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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
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Introduction

This Intenational Standard describes the measurement procedures necessary to determine the mass
emission of substances from stationary sources. Empirically generated data are necessary to determine the
uncertainty that can be associated with a stated result and to enable the verification of emission measurement
reports.

This [Intenational Standard also describes the measurement procedures necessary to determjne emission
factofs. An emission factor is a value that relates the quantity of a pollutant released with an activity
associated with the release of that pollutant. Emission factors are useful when the operational conditions and
time period for which they are representative is known.

Emispion factors are used to calculate and report mass emissions for both emission inventgry and non-
inverftory uses. Inventory uses can include:

— emission trading;

— ¢ompiling polluting release and transfer registers;
— air quality modelling;

— air quality management;

— ¢ompliance with national emission limits.
Non-|nventory uses can include:

— developing site-specific emission estimates;

— developing control strategies;

— nisk assessments;

— deciding appropriate permit limits.

The most commonly ‘used methodology for compiling an emission inventory is to combine information on the
exterjt to whicht{an activity takes place (quantified by activity data a) with representative values of the

emissions or femovals per unit activity, called emission factor F. The basic equation providing thg emission as
a maps emission rate m is given by

n = aF

The basic equation can be modified in some circumstances to include, for instance, emission reduction
efficiency (abatement) factors.

NOTE 1 Countries compiling inventories for reporting emissions under international agreements use methodologies
agreed upon by convention {e.g. UN FCCC, UN ECE Long-range Transboundary Air Pollution (Reference [31]), or the
UN ECE Aarhus Convention}. A common feature of all these conventions is a requirement to use good practice
methodologies when estimating and reporting emissions. This is particularly important when providing emission estimates
for base year emission inventories used in policy instruments. Good practice is usually taken to mean the use of
procedures that ensure inventories are accurate (i.e. without bias) in the sense that they are systematically neither over-
nor underestimates so far as can be judged, and that uncertainties are reduced so far as possible. Good practice guidance
does not usually specify how to establish emission factors or what information should be reported and be available to
allow broad application of emission factors. It is the goal of this International Standard to close this gap, to increase the
quality of emission inventories and to improve efficiency.

© 1SO 2010 — All rights reserved \"
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Emission factors published in most compilations typically are:

arithmetic averages of available source emission measurement data;
based on a limited number of emission measurements;
representative of a restricted period of process operating time;
representative of a limited range of process operating conditions;

representative of a limited sample of process units commonly used.
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Air quality — Determination of time-averaged mass emissions

an

1

This |International Standard specifies a generic method for the determination and the) repor
avergged mass emissions from a specific installation or of a family of installations (or common
using data collected by measurements, and by establishing:

This

This
that
data

emis
Intern

NOTH

d emission factors — General approach

cope

ass emission rates by the simultaneous measurement of concentration and gas
tandardized manual or automatic methods, and also the estimation of the uncert
easurements;

me-averaged mass emission rates using time series of mass«emission rate values, the

¢haracteristics, and also the determination of the expanded uncertainty of the average;

!

.-

q

me-averaged emission factors for a specific installationcerof a family of installations and thg
ncertainty characteristics;

quality management system to assist the process of inventory quality assurance and verific

house gases, and air pollutants includihg fine particulate material. This International Stand

nternational Standard requires.the use of measurement-based methods and calculation-ba
Wise measurement data. It covers the planning and execution of the measurement program
selection of sampling methods, calculation of results, estimation of uncertainty, dete
sion factors, and the~reporting of information in a form that enables users to apply
ational Standard specifies how to:

!
q

enerate time-averaged mass emission rate data of a known quality, for a defined period o
ocumented set-0f operational conditions;

generate complete data sets representative of a known time period (i.e. a calendar year) by
IMass emission rate data series and combining data sets numerically;

ting of time-
source type),

flow, using
pinty of the

r uncertainty

ir associated

ation.

International Standard is applicable to the-determination of emission factors for statiopary sources
inclugling emissions from industrial processes where calculation from fuel and raw material is not
greer
address compliance monitoring in the context of emission control regulations.

practical, for
ard does not

sed methods
me to collect
rmination of

them. This

f time, and a

filling gaps in

1 Time series data can be available for only a limited elapsed period (i.e. weeks, months, or yea

s) and can be

available only for a discrete process whereas inventories can be necessary which average over a different period (i.e. for a
calendar year).

calculate emission factors for a known time period;

calculate time-averaged emission factors of a known quality for a known source type.

