.g.

— for assgssing whether industrial installations are operating in compliance with IPPC pernj

(emissi

dn limit value compliance assessment),

— foremigsionsdeclarationand reporting for emission inventories (e.g.local, national and internat
e.g. for EPER[LL2]),

— for acce

— in case

ptance tests (proof of guarantee),

bf complaints,

— for obtdining a permit (e.g. following changes to process operations or plant design),

— afterex

— incase

piration of a set time interval to establish th&,condition of the plant,

bf interruption or disturbance of operations,

— within the framework of safety precaution.investigations,

— for the ¢alibration of continuously operating emission measuring systems,

— for chedking the function of continuously operating emission measuring systems,

— to establish the cause of patticular emission behaviour (e.g. the determination of the causg

failure

— to give

f the waste gas treatment to maintain the guaranteed/required level of cleaning),

n prognosis ef\likely emission levels in special operating conditions, e.g. after chang

procedyre, in casewfidisturbance or interruption, or in case of expansion of capacity,

— for esta

blishinmg-emission trading schemesl3],

— for detejrmining emission factors and

tives

itsll

ional

of a

es of

— for assessing available techniques for an industry sector (e.g. at company, sector and EU level)[3].

Vi
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Air quality — Measurement of stationary source emissions
— Requirements for measurement sections and sites and
for the measurement objective, plan and report

1 Scope

This|[document specifies the following requirements:

a) rfequirements for measurement sections and sites with respect to performing emission
neasurements;

b) requirements for the measurement objective, plan and report of emissiol measurements of air
pollutants and reference quantities to be carried out in waste gas ducts at industrial plants.

This|document applies to periodic measurements using manual or automated reference methods (RM).

This|[document specifies generic principles which can be applied £o perform emission measurements at
diffefent plant types and to meet different measurement objectives.

NOTH The measurement objective is specified by the customer. The testing institute identifies the
measurement objective and related regulatory requirementstat the beginning of the measuremgnt planning.
Whele measurements are being made for regulatory purposes, the customer should seek apprdval from the
competent authority.

This|document specifies procedures for taking representative samples in waste gas ducts.

This|document specifies a procedure for*“finding the best available sampling point fof automated
meaguring systems used for continuous monitoring of emissions.

The planning and reporting aspects-of this document are applicable to emission measfirements at
diffulsive and fugitive emission sources.

This|document does not address aspects of structural safety of chimneys and ducts, construction of
worNing platforms and saféty of personnel using them.

2 Normative references

Therk are nonormative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

NOTE These terms and definitions are in accordance with VIM and CEN/TS 15674.

©1S0 2023 - All rights reserved 1
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measurement
set of operations having the object of determining a value of a quantity

[SOURCE: VIM:1993, 2.1]

Note 1 to entry: The operations can be performed automatically.

3.2

individual measurement
measurement carried out over a defined period of time

Note 1 to enfry: Information on the start and end time of the measurement can be of importance, e.gnin
easurements of the reference method with an automated measuring system to be calibrat

of parallel
validated.

3.3

periodic measurement
determinatipn of a measurand at specified time intervals

Note 1 to enfry: The specified time intervals may be regular (e.g. once every month)_or irregular. Measu
can include the amount or physical property of an emission. Measurements are usually made using pot
equipment fofr typically less than 24 h.

3.4

grid measurement

determinati

3.5
measurand
particular q

[SOURCE: V

Note 1 to ern
concentratio
content.

3.6

uantity subject to measurement

M:1993, 2.6]

measured ¢omponent

constituent

3.7

reference quantity

specified pH
conditions

Note 1 to ent

on of a measurand in a given grid of measurement points in the measurement plane

try: The measurand is a quantifiable property of the waste gas under test, for example
h of a measured component, temperature, velocity, mass flow, oxygen content and water v

pof the waste gas fefwhich a defined measurand is to be determined by measurement

ysical o chemical quantity which is needed for conversion of the measurand to stan

'Y Reference quantltles are e.g. temperature (T, et = 273,15 K), pressure (p,..s= 101,325 kPa),

case
ed or

rands

table

mass
pour

dard

vater

vapour volunrefraction Ul o 6 u) atre OXygen volumefractiono

3.8

reference method

RM

ref*

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

Note 1 to entry: A reference method is fully described.

Note 2 to entry: A reference method can be a manual or an automated method.

Note 3 to entry: Alternative methods can be used if equivalence to the reference method has been demonstrated.

© IS0 2023 - All rights reserved
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3.9

standard reference method

SRM

reference method prescribed by European or national legislation

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

3.10
automated measuring system
AMS

mea llrlnn' svuctam nnrmf\nnnflxr inctallad an cita for continnanc manitaring r\F nmloolr\ho
JUT ISy O o P e T i T e ITeT, Y I tTH T e e O O Tt e T O C O T eI T S O e T O T T O I LT 5 OT ETIITOOTOTT

Note |l to entry: An AMS is a method which is traceable to a reference method.
[SOURCE: EN 14181:2004, 3.2]

3.11
measurement site
placg on the waste gas duct in the area of the measurement plane(s)‘\consisting of strjictures and
technpical equipment, for example working platforms, measurement ports, energy supply

Note [l to entry: Measurement site is also known as sampling site.

3.12
measurement section
regign of the waste gas duct which includes the measurement plane(s) and the inlet and outlet sections

3.13
measurement plane
plang¢ normal to the centreline of the duct at the\sampling position

Note [l to entry: Measurement plane is also known as sampling plane.

3.14
hydraulic diameter
dy
quotjent of four times the areaA’and the perimeter P of the measurement plane

4x A
| =" 1
h="p (1)

(Y

3.15
measurementline
line in the sampling plane along which the sampling points are located, bounded by the innger duct wall

Note [l to.entry: Measurement line is also known as sampling line.

3.16

measurement point

position in the measurement plane at which the sample stream is extracted or the measurement data
are obtained directly

Note 1 to entry: Measurement point is also known as sampling point.

3.17

representative measurement point

measurement point at which the local mass flow density of the substance to be determined is equal to
the mass flow density averaged over the measurement plane

©1S0 2023 - All rights reserved 3
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measurement port
opening in the waste gas duct along the measurement line, through which access to the waste gas is

gained

Note 1 to entry: Measurement port is also known as sampling port or access port.

3.19

clearance area
area of free space at the working platform outside the waste gas duct without obstacles in which the

appropriate

measuring probes are moved and handled

Note 1 to ent

3.20
measuremg
scope of the

3.21
measuremg

structured procedure to fulfil a defined measurement objective

3.22
measurems
report estal
the informa
document

3.23

site review
visit condud
the physical

Note 1 to enf
method and

3.24
timing
time at whig

Note 1 to ent

3.25
sampling d
period of tin]

3.26

ry: See Table 1.

ent objective
measurement programme

ent plan

ent report
lished by the testing laboratory according to the customer request and containing at
fion required in the standards applied in the measuxehients programme, in particula

ted by the testing laboratory before undertaking emission measurements to ensure
and logistical situation is fully understeod before arriving on-site to conduct work

ry: The site review provides information essential for determining the appropriate measurg
levelopment of the measurement plan.

h samples or measureéments are taken

Fy: Timing can be Criicial to obtaining a result which is relevant to the measurement objective.

iration
he over-which the sample is taken

least
" this

that

ment

mass conce

ntration

C

quotient of mass m of the measured component and gas volume V

c=—
v

3.27

mass flow rate

m

quotient of the mass m flowing through the measurement plane and the time ¢

.. m
m=—
t

(2)

(3)

© IS0 2023 - All rights reserved
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3.28

mass flow density

my

quotient of mass flow rate m and corresponding cross-sectional area a

md:

m
— 4)
a

3.29

sample volumetric flow

volumetric flow extracted from the main stream for determination of the measured component

3.30
volumetric flow rate
quotjent of the volume flowing through a plane and the time

3.31
testing laboratory
laboratory that performs tests

Note [L to entry: The term testing laboratory can be used in the sense of a legal entity, a technical entity or both.

Note 2 to entry: A testing laboratory undertakes work at the laborateryy’s permanent facilities, at sitles away from
theirpermanent facilities and in temporary or mobile laboratories

Note |3 to entry: The sampling and analysis stages often occur<at’different locations as the analysig stage can be
carrigd out at a permanent laboratory.

3.32
custpmer
orgahization or person that defines the measurement objective and receives the measurement report

Note [l to entry: Adapted from ISO 9000:2005,3.3.5.

4 $ymbols and abbreviatéd terms

4.1 | Symbols

a cross-secfignal area

A area of the measurement plane

c mass concentration

d diameter of the duct

dy, hydraulic diameter

F statistical value of the F-test

h, measured water vapour content as volume fraction
Ryor standard water vapour content as volume fraction
m mass

m mass flow rate

my mass flow density

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=6c46c6392b658f33bba63e5b0a58d824

ISO 15259:2023(E)

Pm

Pref

=

Sgrid
Sinh
pos

Sref

yi,grid
yi,ref

4.2 Abbr

number of measurements

measured oxygen content as volume fraction
standard oxygen content as volume fraction
perimeter of the measurement plane
measured pressure

standard pressure

measurement

hverage of the ratios r;

standard deviation of the grid measurements

ctandard deviation due to the inhomogeneity of the waste gas

cstandard deviation of combined grid and reference measurement
standard deviation of the reference measurements

fime

measured temperature (absolute)

standard temperature (absolute)

permissible expanded uncertainty

expanded uncertainty of the combined grid and reference measurement
expanded uncertainty related to the reference measurements at the fixed point
velocity of the gas in themeasurement plane

volume

volume flow rate

measured.value at the ith sampling point

th measured value at the reference point

Totad & o
vidiliTUu LTI 1115

Fatio of actual value y; ;.4 of the measurand in the grid and the value y; .. of the refen

AMS
RM
SRM
SCR
SNCR

Automated measuring system
Reference method

Standard reference method
Selective catalytic reduction

Selective non catalytic reduction

ence
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5 Principles

5.1 General

Reliable and comparable results representative of the emissions in the context of the measurement
objective (see Annex G) can be achieved provided that

a) measurement section and site, preferably created at the plant design stage, are available to enable a
representative sample to be taken,

b) measurement objective and the measurement plan are available before measurements are carried
out,

c) dampling strategy is specified in the measurement plan to meet the measurement objettive,
d) feport of the results is produced which includes all relevant information and
e) ¢ompetent testing laboratories are used.

INOTE Requirements on the competence of laboratories are specified in ISO/IEC 17025 and CEN/
TS 15675.

Figure 1 illustrates key stages of periodic measurements of emisSions from stationary sour|ces.

©1S0 2023 - All rights reserved 7
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Customer defines the
measurement objective

Review of the contract

!

Identification of the measurement objective

!

Collection of plant specific information,

o operating conditions, load characteristics
& on site review
mn
z v
= Elaboration of the measurement plan
v
Selection of the sampling strategy
(grid or representative point or any point)
Final preparation of measurements by
testing laboratory and plant operator
1
~
Measurements covered by individual standardsiferspecific components
=
~ Y Y
= Sampling and
g analysis/quantificationof Measurement of Calibration and validation
= pollutants with RM using volumetrie flow and of AMS by comparison
3 portable equipment either reference quantities with SRM
S manual and/or automated
E l l l
Work file, sampling file, analysis/quantification file
1
-
Collection of all data into the Plant operating
measurement programme file data file

Validation of results and
justification of any
deviation from the
measurement plan

Elaboration of test results
and identification of
supporting information

!