The measurement of emissions from vehicular, area or fugitive sources is not specifically covered. However,
this International Standard can be used for quantification of emission factors for those sources provided that
measurements of emissions are available.

NOTE 2 Emission fluxes from fugitive and area sources can be directly measured using optical open-path techniques.

The results from these measurements can be treated in an analogous way to the measurements described in this
International Standard to determine time-averaged emissions and emission factors.

© 1SO 2010 — All rights reserved
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This International Standard does not explicitly include measurement procedures that are fully described in the
referenced standards. Neither does it provide advice on the generation of activity statistics.

This International Standard is compatible with ISO 14064-1[51 and 1ISO 14064-3[6].

2 Terms

and definitions

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

21
emission fa
ratio of the rd

ctor
te at which an air pollutant is emitted as a result of some activity, to the rate of that activjty

NOTE 1 Adapted from ISO 4225:1994[2], 3.31.

EXAMPLE The mass, in kilograms, of particulate emitted per tonne of coal burned, the mass, i kilograms, df NO,
per tonne of ¢linker produced in a country per year, or the mass, in tonnes, of CO, emitted pernmegajoule of gnergy
produced.

NOTE 2  Sipce data are usually derived for a limited range of operating conditions or perieds;-the conditions or pgriods
over which an|emission factor can be considered typical or applicable are needed (see 5.2.2).

NOTE 3  Erpissions refer to the set of individual substances that are emitted.

NOTE 4  An emission factor differs from a mass emission rate, the latter has,specific dimensions of mass divided by
time.

2.2

good practi¢

set of proced
they are sys

e
ures intended to ensure that reported emissions are accurate (i.e. without bias) in the sens
ematically neither over- nor underestimates as>far as can be judged, and that uncertaintie

reduced as far as possible

2.3

measurand
particular g

ntity subject to measurement

|
[1SO 9169:200613], 2.1.11]

24

measureme
complete se
specified me

2.5

measureme
document dd
quantity of d

Nt system
of measurement-instrumentation and associated equipment used for the determination
Bsurand

nt plan
bscribing the data collection methodology to be used for a particular installation, the typg
hta-to be collected, the data processing, the quality system to be adopted, and the process

b that
s are

of a

and
es to

be used to estimate-meastrementuncertainty

NOTE The measurement plan describes any provisions specific either to periodic determinations of mass emissions
or emission factors by a test laboratory or to continuous mass flow measurements made by the operator of an installation.
2.6

test

technical operation that consists of the determination of one or more characteristics of a given product,
process or service in accordance with a procedure

NOTE 1

measurements of several measurands.

NOTE 2

the process emission under observation.

For emission measurements, a test consists of series of measurements of one measurand or of combined

A valid test is often specified as a number of measurements (usually not less than three) that is indicative of

© 1SO 2010 — All rights reserved
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3 Symbols and abbreviated terms

AMS
A

e(a)

e(r)

7m

4 |

automated measuring system

cross-sectional area of the sampling plane

activity data

sensitivity coefficient of the time-averaged activity rate
sensitivity coefficient of the time-averaged mass emission rate

emission factor

mass emission rate

confidence level

expanded uncertainty of a measurand y at confidence level p
uncertainty of the time-averaged activity rate

uncertainty of the time-averaged mass emission rate
standard uncertainty of a measurand y

volume flow rate

flue gas velocity

measurand

mass concentration

Principle

The mass emission rate, m, is calculated*by multiplying a measured (or calculated) mass conc

by a
being
press

measured (or calculated on the basis of measurements) volume flow rate, ¥ , of the flue g
representative of the same _petiod of time and calculated for the same reference conditions
ure, water vapour and oxygen content), by Equation (1):

Vh:}/mV

The fime-averaged emission factor, F, of a measured component is generated by dividing the m

rate,
mass
used

m , of the activity' by a measure of the activity associated with the release (activity data a),
emission.rate' and the activity data being representative of the same period of time. The b
is given'by/Equation (2):

F:

entration, .,
as, with both
(temperature,

(1)
ASS emission

with both the
bsic equation

"l
a

()

Time-averaged emission factors are calculated by dividing suitably averaged mass emission rates by a
measure of the activity rate representative of the same time period. Time-averaged mass emission rates and
emission factors are quoted with the associated relevant information that describes the operational conditions
and time period for which they are representative.