Measurement report

EN 15259 and
individual standard

Customer receives
report for evaluation

Figure 1 — Illustration of key stages of periodic measurements of emissions from stationary
sources

5.2 Measurement section and measurement site

Plants designed or adapted to enable representative sampling have a section of the waste gas ducting
engineered to ensure an ordered flow profile free from vortexing and backflow, where a measurement
plane is located that provides a grid of sampling points sufficient to assess the distribution of

8 © IS0 2023 - All rights reserved
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measurands and reference quantities. The measurement site allows access to the sampling plane for
typical sampling equipment via a platform that enables measurement personnel to work safely and
efficiently.

5.3 Measurement objective and measurement plan

The measurement objective specifies the work to be carried out, the plant operating conditions under
which measurements are to be taken, any plant or process related information to be collected, working
procedures to be used and any associated requirements. The results of these considerations are outlined
in the measurement plan. To ensure that the measurement plan meets the measurement objective it
is important to ensure that the measurement section has been assessed and any deviations from
stanglard geometry is taken into account. Measurements are performed by suitable qualified personnel,
under adequate supervision. In view of the measurement objective, simplified precedyres may be
used|in some circumstances provided that the plant conditions are well understood)and pjrovided it is
acceptable within the measurement objective. Any deviations from the standard procedures described
in dgcument s are justified and reported.

5.4 | Sampling strategy

The [sampling strategy ensures that a representative sample is-taken. The procedurgs specified
in Clause 8 are chosen to suite the degree of homogeneity of<theé measurand distributjon and any
antidipated variability in time. Procedures are adopted to idénbify the number and placgment of the
sampling points and the sampling duration at each point.

5.5 | Measurement report

The measurement report provides the results of measurement supported by a comprehengive account
of the measurements, a description of the measufement objective, and the measurement [plan. It also
provijdes sufficient detail to enable the results.to be traced back through the calculations to the collected
basiq data and process operating conditions:

6 Measurement section and measurement site

6.1 | General

Suitgble measurement sections and measurement sites are necessary to obtain reliable and|comparable
emispion measurementyresults. Therefore, appropriate measurement sections and sites shalll be planned
when designing a plant (see [4]). Terms related to the measurement section and site are illustrated in

Figure 2.

Emigsion measturements in flowing gases require defined flow conditions in the measurgment plane,
i.e. an ordered and stable flow profile without vortexing and backflow so that the velocity and the mass
concgntration of the measured component in the waste gas can be determined. These r¢quirements
resulfromthe-definitionofthe-meanconecentration{seeAnnext—Thisisthe-ondy-wayirwhich results

from different measurements, for example on different plants, can be compared.

Emission measurements require appropriate measurement ports and working platforms. Therefore,
the installation of measurement ports and working platforms shall be taken into account in the planning
phase of a measurement section.

Specifications of regulations and official requirements shall be taken into account in the selection and
specification of measurement sections and sites. Expert advice should be sought.

NOTE Aspects of structural safety of chimneys and ducts as well as construction of working platforms and
safety of personnel using them are not treated in this document.

©1S0 2023 - All rights reserved 9
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1 measurement point
2  measurement line

3  measurement plane
4  measurement port
5 clearance area
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measurement site
manual sampling train
measurement section

O© 0 N O

outlet section

10 inlet section

Symbols
d internal duct diameter

Figure 2 — Illustration of terms related to the measurement site and measurement section

Figure 3 gives an example of mounting locations of measuring systems in a measurement|section. For
the different measurement activities six measurement planes are used in thiséexample. The working
platfprm is not represented for simplification.

©1S0 2023 - All rights reserved 11
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8 sl B
< 2—
A3 ‘ —————— —:.
s .
A6 60—
hgl 4
< §
po 3| o
5
o
a) Top view b) Front view

Key

A measurement line, measurement plane

Al 0° A6 245°

A2 90° A7 2602

A3 45° A8 _A35°

A4 80° A9 "195°

A5 65°

S measurement port

S1 referencgé method S6 HC], total carbon, water-vapour AMS

S2 referencg¢ method S7 reference method

S3  dust AM$ (optical head) S8 volume flow AMS (transmitter)

S3a dust AMS$ (reflector) S8a  volume flow AMS (receiver)

S4 S0,,NO,|0, AMS S9 temperature

S5 referencg¢ method S9a pressure

Figuré 3-— Example of the mounting location of measuring systems within a
measurement section at a waste gas duct (working platform not represented for simplification)

6.2 Measurement section

6.2.1 Measurement section and measurement plane

The measurement section shall allow the sampling and execution of measurements at a suitable
measurement plane.

NOTE1 The measurement section is the region of a conducted source (e.g. waste gas duct, stack) which
includes the actual measurement plane and the inlet and outlet sections.

NOTE 2  For extensive emission measurement programmes more than one measurement section and/or

more than one measurement plane within each measurement section can be necessary. The requirements on
measurement sections and measurement planes apply to each section and plane.

12 © IS0 2023 - All rights reserved
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In the planning and selection of a measurement section, the following aspects in accordance with the
measurement objective shall be considered:

a)

b)

d)

f)

measurement section shall allow that representative samples of the emission can be taken in the

measurement plane for the determination of volumetric flow and mass concentration o

NOTE3  The measured component can still change due to secondary reactions (degradation
between the measurement plane and the point of escape to the open atmosphere.

measurement plane shall be situated in a section of the waste gas duct (stack
homogenous flow conditions and concentrations can be expected;

f pollutants;

or synthesis)

etc.) where

INOTE 4
ils

as far downstream and upstream from any disturbance, which could produce a-change i
flow (e.g. disturbances can be caused by bends, fans or partially closed dampetsj;

in a section of a duct with at least five hydraulic diameters of straight ductupstream of
plane and two hydraulic diameters downstream (five hydraulic diameters from the top d
A.2) and

in a section of a duct with constant shape and cross-sectional areay

INOTE5  Effective aerodynamic arrangements (e.g. fans, vanes, ducting design) can be requir

ixing of the gases before entering the (straight) duct where\the measurement section is log
;Ircl) get a homogeneous concentration profile at the measurement plane, especially when sey
different characteristics in composition, coming from differént installations are collected in th

INOTE6 It can be advisable to perform an exploratory velocity traverse before com
g¢omprehensive installation.

measurements at all the sampling points.defined in 8.2 and Annex D shall prove that th
3t the measurement plane meets the following requirements:

1) angle of gas flow less than 15° with regard to duct axis;
NOTE 7 A method forthe determination of the angle of gas flow is given in Annex B
1:2001.

2) no local negativeflow;

3) minimum velogity depending on the flow rate measuring method used (for P
differential pressure larger than 5 Pa);

4) ratioef'the highest to lowest local gas velocities less than 3:1;

NOTE 8 The above requirements are generally fulfilled in sections of duct with

The requirement for homogeneous flow conditions is generally fulfilled if the measulrement plane

1 direction of
the sampling

f a stack; see

ed to achieve
ated in order
eral gases of
e same duct.

mitting to a

P gas stream

of EN 13284-

itot tubes a

at least five

hydraulic diameters of straight duct upstream of the measurement plane and two hydra

lic diameters

downstream (five hydraulic diameters from the top of a stack). Therefore, it is strongly recommended

to design sampling locations accordingly.

installation of measurement sections in vertical ducts should be preferred to installation in

horizontal ducts;

NOTE9 At high dust concentrations, for some particle fractions, sedimentation can occur

in horizontal

ducts. This can lead to errors in the measurement of pollutants contained in the particle fraction, e.g. heavy

metals, PCDD/PCDF.

measurement section shall be situated where it is possible to erect suitable working platforms with

the provision of the necessary infrastructure;

measurement section shall be clearly identified and labelled.

© IS0 2023 - All rights reserved
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NOTE 10 Labels are intended to identify the emission source unambiguously for regulatory and other
purposes.

6.2.2 Measurement ports

Measurement ports shall be provided to allow sampling at specified measurement points (see 8.2).

Additional measurement ports in the same measurement plane or section shall be provided to allow
measurements of other quantities (for example flow velocity, temperature, water vapour) when

required by the measurement objective.

NOTE1 Inedditionit-canbe-necessary-to-nstaladditionalaccessportstoroperationalmeasurementsor for
instruments for continuous emission monitoring in the region of the measurement plane.

NOTE 2  Examples of suitable measurement ports are shown in A.1.

Measurement ports shall be planned at the design stage of new plants or during plangyrhodificatign, as
later changgs of the waste gas duct can be difficult and costly (if, for example, protective linings are
present).

NOTE3  The examples of Annex A have been proven suitable. Tight-sealing covers‘avoid hazard.

NOTE 4  Iffthe distance between a measurement port and the opposite intefior-wall of the waste gas duct is
large (e.g. mgre than 2 m), depending on the measurement objective, two opposing measurement ports cpn be
provided permeasurement line, and the platform extended accordingly.

In the case [of rectangular ducts, the measurement ports should-be installed on the longer side (see
Figure A.6).

6.2.3 Working area and working platform

6.2.3.1 Ldad bearing capacity

Permanent ind temporary working platformis;shall have a load bearing capacity sufficient to fulfjl the
measuremeht objective.

NOTE Sgmpling can comprise of twa(td six persons with equipment weighing between 50 kg and 300 Kg.
Temporary working platforms sliall-be tied or supported to a permanent structure to prevent collapse
or overturnjng. They shall be.checked before use in accordance with national regulations on safgty at
work.

6.2.3.2 Pgsition andworking space

Working platformsshall provide sufficient working area and height (working space) for the measurement
objective, i.¢. to\manipulate the probes and operate the measuring instruments. Clearance area gt the
working platform shall be dimensioned appropriately. Probe introduction should not be impeded e.g.

by guard fences and other built-in elements.

NOTE 1

Grid measurements require a sufficiently large working area outside the waste gas duct along

the measurement lines so that the measurement points can be sampled with the appropriate probes in the
measurement plane. The minimum probe length depends on the internal diameter or depth of the waste gas duct
and the wall thickness.

NOTE 2  Asufficient depth of the working area is given by the sum of the internal diameter or depth of the waste
gas duct and the wall thickness plus 1,5 m for flanged-on instruments (see A.2). If two opposite measurement
ports are installed for one measurement line, a correspondingly smaller operating area depth is sufficient.

NOTE 3  If the waste gas has a vertical direction of flow, both with round and rectangular waste gas ducts, a
working height from the platform to the measurement lines can be established, which is approximately 1,2 m to
1,5 m.
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EXAMPLE Table 1 shows examples of working platform areas required for the following two measurement
objectives:
a) small measurement plane and simple measurement objective (open width of the waste gas duct:

0,2 m diameter, measurement: total carbon);

b) acceptance testing in a waste incineration plant (open width of the vertical waste gas duct: 2 m width
(measurement ports) and 1,5 m depth, wall thickness: 0,3 m, measurement: total dust, total carbon, hydrogen
chloride, hydrogen fluoride, sulphur dioxide, nitrogen oxides, carbon monoxide, PCDD/PCDF, heavy metals,
oxygen, waste gas volumetric flow rate, waste gas pressure, waste gas temperature, carbon dioxide, water
vapour).

Table 1 — Examples of working platform areas
Measurement Clearance area Minimum area required for instru- Minimum(total area
dbjective ments, operations or movement
m? m?2 n)2
a not needed 4 4
6 12 18
6.3 | Measurement site

6.3.1 Power supply and equipment

Poweér connections of an appropriate size and safeguarded in accordance with national requirement
shalllbe installed at the measurement site. Compressed'air, water connections and wastewdter disposal

may pe necessary.