The determination of the relevant measured input quantities for the calculation requires a documented
measurement plan.

The uncertainty of the mass emission rate and emission factors is determined by estimating the uncertainty of
both the measurement and the activity data.

NOTE Annex B provides additional information on the principles fundamental to ensuring that mass
reported for inventory purposes give a true and fair account.

© IS0
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5 Determination of mass emission rates
5.1 Planning

5.1.1 General

Before data collection commences, prepare a measurement plan that specifies the minimum data quality
requirements. The measurement plan shall also include:

a) measurement objectives including data quality objectives;

b) data collection and measurement methods to be used;
c) type, quality, and quantity of data to be collected;

d) data-processing procedures to be used to determine the time-averaged mass emission) emission fgctors
and associated uncertainties;

e) quality management system requirements;

f) any asspciated procedures that can be required to ensure that data guality meets the specified| data
quality objectives;

g) reporting procedures.
The details tiat shall be included in the measurement plan are listed’in Annex A.

NOTE General guidance on the measurement plan is available;-e.g. in EN 15259[12],

5.1.2 Type|and quantity of data to be collected

Emission dgta and activity data, if required,-shall be collected over the time period specified in the
measuremer|t objective. The data shall conform to the uncertainty requirements, the other data quality
requirementq specified in the quality management system, and the data-processing procedures to be usgd, as
specified in the measurement plan.

NOTE 1 THe time period for massgémissions is typically 6 months or a year. The time period over which emlission
factors are defermined can depend ab-the time period of available activity data.

Take measufements for a_ known time period when the installation is operating within the known operafional
bounds set in the measurement plan.

The measur¢mentssshould be made at measurement sites where the data are representative of the nprmal
variation of the installation or process emission. The documentation accompanying the monitoring plan should
indicate how the ‘minimum number of sampling points to be used for each parameter measured is fo be

decided and hew-these-areto-be-seleeted-

When determining the concentration of a measured component for a known time interval (i.e. by periodic
measurement), also measure the volume flow rate or any associated measurands necessary to compute the
mass emission rate.

NOTE 2 The time interval can be regular (e.g. once per month) or irregular. Measurands can include the amount,
quantity or physical property of an emission. Measurements for less than 24 h are usually made using portable equipment.

When employing an automatic measurement method for the measurand, the flue gas velocity or any
associated measurements should also be made using an automated measurement system. The uncertainty,
data capture rate, and minimum time coverage shall conform to the data quality requirements of the
measurement plan.

4 © 1SO 2010 — All rights reserved
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Source description data

Information shall be collected describing the operational conditions and the time period, for which the emission
rate is representative. This shall be clearly documented (see A.3).

5.2

5.21

Measurements

General

Perform the required measurements of the components used for the determination of mass flow rate using

natio

nal or International Standards that enable the determination of the uncertainty that can b

e associated

with
stang

Cleat

5.2.2

Dete
spec

NOTH
30 mi
specif

Samj
the p

The 1

A su
qualit

NOTH
result
meas
uncer|
Europ
refere

A stated result and to enable the verification of emission reports. If this requires the use
ards that are not yet available, 5.2.2 and 5.2.4 should be regarded as informative.

and unambiguous instructions shall be provided for measurement personnel.

Determination of the mass concentration

fied in the measurement plan.

1 The measurement plan can specify periodic or continuous medsurements. Typical sampling
h or 1 h. Continuous measurements can require averaging of thé€) measured signals over the sam
ied in the measurement plan.

bling shall be representative of the specified sampling-duration taking into account the likely
rocess.

neasurement methods used shall have known. performance characteristics.

ficient number of samples shall be taken-to ensure that the mass concentration, ,,, meg
y objective.