6.3.1 Safety and environmental conditions

The
requjrements.

At least the following aspects shall be considered:

measurement sites shall be installed-in such a way as to comply with national safety at work

¢asy and safe access to the-measurement site;

fransport means, for ‘example hoists or lifts,[18] to transport measuring instruments, ip the case of
easurement sitesswhich are not at ground level;

voidance of{area of sources which emit unexpectedly, for example rupture disks, oferpressure
alves or steam discharges;

voidance of any hazard by engineering or procedural measures;

veidance of areas of significant positive pressure;

availability of measures to ensure personnel carrying out the emission measurements are informed
of any operating faults which would endanger them;

possibility to accommodate the working platform or measurement site within the plant building;
protection of the working area from heat and dust;

protective measures, for example weather protection and heating, to ensure the necessary
environmental conditions for the personnel and the equipment used.
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7 Measurement objective and measurement plan

7.1 Meas

urement objective

7.1.1 Specification of the measurement objective

The measurement objective shall be specified by the customer.

In view of the measurement objective, simplified procedures may be adopted for small and/or frequently
visited plants provided these are documented in the emission measurement report.

The measur]
measur
measur
process

measur
and exp

period ¢

compet

The measurn
7.2.6) and r¢

7.1.2

The measuj
measureme
requiremen

All plant spe

NOTE1 D¢
site review 0|
telephone.

NOTE2 A
testing labor]
the case of co

In particula

ement objective shall specify at least:

bment objective;

bment site, for details see 7.2.7;

and operating conditions, which are relevant for the emission, for detailssee 7.2.2;

hnds (e.g. pollutant mass concentration, reference quantities, mass)flow, volumetric
ected values;

f measurement campaign, for details see 7.2.9;

ence of the testing laboratory.

ement objective can also specify the measurement,methods to be applied (for detail
quirements on the measurement uncertainty.

Identification and review of the measurement objective

ement objective shall be identified; by the testing laboratory at the beginning o
t planning on the basis of the contract with the customer. This shall include any regul
.

cific information which is relévant to the measurement objective shall be collected.

f the plant during the basic planning, or in the case of smaller or frequently visited plants, ¢

site review caininclude a preparatory meeting with participation of e.g. a representative
htory, the technically responsible plant personnel, a representative of the competent author
mpliance/monitoring, a representative of the delivery firm in the case of acceptance tests[2l.

I the following items shall be considered:

Flow)

S see

[ the
htory

bpending on the complexity of the measurement, plant specific information can be obtained at a

.g. by

f the
ity in

a) relevantdacuments e g cantracts permitg lpgnl requirements;

b) technical data of the plant including waste gas conditions, operating conditions and periods
(examples are given in B.2.3);
NOTE3 These data can be acquired from measurement reports, emissions declarations, or permit
documents.

c) air pollution abatement techniques in operation (examples are given in B.2.4);

d) technical prerequisites for the measurement sites including measurement section, measurement
ports, working area and platform, power supplies and other services;
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e) technical prerequisites for continuous monitoring of emissions (examples are given in B.2.5).

If the measurement objective consists of calibration of an AMS according to EN 14181, then it is
also to be checked whether the requirements for calibration on the part of the device including its
installation have been met, and which possibilities exist to vary the mass concentration of waste
gas components with operation of the facilities;

f) supplemental information.

Additional information collected within the framework of the measurement planning can in some
cases significantly reduce the effort required for the measurement, or make further measurements
nnnpr‘pccnry

INOTE4  This additional information can arise from
+ previous measurements of emissions at the identical source of emissions under cemparable conditions,
+ measurements of emissions at comparable emission sources,

+ calculated or estimated mass flow of emissions, e.g. using data from the\plant or its operdtion with the
aid of balance sheets for individual substances and

+ data related to the process, e.g. knowledge of the relationship between the temperaturg curve of the
process and emissions.

Base(d on the information collected, the measurement objective shall be reviewed and jamended, if
necegpsary.

7.2 | Measurement plan

7.2.1 Specification of measurement plan

The measurement plan shall be specified\gn the basis of the measurement objective (see 7.]

Nt

NOTH Where measurements are being made for regulatory purposes, the customer can need approval of the
measurement plan from the competent authority.

In particular the following shall be specified:

a) o¢perating conditions(ofithe plant including fuel or feedstock, waste gas components and reference
uantities to be measured;

b) {iming and siting'arrangements of the required individual measurements and measurgment dates;

) easurement methods to be applied;

d) easirement sections and measurement sites;

asurements;

f) reporting arrangements.

7.2.2 Plant operating conditions and load characteristics

The operating conditions of the plant, waste gas composition and reference quantities to be measured
shall be specified in accordance with the measurement objective.

The influence of the mode of plant operation, the feed materials, and the waste gas cleaning system in
the plant on the emission shall be considered (examples are given in B.1).

NOTE1 An essential feature of the specification is the maximum plant output. This determines, for example,
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in the case of combustion plants, the size and shape of the combustion space, the number of burners or
number of transporters for combustible matter and the amount of combustible matter which can be fed and

in the case of production plants, the amount of feed materials which can be used in combination with
auxiliaries, additives and the maximum amount of energy required in the form of fuels or electrical energy.

If emission measurements are performed at the highest emission state, this state is established usually
at the maximum plant output. However, this relationship does not apply to all measured components.
The type and composition of the feed materials shall also be taken into account with respect to the
expected emissions. Depending on the plant, the individual emission behaviours can also proceed in
opposite directions, for example in the case of combustion plants, the components carbon monoxide

and nitrogen monoxide

NOTE 2 T}
emission con
can refer eith

NOTE3 T(

specialis
visit;

already

7.2.3 Nun

The numbe
objective.

NOTE W

e highest emission state is characterized by the highest emission mass flow. The fiaxi
centration does not inevitably occur at the highest emission mass flow. The measurementiobjg
er to concentration or to mass flow or both.

determine the highest emission state it is advisable to make use of the following;

knowledge from the literature (e.g emission factors);

t discussion with the plant operator and if necessary with the inspection authorities and a

knowledge of the plant type and the associated emission behaviour on the basis of measurements which

been made on the plant in question or on comparable plants.

nber of individual measurements

I of individual measurements shall be specified in accordance with the measure

hen measuring a stable emission best practiee is to make a minimum of three measurements.

case of unstable emissions, the number of samples can be increased to meet the measurement objective. |

case of comp
in the permit|
of Monitoring

7.24 Tim

The timing
accordance

Where spe
(see e,g[@]'[z
measureme

For manual

iance monitoring for regulatory purpases, the number of individual measurements can be spe

Examples of regulatory requirements are given in the Reference Document on the General Prin
(3],

ing and duration of individual measurements

hnd duration of theZemission measurement shall be specified in the measurement pl
with the measureinent objective.

Fified, thesampling duration for individual measurements prescribed by legisl
1), administrative provisions or other official regulations shall be used for emi
nts.

niethods, where low concentrations of the measured component are suspected, maxi

ons.

mum
ctive

plant

have

ment

n the
n the
rified
ciples

An in

htion
5sion

mum

permissible

sampting duration as specified I method of measurement should—be used 1 the

instance to meet the requirement for the field blank.

first

Sampling timing and duration shall be appropriate for the emission behaviour of the plant considered.
A distinction should be made between the following cases:

continuous processes (constant in time);

continuous processes with influences varying over time;

— batch processes.

Typical examples of suitable timing and sampling duration for various process types are given in B.1.
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7.2.5 Measurement points

Emission measurements of particulate pollutants shall be performed always as grid measurements
(see 8.1).

Measurements of gaseous pollutants may be performed at one representative measurement point or
at any measurement point, if the corresponding requirements on the distribution of the measurand
specified in 8.3 are fulfilled. In all other cases the measurements shall be performed as grid

measurements.

NOTE

Supplementary information as described in 7.1.2 f) can provide information on the homogeneity.

7.2.4

The
the c

If alt
NOTH
If pe

shall
in th

7.2.7%

Reqy
envij

The
meag

In th|
shall

In sg
secti
shall

Meas

Measurement methods

neasurement methods to be applied shall be selected according to the measurement
ase of legally prescribed measurements, standard reference methods (SRMJ.shall be a

brnative methods are used, CEN/TS 14793 shall be considered.
Guidance for selection of measurement methods is given in CEN/T815675.

[iodic measurements are carried out using automated reference,;methods, the measuf
be checked in accordance with the requirements of the applicable standard before t}
b field.

Measurement section and measurement site

irements for working platforms, positions of\measurement ports, power supply,
onmental conditions are specified in 6.2.3.

measurement section and measurement site shall be specified and described in d
urement plan (see example form of an emission measurement plan in B.3).

e case that the full requirements of this document cannot be met, the principles and|
be followed as fully as possible and any deviation shall be described in the measurem

me cases, especially in_eéxisting plants, it is impossible to choose the position of m
pn and measurement sité freely. In such cases the measurement section and measy
be installed or modified in accordance with local plant conditions.

urement planning shall consider plant-specific conditions. A check shall be made as

in view of the measurement objective the necessary measuring conditions are satisfie

Alter
optiy

native arrangements shall be sought if, due to plant conditions, it is not possible f
hum measurement section which complies with the requirements of this documen

alter

giveT cifeumstances and the best possible measurement site shall be selected and installed.

hative arrangements, the best possible measurement section for the measurement

pbjective. In
pplied.

ing systems
ley are used

safety and

etail in the

procedures
ent plan.

easurement
rement site

to whether
d (see [8]).
o install an
. From the
s under the

NOTE

In special cases it can be necessary

a) to measure the total volumetric flow rate (full stream measurement) for measuring the volumetric flow e.g.
in small diameter ducts,

b) to measure the mass concentration and determine the volumetric flow rate by calculation, or

c) to calculate the mass concentration, for example from the vapour pressure, and to measure the volumetric

flow rate.

7.2.8 Technical supervisor and necessary personnel

Appropriate personnel shall be used to carry out the measurement programme.

NOTE

©ISO

2023 - All rights reserved

Detailed requirements for personnel carrying out emission measurements are given in CEN/TS 15675.
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The following key personnel shall be nominated at the start of the measurement from a list of competent
personnel in the measurement plan:

a) personnel responsible for carrying out the measurement;
b) person technically responsible (technical supervisor);
c) personnel nominated by the plantto be responsible for the plant operation during the measurement.

The sampling times selected for the measurement plan should be co-ordinated with the shift patterns
of the plant personnel. The responsible plant personnel should be available when sampling takes place.

7.2.9 PlaJming of the measurement dates

Measurement dates shall be specified in the measurement plan. The dates shall be selectéd to ensure
that

a) the measurement objective is met,
b) suitablg process conditions are available (i.e. condition of the plant and waste gas cleaning facility),
c) theinfrastructure for measurement is in place and operational,
d) the megsuring and analytical systems are available and

e) the pergonnel and assistants are available.
7.2.10 Preparation of the measurement

7.2.10.1 Preparations by the plant operator

The measurement plan shall be communicated in*accordance with the measurement objective apd to
relevant payties involved in the measurement process.

The following preparations for measurements shall be performed by the plant operator:

— specifigd operating conditions (combustion materials/raw materials/load) shall be realized diyiring
the tim¢ of measurement;

— if not already available, pravision of the measuring sites complying with the requirements of §.2;

— covers pf the measurement ports shall be lubricated to facilitate easy removal by the testing
laboratgry; any extraneous matter that has accumulated in or around the measurement portjshall
be remqved;

NOTE1 Auxiliafy-staff can be needed for the period of the measurement campaign to assist the perspnnel
performing the-measurements.

NOTE2 Changing room(s) and, if required, a work room can be provided.

NOTE 3 In certain countries legislation can require that measurement sites be inspected by a competent
person to determine that the structural integrity of the measurement site is suitable for the work planned.

7.2.10.2 Preparations by the testing laboratory
The following preparations for measurements shall be performed by the testing laboratory:
— necessary personnel for the period of measurement campaign shall be provided;

— necessary measurement equipment for the period of measurement campaign shall be provided in
accordance with the requirements of the individual measurement standards that are to be applied;
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— measurement filters and sampling materials shall be prepared;

— measurement dates shall be confirmed;

— measuring systems used shall be checked, adjusted or calibrated on site.

7.2.10.3 Preparations after arrival at the plant

ISO 15259:2023(E)

After arrival at the plant the responsible persons from the plant and the testing laboratory shall check
that the requirements on following items specified in the measurement plan are met:

a) prepared measurementsites:
P y

b) information on the operating conditions;

c

8

8.1

The
and
strat

jutomated measuring systems, if applicable.

bampling strategy

Particulates or measured
components with particulate
phase

yes

requirements for the measurement section given in 6.2 dongt, alone, ensure that the fomposition
physical parameters of the waste gas are homogenedusy Therefore, an appropriafe sampling
egy has to be applied (see Figure 4).

no

Assessment of homogeneity
of the measurandin
accordance with’8.3

Distribution of the
measurand is homogenous

yes

Grid sampling
in accordance with 8.2

no

Calculation of the
expanded uncertainty U o
according to 8.3

Sampling at any point

Uncertainty of position
meets the uncertainty
requirement
Upos = OISUperm

yes

no

Grid sampling
in accordance with 8.2

Sampling at a
representative point

Figure 4 — Scheme of the sampling strategy
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When measuring particulates or measured components that have a particulate phase as well as a
vapour phase (e.g. dioxins or metals), it is always necessary to perform grid measurements as specified
in 8.2.

When measuring gaseous mass concentrations of waste gas, the sampling strategy depends on the
homogeneity of the waste gas which canbe assessed according to 8.3 on the basis of the grid measurement
approach outlined in 8.2. The sample may be taken at any single measurement point in the measurement
plane provided that the homogeneity of the distribution of the measurand in the measurement plane
has been demonstrated according to 8.3. The sample may be taken at a representative measurement
point in the measurement plane, if the distribution of the measurand has been shown inhomogeneous

according to the criteria in 8.3 but without exceeding the permissible expanded uncertainty

U as

perm

specified in

NOTE If
previous me
homogeneity|

Grid measui
method is rq

8.2 Meas

In case of dy
isokinetic sd

If gaseous (
is required
Furthermorj
be maintain|

When gased

B.3.In all other cases, the measurements have to be periormed as grid measurements
information on the distribution of the measurand in the measurement plane is available'(€.g.

hsurements or former measurement reports), it is not necessary to repeat the assessment

ements are not always feasible for automated methods. When the sampling of an auton

urement of particulates and other components by grid imeasurements

st or any particulate matter or water droplets, grid measutéments shall be performed
mpling.

omponents are measured in parallel with particulaté matter, where isokinetic sam

the flow rate in the secondary lines need te~bé proportional to the total flow
e, the absorption or adsorption efficiency of the collecting media of the gaseous phase
ed.

us components are being measured, thée following two cases of grid measurements c3

from
f the

1ated

stricted to one point, a representative sampling position shall be selected according t¢ 8.4.

with

pling
rate.
shall

in be

distinguished:

a) ifthe mpasurement uses a collecting phasg, the following two procedures can be applied:

the irtial

are

1) flow rate through the collecting media can be adapted to the local mass flow in the p3

h (mass flow proportionalksampling);

the
(m3
cas

2) flow rate cannot bé adapted without decreasing the collection efficiency of the syjstem
nual methods with e/g. washing bottles) or cannot be changed (automated methods); ifp this
e the sample istaken at each point during a time period proportional to the local velocity;

b) if the cd
for exar
require
concent]

lane,
hat is
local

ncentration-is determined directly at the measurement points in the measurement p
hple usinig automated reference methods, then the sample mass flow per partial area t}
 for the calculation, i.e. the mass flow density, is calculated from the combination of
ration and local velocity (see Formula (G.10) of Annex G).

The dimensions of the sampling plane dictate the minimum number of sampling points. This number
increases as the duct dimensions increase.

Tables 2 and 3 specify the minimum number of sampling points to be used for circular and rectangular
ducts respectively. The sampling points to be used shall be located at the centre of equal areas in the
sampling plane (see Annex D).

Sampling points shall be located either more than 3 % of the sampling line length or more than 5 cm
whichever is the greater value from the inner duct wall. This can arise when selecting more than the
minimum numbers of sampling points presented in Tables 2 and 3, for example in cases of unusual duct
shape.
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Table 2 — Minimum number of sampling points for circular ducts

NOTH
repre

NOTH
desig]

Ifag
accey

1

2

'id measurement cannot be performed due to the restricted number of sampling ports
s to sanipling ports, the available measurement lines shall be used. The deviation an
for the deviation shall be reported.

8.3

Determination of hnmngpnpity

Range of sam- |Range of ducts| Minimum number | Minimum number of
pling plane areas diameters of sampling lines | sampling points per
(diameters) plane
m? m
<01 <0,35 — 1a
0,1to 1,0 0,35to 1,1 2 4
1,1to 2,0 >1,1t0 1,6 2 8
>2,0 >1,6 2 atleast 12
and 4 per m="®

a  Using only one sampling point can give rise to errors greater than those specified in'‘this
document.

b Forlarge ducts, 20 sampling points are generally sufficient.

Table 3 — Minimum number of sampling points for rectangular ducts

Range of sampling plane Minimum number of Minimum number of
areas side sampling points
divisions 2
m2

<0,1 — 1b

0,1to 1,0 2 4

1,1t0 2,0 3 9
>2,0 >3 atleast 12

and 4 per m? ¢

3 Other side divisions can be necessary, for example if the longest duct side length is more
than twice the length of the shortest’side (see C.3).

b Using only one sampling poifitican give rise to errors greater than those specified in this
document.

¢ Forlarge ducts, 20 sampling points are generally sufficient.

If a high levelof-confidence is required for certain questions, for example in guarantee, {
N measurements,iore measurement points may need to be incorporated in planning.

When the requirements for the sampling plane cannot be met, it may be possibl¢ to improve
sentative sampling by increasing the number of sampling points above those specified in Tabl

bs 2 and 3.

lcceptance or

br restricted
l the reason

Waste gas is assumed to be homogeneous for an individual measurand, if the actual value varies only in
time but not over the measurement plane. The test for homogeneity is shown in Figure 5.
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Determine sampling points
for grid measurement

l

Install a portable automated emission
measuring system at fixed point and
another for grid measurement

l

Perform parallel measurements at a
single point and each grid point and
record Yigrid andy,

l

Calculate 7ry, 1, S grid and S ¢

yes

S grid < Sref

ll’lO

Calculate F-factor

l

F<F

yes Distribution of measurand is
N-1;N-1; 0,95 homogenous
l no

Distribution of measurand is
inhomogenous

l

Calculate 5,45, Upos and U peppy

Sampling at any point

es
Upos > 0,50 5erin Y Grid sampling

ll’lO

$ampling at onerepresentative point
where r; is closestto r

Figure 5 — Schematic diagram of homogeneity test

Homogeneity of the distribution of a measurand in the measurement plane shall be determined by a grid
measurement and for the same operating conditions of the measurand specified in the measurement
objective. Since the measurand also varies in time due to fluctuations in the process, additional parallel
measurements with an independent measuring system at a fixed point in the measurement section
shall be performed.

NOTE1 Thedistribution of measurandsinthe waste gas can still be inhomogeneous even when a homogeneous
waste gas velocity distribution has been observed.

NOTE 2 Homogeneity can be demonstrated for the measurand considered or for a surrogate parameter, e.g.

continuously measured total organic carbon can be used as a surrogate parameter for the homogeneity of the
toluene mass concentration.
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or fuel. A change in such factors can cause a repetition of the determination of the homogeneity.

NOTE4  Homogeneity is usually determined using direct-reading instruments.

Homogeneity is usually determined once. The homogeneity is influenced by certain factors like load

The following procedure covering spatial and temporal variations shall be applied to determine the

homogeneity:
a) determine the sampling points for the grid measurement according to 8.2;
b) install the probe of the measuring system for the grid measurement;
c) imstatttheprobeofamrimdependent mreasuring systenT {reference measuremernt)ata fixed point in
the measurement section;
d) 4djust the sample flow in both systems in order to obtain equal response times;
e) perform a grid measurement and in parallel measurements at a fixed pdint'in the measurement
gection, with a sampling time of at least four times the response time of.the measuring system but
ot less than three minutes for each sampling point;
OTES5  According to ISO 14956 the sampling time at each point¢is™four times the respgnse time for
ynamic processes and ten times the response time for highly dynamfo processes.
OTE 6  If there are substantial variations in the actual reference value in time, the inhonjogeneity can
ot be distinguished from the effects due to process variations: Therefore the process conditi¢ns should be
3s stable as possible during the grid measurements.
f) record for each sampling point i the actual value; .4 of the measurand in the grid apd the value
Yiref Of the reference measurement;
g) (¢alculate for each sampling point i the ratie\; according to Formula (5):
Vi grid
_ Jigrid (5)
yi,ref
h) ¢alculate
1+ standard deviation 54 of the grid measurements according to Formula (6):
1w 2
Sgrid = Z(yi,grid - )_’grid ) (6)
A
1 standard deviation s, of the reference measurements according to Formula (7):
1 < 2
ref \ N_12<y1,ref yref) ( )
\ =1
— average r of the ratios r; according to Formula (8):
1 &
F=— 2 ®)
N “
i=1
NOTE 7 The standard deviation s represents the variations in time due to fluctuations in the
process and analysis. The standard deviation s, ;4 represents these variations as well as the variations
due to the position in the cross-section of the éuct [see K)]. If 54,44 is significantly greater than s, the
waste gas is inhomogeneous. The significance can be tested usmg the statistical F-test.
i) ifsgpq is greater than s, calculate the F-factor according to Formula (9):
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S2 id
1i
F:gz— 9)

Sref

if the F-factor is less than Fy_;.y 1.9 95 for the number of sampling points as given in Table 4, or if
Soriq 1S smaller or equal to s, the waste gas is assumed to be homogeneous and future sampling of
t%e waste gas may be performed at any point in the measurement plane instead of sampling at all
the points of the grid;

NOTE8 The standard deviation s,.;4 is generally greater than s, since it always includes additional
contributions caused by the spatial ingnomogeneity. In the case of spatially homogenous distributions, where
the Stan']arr] deviations donot diffor cignifir‘anHy’ cre[ canhe ]argnr than Cgrlﬂ for statistical reasons due to

the limited number of samples.

if the Fyfactor is greater or equal to the Fy_;.y ;.9 95 for the number of measurements as’given in
Table 4,|the distribution in the waste gas is inhomogeneous;

j)  ifthe ditribution is inhomogenous, calculate the standard deviation s, of the position in the ¢ross
section faccording to Formula (10) and the corresponding expanded uncertainty U, accordipg to
Formula (11):

2 2
Spos|=/ Sgrid ~ Sref (10)
Upos =1N-1;0,95 XSpos (11)

where fy_1.¢ o5 is the Student's t-factor for a number of degrees of freedom of N-1 and a confidence
level of P5 %;

specified for the measurand considergd or

k) determine the permissible expanded uncertainty ¥/,

the corjesponding surrogate parameter;

NOTE 9| In some EU Directives (see [6],[Z]).the uncertainty is expressed as half of the length of a[95 %
confidenjce interval and as a percentage P‘ef the emission limit value E. Then, the permissible expgnded
uncertainty Uy, and the corresponding standard deviation o, are given by Upe., = P E'and oy = P H/1,96
(as descfbed in EN 14181). These uncertainties are specified in the EU Directives for standard condifions.
Based o1 the measurement objectiVe;it can be necessary to convert these values to operating conditions.