2  The performance characteristics-0f the method necessary to estimate the measurement unc
include repeatability, reproducibility, detection Ilimit, measurement range, and cross-sensit
hrement methods have been~field tested to determine their performance characteristics and
ainty to be expected with~their use — typically at the 95 % confidence level. Some Internatior
ean Standards or suitable.validated national standards can meet these criteria. A selection of Internat
nce methods for the automated measurement of common pollutants is listed in the bibliography.

Automated measurement systems (AMS) should be operated under a quality system that assd

insta
valug

NOTH

NOTH

led to measure_emissions to air and are capable of meeting the uncertainty requirements
s specified inrthe measurement plan.
3  The capability of meeting uncertainty requirements can be demonstrated by application of ISO 1

4 EN 14181[11] describes the calibration of AMS.

bf supporting

mine the mass concentration, y,, of the measured component in the flue gas over the sampling duration

durations are
pling duration

variability of

ets the data

ertainty of the
vity. Suitable
he expanded
al Standards,
onal Standard

res they are
of measured

1956071,

Express the result as an average of the concentration over the sampling duration specified in the
measurement plan.

5.2.3

Determine temperature, pressure, humidity (moisture) and oxygen,

Determination of temperature, pressure, humidity, and oxygen

if required, using

standardized

measurement methods. Sampling shall be in the same sampling plane and in close proximity to, but not
interfering with, that used for the determination of the mass concentration and gas velocity. The
measurements shall be representative of the time period of the mass concentration measurement.

NOTE

Bibliography.

© IS0
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5.2.4 Measurement of the volume flow rate

Determine the volume flow rate, ¥/, by use of a standardized measurement method or by a validated
calculation procedure based on fuel composition, measured fuel amount, and measured oxygen
concentration.

The volume flow rate shall be determined for the sampling plane used for the determination of the mass
concentration.

NOTE 1

plane and in close proximity to, but not interfering with, that used for the determination of the mass concentration.

The velocity
measuremer

NOTE2  EFR

velocity measfirement. These methods can be used to measure unadjusted velocity, yaw-adjusted velocity, yaw and

angle-adjusteq
Combination n
1ISO 3966:200
used, provideq

The cross-se

The volume
plane atits p

V =vA
5.3 Calcu

Calculate the

This can be achieved by measuring the flue gas velocity, v, or oxygen concentration in the same sampling

or oxygen measurement shall be representative of the time period of the mass concent
t.

PA Methods 21281, 2GI28], 2F[28], 2HI28], and Conditional Test Method-041129] are applicable methods f

velocity, wall effects in circular stacks or ducts, and wall effects in rectangular stacks ‘Or ducts, resped
hethods, e.g. 2GH or 2FH can also be used. For discontinuous methods, type L Ritot tubes, as descri
B[], Annex A can be used. Alternatively, other measurement devices (e.g. type.S Pitot tube) can a
that they are calibrated against standardized Pitot tubes.

ctional area, 4, of the sampling plane shall be determined with kiown uncertainty.

flow rate is the product of the flue gas velocity and the cross sectional area, 4, of the sanj
pint of measurement as given by Equation (3):

fation of mass emission rates

ation

br gas
pitch
tively.
bed in
so be

pling

@)

mass concentration, y,,, of the measured component in the flue gas and the volume flow rate, v,

at the same ¢onditions of temperature, pressure,.ahd humidity.
If required by the measurement plan, the mass concentration and the volume flow rate shall be correcied to
the same reference conditions for the oxygen or carbon dioxide content specified.
NOTE 1 THe use of common standardized conditions enables the volume-based concentration value§ and
corresponding| volume flow rates to be_multiplied together without the introduction of bias.
The results shall be expressed in Sl units.
Calculate the mass emission rate by multiplying the mass concentration of the measured component in the
flue gas by the assaciated volume flow rate of the flue gas according to Equation (4):

= P (4)
NOTE2 Mass emission rates related to the sampling duration of the mass concentration measurement are called

“short-term averages” in the following.

NOTE 3

When, in the course of periodic or manual measurement, a series of tests has been made under similar

process operating conditions, as specified in the measurement plan, the results can be averaged and the result can be
taken to be representative of the time period of the measurement sequence as a whole.

When using automated continuous measurement, the mass emission rate shall be generated continuously
and recorded as a time series of fixed period averages. The time series may be averaged and the result taken
to be representative of the time period of the measurement sequence as a whole.

NOTE 4

For most processes, hourly or half hourly averaging is suitable.

© 1SO 2010 — All rights reserved
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5.4 Determination of time-averaged mass emission rates
Average the mass emission rates over the averaging period specified in the measurement plan.

NOTE 1 Mass emission rates averaged over the averaging period specified in the measurement plan are called “long-
term averages” in the following.

When using periodic or manual measurement, a number of tests may be averaged over a longer time period
provided that they conform to 5.2 and the uncertainty criteria as specified in the measurement plan are met.
When using an automated continuous measurement system, the time-averaged mass emission rate is the
simple arithmetic average of the time resolved mass emission rates (e.g. half hourly) for the periods when the
procs

csewac within tha Aanaratinnal ~ritaria cnacnifiad in tha maaciiramant nlan
SSWES-WHHHARE-BPeRaHoRa-cHeHa-SPeeHe aHR—me-heasSureehtprah-

Reco

propq
spec

Reco
units

rd the installation process conditions for which the derived value is applicable and* d
rtion of time during the averaging period for which the installation was operating outsid
fied in the measurement plan (see 5.1.2 and Annex A).

rd the derived value of the averaged mass emission rate in Sl units. Theialue may, in &
be reported in superseded units, provided it is made clear that the Superseded units

pcument the
e the criteria

ddition to Sl
hre given for

information only.

NOTHE 2 The mass emission rate data can be obtained by continuous or intermittent monitoring by means
measpring system. The uncertainty of the time average depends on both the‘uncertainty of the measurems
the umcertainty due to incomplete time coverage of the data set arising/from missing data. ISO 11222[4] g
calcu%te the additional uncertainty, due to incomplete time coverage,-of the mean value of a mass emissior]
from & series of measurements. ISO 1122204l is applicable only whenbthe time series data used are repres
tempgral structure of the emission as a whole.

of a specified
bnt results and
an be used to
rate obtained
entative of the

5.5 [ Uncertainty estimation

5.5.1| General

The lincertainty of the mass emission rate.ef a measured component shall be determined in acdordance with
the general principles of ISO/IEC Guide.98-3:2008[101,

The determination of the uncertainty of short-term averages of the mass emission rate requires:

bstablishment of a suitable model equation describing the whole measurement process and the
relationship betweenhe input quantities used to calculate the mass emission rate;
utions of the
uation;

etermination of.the variance equation describing the combination of the uncertainty contrik
ndividual input.quantities by application of the law of uncertainty propagation to the model eq
determination of the uncertainty of the input quantities;

¢dlculation of the standard uncertainty of the mass emission rate;

determination of a coverage factor taking into account the number of degrees of freedom associated with
the individual uncertainty contributions and the level of confidence;

calculation of the expanded uncertainty of the mass emission rate.

The standard uncertainty and the associated number of degrees of freedom shall be available for the
measured input quantities used to calculate the mass emission rate by use of the model equation. Suitable
standard measurement methods for the input quantities have known uncertainties, which are often expressed
as repeatability and reproducibility in the field. If the mass emission rate is calculated from data collected
using non-standard methods, this information is often missing. The user shall determine the uncertainty of the
measurement methods used to measure the input quantities and shall verify the uncertainty by comparison
with documented values obtained e.g. during the validation of the measurement method. 1SO 20988l°]
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provides guidance on the estimation of the uncertainty of air quality measurements, such as concentration and
volume flow measurements, and the associated number of degrees of freedom.

The estimation of the uncertainty of long-term averages of the mass emission rate shall be based on a model
equation, which includes the measurement induced uncertainty of the short-term averages and the additional
uncertainty due to incomplete coverage of the time period of the long-term average. ISO 11222[4] provides
guidance on the determination of the uncertainty of time averages of air quality measurements.

The model equation should address the time period of the long-term average, particularly with respect to the
calibration frequency of emission measuring equipment. For example, if continuous monitoring equipment is
calibrated following EN 14181[11] then calibration is carried out with up to a 3 year time period, with annual
calibration cfetks,against—=astamdardTeference method—This catibratiom Tegime teads—to—a mumber of
uncertainty spurces which can be considered systematic over a yearly emissions reporting period.