NOTE 1q  For O, and CO, ancexpanded uncertainty Uy, of 6 % of the measurement range and for H,0 an

expanded uncertainty U, g, 0f 30 % of the measurement range can be used.

NOTE 1] Anexpandédimcertainty U establishes an interval [y - U; y + U] around the result of measurgment
y. withinlwhich the uitknown true value is expected to be with 95 % confidence.

The conseqtiences of the observed inhomogeneity depend on the permissible expanded uncertpinty
U

perm*

If U, is lessor equal to 50 % of the permissible expanded Uncertainty U,. future measurements
may be performed at one representative point in the measurement plane, since the contribution of the
uncertainty due to the inhomogeneity of the waste gas to the total uncertainty is negligible. The grid
point with the ratio r; nearest to the average value r of the ratios is assumed to be the representative
point.

If Uy, is greater than 50 % of the permissible expanded uncertainty U future measurements shall

‘ perm’
be performed as grid measurements.

Homogeneity can be demonstrated using only one single measuring system to determine firstly the
homogeneity of spatial distribution of the measurand in the measurement plane by grid measurement
and secondly at a fixed point the variation of the measurand in time following all the steps of the
procedure outlined in 8.3. This simplified procedure is adequate in the case of demonstrated
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homogeneity or inhomogeneity (Ups > 0,5 Uperpy). If the result is inhomogeneity and U5 < 0,5 Upepy
then the procedure with two independent measuring systems has to be performed.

NOTE 12 The independent measuring system at a fixed point can be a permanently installed AMS, working
according to EN 14181. In this case, item d) should be taken into account.

Measured results obtained by measurements at the representative point are only representative for the
measurand itself (e.g. mass concentration, mass flow density).

NOTE 13 The average concentration in the waste gas duct can be determined by dividing the total average mass
flow by the average volumetric flow in the measurement plane (see Formula (G.2) of Annex G).

Table 4 — F-factors and t-factors as function of the number of sampling poiJlts
for a confidence level of 95 %!°]
Number of F-factor t-factor Number of F-factor t-factpr
sampling sampling
points points

N F N1, n-1,095 tn-1;095 N F na(nv1.095 En-1,0p5

4 9,28 3,182 19 2,22 2,101

5 6,39 2,776 20 2,17 2,098

6 5,05 2,571 21 2,12 2,08p

7 4,28 2,447 22 2,08 2,08p

8 3,79 2,365 23 2,05 2,074

9 3,44 2,306 24 2,01 2,06p

10 3,18 2,262 25 1,98 2,064

11 2,98 2,228 26 1,96 2,06p

12 2,82 2,201 27 1,93 2,05p

13 2,69 2,179 28 1,90 2,05p

14 2,58 2,160 29 1,88 2,048

15 2,48 2,145 30 1,86 2,04p

16 2,40 2,131 31 1,84 2,04p

17 2(33 2,120 32 1,82 2,03p

18 2,27 2,110 33 1,80 2,03p
Examples of the detefmination of the homogeneity of waste gas are presented in E.1.
8.4 | Permanently installed AMS
Permanently installed AMS are usually restricted to sampling at a single point, or along a single line-of-
sight|. These sampling points or lines shall be located such that a representative sample of th¢ measurand
is obtained. They shall be positioned so as not to obstruct, or be affected by sampling probes used to

perform grid measurements (see Figure 3).

For AMS used for continuous monitoring of emissions, it is necessary that the measurement point is
representative for the mass flow density and often also the oxygen volume fraction. Therefore, the best
available sampling point for AMS shall be determined according to the following procedure:

a) determine the sampling points for the grid measurement according to 8.2;
b) install the probe of the measuring system for the grid measurement;

c) install the probe of an independent measuring system (reference measurement) at a fixed point in
the measurement section;

d) adjust the sample flow in both systems in order to obtain equal response times;
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perform a grid measurement and in parallel measurements at a fixed point in the measurement
section, with a sampling time of at least four times the response time of the measuring system but

not less

f)
oxygen
Ogri

g) calculat

F

qandc

than three minutes at each sampling point;

record for each grid point the observed reference gas temperature T, waste gas velocity v

volume fraction o..¢ and the mass concentration ¢ and the observed values Ty,

gria Of the profile measurement;

F. .

rep,i

according to Formula (12):

e for each grid point i the factor

T, ef,i Oref,i

Corid,i X Varid,i 21%-
X X

T

ref’
Vorids

(12)

ep,i —

NOTE 1
and/or oxygsd

The best av.
is nearest td
practical to

NOTE 2
standard ref
framework.

E.2 gives an

9 Measu

The measur
the measurf{
results to b
conditions.

NOTE 1
measuremen

NOTE2 If
theuseofas

An emission

a)

executiy
e.g.

ope

nan

The terms (21 % - 0,.¢¢)/(21 % - 0gpig,) and (Trf; / Tyriq,) are only used if variations of temper|

The remaining deviation from representativeness is incorporated by tHe calibration of the AMS
brence methods according to EN 14181 and is therefore not subject for special attention if this

The measurement report for the customer does not contain every detail which is included i

r
Crefi XVref,i Igrid,i 21%— Ogrid,i

n content occur in the measurement plane (e.g. at waste incinerators, combustion plants).

hilable sampling point of the AMS for concentration measurements is the point where
the average value F, of all the grid points. The AMS probe should be placed as close]
this point.

example of the determination of a suitable measurement point for AMS.
rement report

ement objective and the measurement plan. It shall provide sufficient detail to enabl
e traced back through the calculations:to the collected basic data and process oper

L file or work file.

measurements are being ahdertaken for regulatory purposes, the competent authority can sy
andard report format,

measurement repert shall include at least the following items:

e summary<providing a general overview of the measurement work and results incly

rator’s name and the address of the process plant where the measurement was made,

né-and address of the testing laboratory,

ature

F

rep,i
as 1S

with

ement report shall provide a comprehensivézaccount of the measurements, a description of

e the
ating

In the

ecify

1ding

sub

dev
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measurement objective,

stance(s) measured in the waste gas,

sampling date (day, month and year),
measurement uncertainties,

measurement methods applied,

iations from the measurement plan and

result(s) of measurement expressed in SI units and at the specified conditions;
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a to specific

easurement

b) definition of the project by specification of the measurement objective(s);
c) description of the plant and materials handled (see example in B.2);
d) identification of measurement section and measurement site;
e) identification of the measurement methods and apparatus according individual standards;
f) operating conditions of the plant during measurement including waste gas cleaning units[3l;
g) reference on how to access and use the original data for verification purposes;
h) preastrementresuitsamdotherretevantdatarecessaryfortheinterpretationrof resutts;
i) ¢alculation procedures;
INOTE3  Typical calculations in the case of emission measurement are conveysion of dal
gtandard conditions (see Annex C).
j) presentation of the results.
The feporting requirements of individual standards shall be observed:
Any deviation from this document shall be justified and documented’in the measurement rgport.
Any |deviation from the measurement plan shall be justifiéd and documented in the m
repoft.
The feporting follows all the steps of the planning proce@lures as described in Clause 7.Itisre

to use the completed formsl3! (e.g. according to B.3) 6f the emission measurement plannin
part jof the emission measurement report.

A suitable example of an emission measurement report is given in Annex F in connection w|

commended
b as the first

ith B.3.
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Annex A
(informative)

Design and construction of measurement sites

A.1 Examples of measurement ports

Large recta

respective measurement objective. In the case of a correspondingly large waste gas duet.dia

rectangular;
being instal
recommend
smaller(12],

Figure A.1s

Figure A.2 {
150 mm by

Round port;
above 0,7 m

Figure A.3 s

Figure A.4 4
The measur

The sealing
measureme
example as

measurement ports which can be sealed with covers have proved useful the long
led parallel to the direction of flow. A minimum surface area of 100 mm)x 250 m
ed, except for small ducts (less than 0,7 m diameter) for which the pofit)size needs

hows an example of a rectangular measurement portl12l,

hows an example of a rectangular measurement port with«over having an open wid
BOO0 mm. The bore holes for attaching the sealing cover shguld have a diameter of 15 mj

hows an example of a round measurement port with an internal diameter of 125 mm.

hows an example of a round measurement'port with a diameter of 75 mm for small d
ement port can be equipped with an intesnal or external thread[10],

hts by a plate which contains méasurement ports adapted to the measured componen
n Figure A.3 or Figure A.4).

hgular ports, which can be closed with tight-sealing covers, can be readily adapte:[

to a
eter,
side
m is
o be

th of
n[10].

are widely used and for these a minimum diameter ef125 mm is recommended for ducts

ucts.

rovers of the measurement ports shown in Figure A.1 and Figure A.2 can be replaced dyring

t (for

30
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Dimensions in millimetres

Key
1 8 holes, @ 9 mm

100
1
Ka ¢
m
-
4 ¢
g S
% 4
Ros o
15
160

Figure A.1 — Example of a rectangular measurement port
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200
100

Dimensions in millimetres
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Figure A.2 — Example of atectangular measurement port equipped with a cover
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1 :range with internal diameter d;, = 125 mm

ipe stub withinternal diameterd,, ;= 125 mmand minimumlength [, ;, = 75 mm from duct wall (recommended
100 mm)

3  ductwall

Figure A.3 — Example of a round measurement port with 125 mm internal diammeter
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Dimensions in millimetres

b)

®100

R3"

@75

kN
V00

N

_a_, E,EsESs

N\

Key
1  ductwall
2 75 mm pipe nipple

3 closure cap
closure stopper

Figure A.4 — Example of a round measurement port with 75 mm
internal diameter and internal thread (a) and external thread (b)
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A.2 Examples of measurement sections and working platforms

Figure A.5 to Figure A.8 show examples of working platforms and the position of the measurement
ports in measurement sections of horizontal or vertical round and rectangular flow ducts.