5.5.2 Standard uncertainty

The standard uncertainty of short-term averages of the mass emission rate of a measured/component shpll be
calculated a$ the square root of the variance of the mass emission rate, which is given as the sum ¢f the
variance confributions of the individual input quantities.

The standardl uncertainty of long-term averages of the mass emission rate of @ 'measured component|shall
include the |measurement-induced uncertainty and the uncertainty due 40 incomplete coverage of the
averaging pdriod of the emission rate data.

NOTE 1 THe mass emission rate data can be obtained by continuous or intéfmittent monitoring by means of a spgcified
measuring sygtem. The uncertainty of the time average depends on both the'uncertainty of the measurement resulfs and
the uncertainty due to incomplete time coverage of the data set arising from’missing data.

The random pnd systematic uncertainty components of the short-term averages have to be taken into acfount
when calculdting the measurement-induced uncertainty of-long-term averages (see e.g. ISO 11222[4]).

NOTE 2  The uncertainty of the long-term average can.not be calculated by summing the uncertainties of shortef time
periods dividegd by the square root of the number_of\these shorter time periods as this requires completely rgndom
uncertainties.

NOTE 3  The uncertainty estimation for the.lohg-term average requires the establishment of a model equation, which
allows the corfect handling of random and systematic uncertainties.

For a time series of short-term—averages of measured mass emission rates, the measurement inquced
uncertainty gf the long-term ayverage may be taken to be the same as the uncertainty of the individual mass
emissions rafes. This is equivatént to assuming that all uncertainty sources are systematic, which proviges a
safe estimate of the measurement-induced uncertainty of the long-term average.

NOTE4  THe assumption that all uncertainties are systematic can be considered as a worst case scenario.

ISO 11222[4) can“be used to calculate the additional uncertainty, due to incomplete time coverage, ¢f the

average of almass-emissionrate obtained from a-series-of measurements.

5.5.3 Expanded uncertainty

The expanded uncertainty of the mass emission rate, which is the dispersion of the range of values that could
reasonably be expected in practical situations, shall be determined by multiplying the standard uncertainty of
the mass emission rate by the coverage factor.

The coverage factor shall be determined as the value of the rdistribution for the effective number of degrees
of freedom of the standard uncertainty and the statistical confidence level specified in the measurement plan.

NOTE The level of confidence is typically 95 %.
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The effective number of degrees of freedom of a standard uncertainty is calculated from the Welch-
Satterthwaite solution specified in I1SO/IEC Guide 98-3:2008[101. 1SO 20988[°] and 1SO 1122241 provide
guidance on the calculation of the effective number of degrees of freedom.

For long-term averages, a coverage factor of two may be used provided that the average is calculated from at

least 30 short-term averages and the systematic part of the measurement-induced uncertainty is small
compared to the random part.

6 Activity data

6.1 | Collection of activity data

Activlty data to be determined in accordance with the specification in the measurement plan-shall be selected
such|that it complements the measured emission data. It should match as closelysas. possible the factors
presgribed in A.3.

When using measurement to generate activity rates, any flow meters, weighing, equipment, coupting devices
etc. that are used shall have known performance characteristics and be calibrated, maintained, gnd inspected
on a fegular basis.

NOTH Activity data can include fuel use, raw material feed, or productiofi‘data (area of surface coated, gtc.).

Whele the collection of additional information is specified in:the' measurement plan, such as |for chemical
analysis, calorific value of fuels, raw materials or produdcts being metered, this should be based on
representative sampling and analyses carried out by accredited laboratories.

Meagurement equipment used to determine activity data should be subject to maintenance, calibration, and
inspgction in accordance with operational procedures described in the quality system. Laboratgries that are
accrgdited according to ISO/IEC 17025[8! for such activities should perform the test work. The gudidance given
in 5.2.1 can be used for the measurement of activity data also.

When activity data are collected on a continuous basis, the proportion of time shall be recorded [during which
metefing equipment is operating outside the equipment performance criteria specified in the measurement
plan pr when the data capture ratetis reduced.

The measurement plan shallindicate how moisture and other measurements are to be taken if the fuel or raw
matefials are not dry or if there are contaminants that could adversely affect the measurement pracess.