I
{
(¥g)
< 2
N
(!
b
{
(¥a)
Key
1  Working platform d, hydraulic diameter of the waste gas duqt
2 I‘easurement port, e depth of the working area
3 easurement plane h  minimum working height
b Width of the Werking area
a2 Flow diréction.
Figure A.5 — Example of a working platform and the position of measurement ports

1n a vertical rectangular waste gas duct
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Key
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36

working

platform

measurement port

measurement plane

width of|the working area

Flow dir

Figure

bction.

d, hydratlic diameter of the waste gas duct
e - depth of the working area
h. “minimum working height

A.6 — Example of a working platform and the position of the measurement ports

in a horizontal rectangular waste gas duct
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Q
Key

1 vorKing platform e depth of the working area

2 measurement port g  passage width between the working areas
b  width of the working area h  working height

d internal diameter of the waste gas duct

Figure A.7 — Example of a working platform and the position of measurement ports
in a vertical round waste gas duct
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1
: /
e
Key
1 working platform dout outer diametér/of the waste gas duct
2 mefsurement port e depth of théyworking area
b,b’,b" width of the working area h working’height
d int¢rnal diameter of the waste gas duct

Figure A.8 — Example of a working platform and the position of the measurement ports
in a horizontal round waste gas duct
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Annex B
(informative)

Measurement planning

B.1 Examples of the timing of emission measurements

B.1.1 Continuous processes

Contlnuous processes are characterized by the fact that the material properties of, the fugls used and
the rhaterials handled in the process as well as the mode of operation of the plant are approximately
constant over a relatively long period of time. The emission behaviour of'such procesges can thus
likewise be considered as essentially unchanged with time. The emissionsmeasurement can therefore
be mfade at any point in time. For certain types of plant, for example hotwater plants, betause of low
seas¢nal demand it is not always possible to operate the plant under«{ull load for 30 min. Inj these cases
a shgrter sampling time can also be used if the half-hourly mean yalue can be calculated with sufficient
certdinty.

EXANPLE Typical continuous processes are
— ¢ombustion plants,

— drying plants,

— ¢oating plants,

— 1otary kiln plants and

— (¢rushing and classification plants.

B.1.2 Continuous processes subject to time-dependent effects

Continuous processes with influences varying over time can be characterized by the fa¢t that with
subsfantially constant material feed, time-dependent process steps can affect the emissioh behaviour.
The timing of the emission measurements shall give adequate consideration to these conditions and
take[the changes in.emission behaviour with time into account sufficiently.

EXANPLE Typical continuous processes having influences varying over time are
— fliring progeSses in brick manufacture (e.g. trolley charging in tunnel kilns) and

— glass'manufacture in tank furnaces.

B.1.3 Batch processes

Batch processes are predominantly characterized by the fact that the emission behaviour is controlled,
or can be controlled, by operating effects which vary as a function of material and/or with time. The
timing of the emission measurements shall then take these circumstances into account sufficiently.
Especially in the case of very short-term emission events, a check shall be made as to whether several
similar emission events can be combined in one sampling in order to enable evaluation of the operating
state.

EXAMPLE Typical batch processes are
— batch processes in the chemical industry,

— nonferrous metal melting plants,
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— steel production and

— pot furnaces in glass production.

B.2 Example for collection of data and available knowledge

B.2.1 Introduction

As arule itis not necessary to incorporate each and every detail of the following lists (see B.2.2 to B.2.8)
into the report. It is much more important to note possible peculiarities of the plant to be investigated.

The followi g list serves asan aid butmakesnoclaimtobe r‘nmp]nfn

B.2.2 General information

General infgrmation can include the following:
a) customer (operator's name);

b) contact|person;

c) telephone, fax, e-mail;

d) date of ;gommencement of contract;

e) measurgment objective;

f) compornents to be measured in fulfilment of the objective.

B.2.3 Data particular to the plant

Data particylar to the plant can include the following;
a) type of plant to be investigated;

b) plantidpntification/location of the plant;

c) operating capacity/throughput;

d) manufapturer/factory number;

e) year of construction;

f) feed materials/combustible materials;

g) operating periods-and load performance;

h) periods|with unfavourable emission conditions;

i) response of the plant during start-up and shut-down;
j)  batch process;

k) sources of emission;

1) source numbers (from emissions declaration);

m) characteristic data regarding exhaust fans;

n) type and elevation of the waste gas duct;

0) diameter and cross-section of the waste gas duct;

p) necessity of consideration of diffuse emission sources.
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B.2.4 Facilities for the reduction of emissions

Other cleaning units are to be described in a corresponding way. As a rule, only one of the waste
gas cleaning units described under a) to j) needs to be indicated for the particular plant in question.
However, it is quite possible to describe combinations.

a)

b)

d)

f)

Electrostatic precipitator

Manufacturer of the electrostatic precipitator, year of manufacture, number o

f collection

zones (fields), effective precipitation area, residence time in the electric field, de-dusting (wet/

mechanical), upstream cooling (yes/no), water injection upstream of precipitator (y

es/no), flow
t service.

throuah nracinitatar nominal ratinag afthao cuetian forn intarvale hatwaaon carvicing 1o
roagprecs O re-otrctrot o e e v oo o e oW e SO ey et TOr

Preorcot T ITOTITIIrorrroreret S 5 o7

Thermal combustion units with/without heat exchanger

Manufacturer of the thermal afterburner unit, year of manufacture, type of'burner,
ddded, fuel throughput, temperature of the reaction chamber, residence’time in {
¢hamber, nominal rating of the suction fan, intervals between servicing; last service.

[atalytic combustion unit

Manufacturer of the catalytic combustion unit, year of manufacture, type of burner,
fuel throughput, catalyst type, operating time of the catalyst{reaction chamber temper
fesidence time, nominal rating of the suction fan, intervalsthetween servicing, last sery

Activated carbon filter with/without recovery

Manufacturer of the activated carbon filter, yedr¥ of manufacture, activated carh

gupplier/particle size/type of activated carbon; height of the activated carbon bed in t
lane of the activated carbon bed in the adsorber, frequency of desorption, type of]

Eominal rating of the suction fan, pressure difference between raw gas/cleaned g3
etween servicing, last service.

[yclone unit

Manufacturer of the cyclone unit, model, year of manufacture, number of individy
grrangement (parallel/in series), cyclone diameter, nominal rating of the suction f3
dlifference between raw~-gas/cleaned gas, volume flow of gas, intervals between se
gervice.

Wet precipitator

Manufacturef2of the wet precipitator, model, year of manufacture, working principl
precipitator/(e.g. scrubbing tower, venturi scrubber, vortex scrubber, rotary scrubbg
¢hange precipitator):

type of fuel
he reaction

type of fuel,
ature, mean
rice.

on content,
he adsorber,
desorption,
s, intervals

al cyclones,
n, pressure
rvicing, last

b of the wet
I, pressure-

1) “in'the case of a scrubbing tower
— the flow of the scrubbing liquid: cocurrent, countercurrent, cross-current),
— construction: without internals, with plates, packed,
— number of plates: sieve plates, bubble cap plates etc.,
— height of the packed column,
— type of packing: Raschig rings, saddles, disks and
— type of scrubbing liquid;
2) inthe case of vortex scrubbers

water level and
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g)

h)

42

— sludge discharge;
3) inthe case of pressure-change precipitators
— number of precipitation elements,
— scrubbing liquid,
— additives,

— amount of scrubbing liquid and

— rscrubbingtquid-flow;
4) for pll wet precipitators
— |amount of fresh scrubbing liquid added,
— |frequency of scrubbing liquid replacement,
— | pH value,
— |stage 1,
— |stage 2,
— |temperature of the scrubbing liquid in the reservoir,
— |last replacement of the scrubbing liquid in the setfling tank,
— |type of downstream droplet precipitator,
— |nominal rating of the suction fan,
— |intervals between servicing and
— |last service.
Woven fabric filter

Manufagturer of the woven fabric filter, type, year of manufacture, number of filter champers,
number| of tubes/bags, filter'area, throughput per unit area of filter (gross/net), filter mater?;ll, de-
dusting|(mechanical/pneunratic), de-dusting frequency, last filter cloth change, pressure diffefence
between raw gas and ¢léaned gas sides, nominal rating of the suction fan, intervals betyween
servicing, last service:

Nitrogeh oxide abatement measures

Primary measures:

— flue gas recirculation, progressive combustion;
secondary measures:

— SNCR, SCR

reducing agent.

Bio-filter

Manufacturer of the bio-filter, year of manufacture, bed depth, throughput per unit area, material,
raw gas temperature, water vapour content of the raw gas, pressure difference between raw gas/
cleaned gas, intervals between changing the filter bed, last filter bed change, intervals between
servicing, last service.
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j) Condensation and sedimentation precipitation

Manufacturer, year of manufacture, construction type, flow (counter-current, co-current, cross-
current), cooling liquid, condensate removal, baffles, cycling for melting off, ribbed tubes, injection
condensers, pressure drop, intervals between servicing, last service.

B.2.5 Calibration and annual surveillance test of AMS
AMS is available/is not available (if necessary; fill out for each pollutant/constituent):

a) measured component/Reference quantity;

b) Ievice manufacturer;
c) device model:

1) adjusted measuring range;

2) relationship of the adjusted measuring range to the emission limit;
3) device model suitability tested;

4) adjusted measuring range suitability tested;

3) model suited to anticipated application;

d) placement of the sampling point:
Ication: in advance of or subsequent to suction dtaught ventilator;
e) type of sampling (point/line/grid):
proper installation of the devices already certified;
f) last annual surveillance test (AST);
g) last calibration;

h) possibilities of influencing the measured substance concentrations during the comparifon tests for
the calibration of the measuring instruments;

i) 4qutomatic analysis.ofthe measurement results:
1) computermanufacturer;

computer type, software version;

)
3) _eOmputer type suitability tested;
]

application covered by suitahility test;

5) proper parameterization and functional operation certified;
6) lastannual surveillance test.
B.2.6 Measurement site
Data particular to the measurement site can include the following:
a) location of the measurement site and measurement plane;
b) number and size of the measurement ports;

c) size of the working platform;
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secured accessibility/device transport;

weather protection;

d)

e) supplies;

f) working table;
g)

h) auxiliar

y staff for measurements.

B.2.7 Measuring devices for waste gas constituents and reference quantities

Description
separate list

B.2.8 Req
Data partict
a)
b)
<)
d)

AC curr]

water;

compre

B.3 Exa

This exam:[e

Text presen
elaborated 4

Emission nj
Name of the
Reference N
Plant operaf
Location:
Type of meq
Order numb
Order date:

Contents:

Objectives:

44

of measuring devices for waste gas constituents and reference quantities, if neces
according to pollutants.

uired supplies
lar to the required supplies can include the following:

ent/fused;

three phase current/fused;

Esed air.

ple form of an emission measurementplan

is informative and lists elements which cane used when a measurement plan is prep
ed in italics in the example form is for information only and should not be presented i
mission measurement plan.

easurement plan
accredited testing lahoTatory: ...

fo./Report No.:

or:

surement:

sary,

hred.
n the

er:
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Identification of the measurement objective
Customer
Plant operator

Location

The information as to the location shall clearly indicate the position of the emission source in the

case of a larger site, e.g. site C ..., Building 5.

1.4

1.5
1.5.1
1.5.72
1.6

1.7

1.8
1.9
1.10
1.11

1.12

Plant

Information with reference to Council Directive 96/61/EC, Annex 1.
Planned time of measurement (date)

Date of the last measurement

Date of the next measurement

Reason for the measurement

See 7.1.2 of this document.

Objectives

This paragraph should give a detailed description of the measurement objective. I
measurements for the purposes of a permit:or orders, the relevant numbers of the noti
the specified emission limit values are t6’be given. In the case of measurements for
of European or/and national legislation, the numbers or limit values given there are
Reference is to be made to particular’circumstances relating to measurement planni
operation, material transfer processes. Reference should also be made to prior knoy
the plant (e.g. preliminary experiments, adjustment work, if applicable according to t

Measured components

Indication of whetlier and with whom the measurement plan has been agre
Names of all persons participating in sampling on-site and number of assist
Participation of further testing laboratories

Technically responsible person (technical supervisor)

2 10 0 LSRR

h the case of
ce/order and
the purposes
to be stated.
ng e.g. batch
vledge about
he operator).

ants

2.2

Tol 1 LL
TCICPTIULIT / TAA TIU s s e da drad it it it A A E R AR AR R R R R R R Rt annaans

D0 - U

Description of the plant, materials handled

Type of plant

Any designation deviation from the Council Directive 96/61/EC, Annex 1 for more precise description.

Description of the plant
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2.3
2.31
2.3.2
2.3.2.1
2.3.2.2
2.3.2.3
2.3.24
2.3.2.5

2.4

2.5

2.5.1
2.5.2
2.6

2.6.1
2.6.1.1

46

Brief description of the plant and the process with particular emphasis on the plant components,
which are of particular importance in connection with the emission of air pollutants. In complex
cases, a simplified flow diagram of the plant is to be attached. The requirement for a plant de-
scription is formulated in 7.1.2 of this document . The plant description shall include not only the
absolute but also a specific capacity figure in terms of, for example, the raw materials and/or the
products. Parameters customary for the branch of industry shall be used. The figures shall be able
to be assigned, as appropriate, to the operating unit or the respective emission source. Thus, fuels
or heating media used for specific plant components or operating units are to be indicated, since
in connection with No. 2.4 it can here be possible to draw conclusions as to the emission charac-
teristics, e.g. fuel ratios in the case of mixed firing.

Location of the plant and description of the emission source
Location

Emission source

Height above ground

Cross-sectional area of outlet

Easting/northing value

Buiilding design

Assignment specific to national or local code

Operating Company NO.: . e ssssnsesssssssssssessssssessfessensens
PIRNEINO.: i e et

Far any further dealings, a precise description of the location is necessary. In this context, a Jtate-
ment regarding the way to draw offthe waste gas and the figures for the easting and northing
vdlues for each source are likewise kequired.

Statement of raw materialsjpessible according to the permit

Tq ensure that the requiremeént for an operating state with maximum emissions or other relg¢vant
stfite to be measured is:met in respect of emission-relevant raw materials during the measurement,
appropriate information has to be given.

Operating times

Stptementofthe daily and weekly total operating times and also times of possible pollutant pmis-
signs are-necessary for the determination of the total emission over greater periods of time.

Total operating time

Emission time according to information of the plant operator
Device for collection and abating the emissions

A description of these devices should make possible an assessment of the waste gas cleaning equip-
ment and give an indication as to whether appreciable diffuse emissions of air pollutants can occur
from the plant in question. See B.2.4 of this document.

Device for collection the emissions

Apparatus for emission collection
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Collection element

Fan data

Suction area

Device for abating the emissions

Description in accordance with B.2.4 of this document.

3.2

3.3

3.4

3.5

Description of the measurement site
Position of the measurement plane

The exact position of the measurement plane in the waste gas pipe systeni’is to be in
position of the measurement plane shall be indicated in such a way that it can be un
seen from the description whether the installation of the measurément site has beer
in accordance with 6.2.1 of this document. If the measurement3Site does not corre
requirements of this document, appropriate modifications shall be given and the me
have been taken in order to obtain acceptable measurement results shall be describé

Diameter of the waste gas duct at the measuremént plane or indication of the
of the measurement plane

dicated. The
ambiguously
) carried out
spond to the
isures which
d.

dimensions

Number of measurement lines and position-of the measurement points in the measure-

ment plane

For emission sampling, the number and position of measurement points shall be sp
cordance with Clause 7 of this docuifient.

Measurement ports

The exact position of the measurement ports, also the additional ports e.g. temper
vapour on the waste gas duct shall be indicated and described. It can be necessary
sketch. See also 6.2:2 of this document .

Working platforins

The position-of the working platform, the space requirement, the supply and also saf,
ronmental-conditions shall be indicated and described. See also 6.2.3 of this docume

Measurement and analytic methods, devices

pcified in ac-

ature, water
to provide a

bty and envi-
t.

4.1

4.1.1

The measurement devices and methods used shall be indicated and described. If devices and
methods other than those examples listed here are used, a procedure analogous to that prescribed

is to be followed.
Determination of the waste gas boundary conditions
Flow velocity

Pitot tube in combination with

— micromanometer, MOAE]/EYPE: ..o

— electronic micromanometer, MOdel/LYPE: ...corcirrrereieerereeee e
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4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

48

Other fine differential pressure gauge, MoOdel/tyPe: ... virrrrinccinnreneereresee s

Vane anemometer, MOl /LY PE: ..o

Thermal anemometer, MOAEl/LYPE: ..o snses

Determination by calculation (e.g. from amount of fuel, air ratio, displacement volumes): .................

Determination by operating data (e.g. fan rating): ...

Static pressure in waste gas duct

U-tUDE MANOIMELET: ..ouvericireeisiressissises s ses s s bbb r3)
Manometer as specified in No. 4.1.1 with provision for the appropriate connectionsi,........
ir pressure at the measurement site

Iarometer, 00016 (=] 7o T T ST
Last check/calibDration: ... gt ses s
Waste gas temperature

Resistance thermometer, MOdel /LY Pe: ...ccorrrirrirereriririrr i S
INi-Cr-Ni thermocouple, MOAel/ LY Pe: ..ttt es
HE thEIMNOMETET ! ...t ese e

Dther temperature measuring instrumentsymodel/type: ......conrnnnnnnnnnsereeeens

It should be indicated whether the temperature measurement was determined continuou
¢ measurement point recognised gs-representative in the measurement plane during the 6
Jampling of the plant and recorded-by a recording device, logged by means of a data logging
gnd converted into half-hour means.

Proportion of water vapour in the waste gas

Adsorption on silica gel/calcium chloride/other and subsequent gravimetric determination:
Water vapour meter for gases, MOdel/tYPe: ..o s
PSychrometer; MOdel/EYPe ..o

LYY ok o o3 o DL o Y=Y

sly at
ntire
y unit

Waste gas density

Calculated waste gas density taking into account the proportions of
— oxygen (0,),

— carbon dioxide (CO,),

— atmospheric nitrogen (containing 0,933% of Ar),

— carbon monoxide (CO),

— other waste gas components such as ...,
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— waste gas water vapour content and
— waste gas temperature and pressure in the duct.
Waste gas dilution

E.g. for cooling purposes.

Gaseous and vapour emissions

4.2.1

4.2.1.

4.2.1.

4.2.1.
4.2.1.

4.2.1.

4.2.1.

Automated measurement methods

Measured component

Measurement method

EN, ISO or national sStandard: ........ccceeeeeeiececceeeecee e s
Principle of the method: ..o G B e
Analyser (model/type)

Measuring range set

Performance characteristics in case of instruments without suitability-tes

If instruments whose suitability for the measurement objective has been tested a
these shall be used. In the case of measuring devices whose suitability has not beé€
following performance characteristics.are to be indicated. How these data are deter
to be indicated.

-+

re available,
n tested, the
imined is also

Influence of accompanying substances (Cross-sensitivity): .....oooeevenececccnenenns
Response time (90 % IIE): ..o senses
Detection lMit: . s
ZT0 ALl s
Standard deviation, if applicable: ... ——
L0 L= 0 LT
Sampling equipment

Sampling prohe: heated: °C__unheated:
Dust filter: heated: ....ccocovviernicnne. °C  unheated:
Sampling line before gas treatment: heated: ........c.ccceovurenenee. °C  unheated:

Length: .o, m

Sampling line after gas treatment:
Length: .o, m

Materials of construction of gas-carrying parts: ......ooerereneeenenenensesseseseesennes
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SAMPIE GAS LTEALIMENE: ...t bbb

Temperature, regulated to: ........ccceeuene. °C
Desiccant (€.8. SIHCA ZEL): vt

4.2.1.7 Checking of the instrument characteristic using test gases

/1< € <= T
Test gas: e mg/m3
ANULACTUTET: ..ottt bbbttt st s e neanen
Date of MANUFACTUTE: ..ot sesens g fe b Tan e nesess s e seeanens
$tability guarantee: ............... months

Lertified: yes/no

hecking of the certificate by .......ccoeieeiinineenee. [0) s IVUIURRN

4.2.1.8 90 % response time of the complete measuring system

How this value was determined is also to be described;

4.2.19 Recording of the measured values

[Lontinuous by means of a pen recorder:

Line thickness: ......cccovvvrnrneece b

Quality class: ..c.cocvvrrrrrneee hsdecces Model/type: ..o
By means of a data logginginit:

(Computer), MOdel/LYPE: .o ees
LOZEING SOfEWATE: ...ttt
4.2.2 Manual meaSurement methods

4.2.2.1 Measured.component

4,2.2.2 lr[easurement method

EN, ISO or national Standard: ......cccccceveeeeececececeete ettt sttt sr et b st e srs e s e srssae b s
Principle of the MEethod: ...
4.2.2.3 Sampling equipment
Sampling probe:
LY N5 o = TP
heated/unheated/cooled

Particle filter:
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B2 01O
1LY =) - | TSP PP R
heated: ........ccocuueee. °C  unheated:

Absorption/AdSOrption AEVICES: ...t

Standard impinger, wash bottles with frits, silica gel tubes, activated carbon tubes etc.

100601 0 X o

DN 800100 0 o) Y0) & 0 1<) o1 R 0 =

If appropriate, sketch of the sampling train: ... et

Distance between intake orifice of the sampling probe and the sorbent or collectjon element:

Sample tranSfer: ... S e
Time between sampling and analysis: ... sesesesenens
Participation of another testing laboratory: ......ad o

Name, reasons, further details.

4.2.2.4  Analytical determination

Comprehensible description of the analytical method:..........cococcrnnniccnnnnccns e,
RF 000 0] (I ) W] 0 F= N = U (o) o LA PSSRSO RSOOSR
Analytical instruments:,.. 5 eeeneeennennes MOdel/tYPe:cinriiriririeiererrenesesse s e
Y 0 1cT0r Ui 1ol 8 0N (0] 0T U 10 T OOV TR FETPPR

GC columns, temperature/time programs
Standards (I€COVEIY TALES): ittt bttt st sesesessseseseens

COMDBUSEION LEMPETALUTE: ....eveeceeereeeet et s

Percentage distribution of loading:

0 00000
00 00X/
4.2.2.5 Performance characteristics in case of deviations from the standard
Influence of accompanying substances (Cross-SenSitivity): ....coccorerrnenerenenererrrerereresessesesesesenens
|1 =m0 103 0 0 B DS
MeaSUIremMENt UNCETTAINTY: .c.ovviereeeierieeieiseeresese e sessesses bbb bbbt

4.2.2.6 Measures for quality assurance
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All quality assurance measures taken shall be described, e.g.
— leak check of the sampling train,

— blank values,

— sampling conditions,

— uncertainty of the gas volume sampled, and

— uncertainty of pressure and temperature.

4.3 articulate emissions
4.3.1 I[easurement method
IEN, ISO or national Standard: ... i sae e sr e e s s
Principle of the Method: ... e e s

4.3.2

[P

pjampling apparatus
o 1 L) T Sy STV ET TP UPTP TP TFUPTPTORTS! EOPTO
Filter head with quartz wool sheathi: ... Gt e
Lombination of flat filter/filter head: ........ocedin e e
Dther adSOrPLioN AEVICES: ..ot S ettt eesseens
Design/material ..o e e
heated/unheated; internal in.duct; external on duct
$ampling probe:

1LY ) - | OOV ISR

heated/unheated
f appropriaté/sketch of the structure of the sampling device: ..o,

nformatien on the collection medium:

Sheet diameter and pore diaAMeLer: ...
Y N RN = oD Nl o757 o TSP
4.3.3 Work-up and evaluation of the collection medium
Drying temperature of the collection medium before and after exposure: ................. °C
Drying time of the collection medium before and after eXposure: ........cccovvereerrrenenenns h
Air-conditioned weighing room: yes/no

Balance:
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1LY BN s L= ol 0D 1 <) o

Y D ettt E bR p e

Performance characteristics in case of deviations from the standard

LY o=Yot (0 410 116 0 L

Measurement UNCertainty: ...

Measures for quality assurance

4.4

4.4.1

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

4.4.7

4.4.9

4.5

All quality assurance measures taken shall be described. See No. 4.2.2.6 of this stan

Odour emissions

Measurement method

EN, ISO or national standard: ... fae e e e bbb
Principle of the method: ...t
Sampling device

Structure, materials, boundary conditions of sampling in accordance with the stan
Olfactometer

Description of the test team

Evaluation of the samples

On site/in the laboratory after ......... h

Number of measurement series

Working times

Rest times for the test team

Toxic dust constituents

Particulate materials and materials which pass through a filter.

dard form.

Hard.

4.5.1

4.5.2

4.5.3
4.5.3.1

Measured component

Metals, metalloids and their COMPOUNAS: .....ccviieriririririrsrrere st

Measurement method

EN, ISO or national Standard: ... ss s ss e s sesssna s
Principle of the Method: ...
Sampling equipment

Retention system for particulate materials
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4.5.3.2

4.5.4

4.5.4.1

4.5.4.2

4.5.4.3

4.5.5

4.5.6

4.6
4.6.1

54

Information according to No. 4.3.2 of this standard report.

Absorption system for materials which pass through a filter

Information according to No. 4.2.2.3 of this standard report.

Sketch of the overall structure of the sampling device: ...
Work-up and evaluation of the measuring filter and the absorption material

Measuring filter

Determination of the mass of dust (see No. 4.3.3 of this standard report): ........cuueyi e
Description of the digestion method and analytical methods/standard: ..............’bar e
ANalytical INSEIUMENLES: ..coveiecereerererer s sessessesssssessesspe ey Tonse s sssssenspensencens
ManUIACTUTEI /LY PE: oo €T e ess s sssenssnnsfessesnes
Absorption solutions

Digestion process and analytical methods/standard:
ANAlytical INSEIUMENTS: ... s Fes e ettt
MaANULACEUT BT/ LY PO weeurerereierereeeeireeie et Bar st se bbb ss bt ae s s s nesse s sesnens
(Calibration methods
Addition MEtNOAS: ... e e
$tandard calibration Methods: ... e
Details of the standard SOIULIONS BSE: .......covriiciririirreeerereeree e e
Performance characteristics in case of deviations from the standard
[1OSS-SENSITIVITIES! ..o aiiinsirsisss bbb s snn s
Ftandard deVIatioNIN T et
DeteCtion I R ..ot s
Ieproducibility: .............................................................................................................................................

erformance characteristics for the dust content determination: ......cocoeeeeeeereseseesresesesess feresrens

Performance characteristics for the determination of the sum of particulate matter and matter
Which pass through @ fIlEer: ...

How these data were determined is also to be stated
Measures for quality assurance:

All quality assurance measures taken shall be described. See No. 4.2.2.6 of this standard report.

Emission of high toxic organic compounds

Measured component
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PCDD/F, PCB

4.6.2 Measurement methods

If appropriate, sketch of the structure of the sampling device: ...

4.6.3 Sampling equipment

SAMPIING PIODE: ..o e e
MaAtErTal: ooy e s
heated/unheated/cooled
Length: ....cceeenene. m

Material (nozzle and elboW JOINE): ... e N e e

Cooled condensation VESSEL: ... e
Adsorption devices (adsorbent-filter module/standard impinger): ... fernicinnenenns

MALETIAL: oo et e
SOTDENLE: o TR ettt ne et

PN 00100 ooy A0 ) ol o 1=) o s SR AR

Manufacturer/type/Material: ... e
Standards of SAMPIINE: ...cccueurririr e e

Distance between intake orifice of the sampling probe and the sorbent or collectjon element:

Participation of another testing 1aboratory: . ssnsssesssesse]eressressesses e

Name, reasons, further details.
4.6.4 Analytical determination

Comprehensible description of the analytical method: ...

1Y 0o (1 I/ 4 o 1RSSR

Y o108 3 Uolh 4 U0 100 B U (o) o ARSI
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GC columns, length of column, temperature/time programs
Analytical inStruments (MS): .o b et bbb pananas

1Y 0o L1 74 0TSSR

4.6.5 Performance characteristics in case of deviations from the standard

LS ool o 10 ) o 0 150 6D SRR

Measurement UNCErtainty b e O .
4.6.6 Measures for quality assurance:

\Il quality assurance measures taken shall be described. See No. 4.2.2.6 of this'standard report.

N

5 Planned operating condition of the plant during the measurements

Information on how the individual data have been obtained shdall be given; e.g. operator [nfor-
Ination or own investigations.

Signature T¢chnical supervisor Date

Appendix 1|
Catalog of gperating data of the waste gas cleaning units:
— Filters
Dedusting cycle, pressure drop, Jast filter change
— Electrostatic precipitators
Power drawn by the.fields/units, knocking cycle, last service
— Mechanjical precipitators

Last cleqning, last service

— Thermal combustion

Fuel usage, combustion temperature, last service
— Catalytic combustion

Energy usage, operating temperature, catalyst operating time, last service
— Adsorbers

Adsorbent, operating time, operating temperature, last service
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— Absorbers (chemisorption)

Sorbent, type/model, circulated amount, freshly added amount, pressure drop, last service, last sorbent
change

— Wet precipitators

Absorbent, additives, pH, pressure drop, operating temperature, scrubbing liquid circulation/feed, last
replacement of the absorbate (depending on the number of scrubbing stages, several data possible)

— Biofilters

Last change of the filter bed, bed thicKkness, pressure drop, raw gas water vapour content, raw gas
temperature

© IS0 2023 - All rights reserved 57


https://standardsiso.com/api/?name=6c46c6392b658f33bba63e5b0a58d824

ISO 15259:

2023(E)

Annex C
(informative)

Conversion to reference quantities

C.1 Conversion of volume fraction to mass concentration

A volume fr
M

c=f—

VI'I

where

Mass conce|
(273,15 K 4
22,41 1/mol

Abbreviated
dependent,
4,2 cm3/m3

C.2 Conv

The conver
conditions d

Fp = Tref
Tm
where
Tref
Tm

iction f(e. g. in 10-6) is converted to a mass concentration c (e.g. in mg/m3) by Formula

hol

hol

is the molar mass (e.g. in kg/mol);
is the molar volume (e.g. in m3/mol).

ntrations are usually reported at standard conditiens for temperature and preg
nd 101,325 kPa). Under these conditions the molatwolume is equal to 22,41 m3/ky
for all gases.

terms such as "ppm" and "ppb" shall not be used in document s. They are lang
hmbiguous and not needed since they only’stand for numbers, e.g. a volume fracti
or 4,2 x 106,
ersion of volume to standard conditions

sion factor Fp for the conyérsion of volume measured at temperature T, to stan
f temperature is given byFarmula (C.2):

is the (absolute) standard temperature;

is the (absolute) measured temperature of the gas sampled.

(C.1):

(€.1)

sure
hol =

uage
bn of

dard

€.2)

The conversion factor F, Tor the conversion of volume measured at pressure p , to standard conditions

of pressure is given by Ppormula (C.3):

—Pm
Fy=—"-
Pref
where
Pref s the standard pressure;
P, is the measured pressure of the gas sampled.
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The conversion factor F), for the conversion of volume measured at water vapour content h,, to standard
conditions of water vapour content is given by Formula (C.4):

100%—h
= 0= 'm (C.4)
100% — hyf
where
h..s isthe standard water vapour content (volume fraction, h..; = 0 % at dry conditions);

h,, isthe measured sample water vapour content (volume fraction) of the gas sampled.

The fonversion factor F, for the conversion of volume measured at oxygen contentr/tto standard
condjitions of oxygen content is given by Formula (C.5):

21 %-o
= 42 27%m (C.5)
21 %_Oref
where
Q.f Isthe standard oxygen content (volume fraction);
9, isthe measured oxygen content (volume fraction) ofithe gas sampled.

C.3 | Conversion of mass concentration with reference quantities

A mass concentration ¢ measured at a temperature T, is converted to the concentratipn c(T,..) at
stanglard temperature T,..; by Formula (C.6):

1 T
{(Tyef)=c——=c 10 (C.6)
FT ref

A mass concentration ¢ measured-at7a pressure p,, is converted to the concentration c[p_.) at the
reference pressure p ¢ by Formulay(C.7):

1 p
A(prer)=c—=c I, €7)

p Pm

For 1pass concentration measurements, the temperature T, and the pressure p,, is determined at the
point where the sahiple volume is measured.
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A mass concentration ¢ measured at a water vapour content h,, is converted to the concentration c(h,f)

at dry condi

C(href =

tions by Formula (C.8):

1 100 %

0)=c —=c———"—
F, 100 %-h,,

(C.8)

A mass concentration ¢ measured at a oxygen volume fraction o, is converted to the concentration
c(0,f) at the standard oxygen volume fraction o,..; by Formula (C.9):

1 21 %-o
c(opef)=c—=c————TeL (C.9)
F, 21 %—o,,
These formpilae can be combined to obtain the mass concentration c., under standard condil:ions
according tq Formula (C.10):
Cref =C !
ref ="k xF, xFy xF,
(C.10)
=c Tin ><pref xlOO %_href ><21 %0 — Opef
(et Pm 100 %-h, 21 %-op
NOTE1 Tq convert to a dry basis, the standard water vapour content h_is set to zero.
NOTE2 Only mass concentrations c¢ (e.g. in mg/m3) are affected by termperature and pressure. Vqlume

fractions (e.
unaffected by

C.4 Conv

The waste g
measuring d
%4

ref = Vr

=V

1

p. in cm3/m3) are unaffected by temperature and pressuré. Mass emissions results arg

 temperature, pressure, oxygen or moisture levels and should not be corrected
ersion of waste gas volume to standard conditions

as volume Vs under standard conditions is calculated from the waste gas volume V, u

onditions by Formula (C.11):

, X Fr XF, X Fy xF,
]XTref o P 100 %—hy 21 %—op, (
Tin Pref 100 %_href 21 %_Oref

also

nder

C.11)
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Annex D
(normative)

Sampling strategy

D.1 Methods for determining the positions of sampling points in circular and
rectangular ducts

D.1.1 Method for circular ducts

D.1.1.1 General

Ther are two methods for determining the position of sampling points inl circular ducts as fescribed in
D.1.1.2 and D.1.1.3. Both methods are considered equivalent.

D.1.1.2 General method for circular ducts

In thie general method applicable to circular ducts, the sampling plane is divided into equdl areas. The
sampling points, one at the centre of each area, are located)on two or more diameters (sanmpling lines),
and ¢ne point at the centre of the duct (see Figure D.1).

Figure)D.1 — Sampling point positions in circular ducts — General method (showing positions
for ducts over 2 m in diameter —The shaded positions are of equal area)

The locations of the sampling points are dependent on the number of sample points chosen.

For circular ducts two sampling lines (diameters) are sufficient, the distance x; of each sampling point
from the duct wall can be expressed as:

where
K; is the value, as a percentage, in accordance with Table D.1;
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