The measurement plan-should also specify, for any process, the specific conversion and oxidatjon factors to
be determined and-any other measurements necessary for that purpose (see e.g. Reference [34]). For
examjple, if thefuel or raw materials used are not dry, a moisture analysis may be necessary to determine the
dry fliel equivalence. Related measurements should be made simultaneously, or in such a way|that ensures
the gqorrect>functional relationship between the variables being sampled, otherwise integrated flows or
emissgions.derived from the measurements are likely to be incorrect.

6.2 Activity data uncertainty

Determine the standard uncertainty of the activity data collected by measurement by combining the
measurement uncertainties of the individual measurements made.

Determine the expanded uncertainty of activity data derived from measurements, made according to 5.2, by
multiplying the standard uncertainty of the activity data by the coverage factor. The coverage factor shall be
determined as the value of the sdistribution for the effective number of degrees of freedom of the standard
uncertainty and the statistical confidence level specified in the measurement plan.

When activity data have not been calculated from measured data, the uncertainty should be estimated via a
process of expert judgment and the assumptions made should be fully documented.
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7 Determination of time-averaged mass emission factors

7.1 General

Determine emission factors over a time period that is typical or applicable to the installation or process
emissions pertaining to the period covered by the available activity statistics or for the time period specified in
the measurement plan. Record and report the process operating conditions and time period over which an

emission factor can be considered typical.

NOTE 1

Many uses require emission factors to be representative of emissions over a calendar year.

NOTE 2
activity data p
quality require]
manual or per

NOTE3  Ef
potential data
(see C.2).

7.2 Calcu

Calculate the
by a measurs

f:

Q|3

The emission factors shall be quoted with associated text:that describes the operational conditions and

period for wh

NOTE En
determined up

7.3 Uncel

Determine th
the sum of
Equation (6);

lating the time-averaged emission factor

rovided that measurements have been taken under process operating conditions that conform to, thg
ments of the monitoring plan. Time series can be incomplete if, for either mass emission or activity d
odic method has been used or if data has been lost from continuous emission measurement (se€ C.1)

hission factors can be constructed that are representative of a generic group of installations when s
bets are available that refer to the same quantity and were collected in a manner conforming to Cl3

time-averaged emission factor, 7, by dividing a suitably timg-averaged mass emission rat
e of the activity rate, a , averaged over a similar time period according to Equation (5):

ich they are representative.

hission reduction efficiency factors may (be calculated from the difference of the mass emission
stream and downstream (either simultaneously and sequentially) of any abatement equipment used.

tainty of the time-averaged emission factor

e standard uncertainty-of the time-averaged emission factor by taking the positive square r

e? (m) u? (m)e?(@) u?(a)

Mass emission rate data can be aggregated to create time series matching the time constant of the available

b data
ata, a

bveral
use 5

time

rates

bot of

the variance contributions of the mass emission rate and the activity data accordipg to

(6)

u(a)

s the sensitivity coefficient of the time-averaged mass emission rate:

is the uncertainty of the time-averaged mass emission rate;
is the sensitivity coefficient of the time-averaged activity rate;

is the uncertainty of the time-averaged activity rate.

Determine the expanded uncertainty of time-averaged emission factor by multiplying the standard uncertainty
of the time-averaged emission factor by the coverage factor. The coverage factor shall be determined as the
value of the rdistribution for the effective number of degrees of freedom of the standard uncertainty and the
statistical confidence level specified in the measurement plan.
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7.4 Aggregating emission factors

Calculate aggregate emission factors, if required by the measurement plan and its associated reporting
requirements (see Annex A), by aggregating time-averaged emission factors that, within the specification of
the measurement plan, form a common source type (see e.g. Reference [30]), including:

— production process;

— production steps;

— seasonal or ambient changes that have not been resolved by adjusting the averaging period;

— age, type, and condition of installation or process;
— ariability of fuel or raw materials;

— lpad;

— fime period.

NOTH Reporting to different source type categories, such as UN FCCC) CRF categories (Refergnce [30]) and
UN ECE NFR codes (Reference [31]), can require the aggregation of data‘with variations in operating cgnditions at an
installation, differences in process details at similar facilities, differences inntest procedures among tests, oy differences in
test gpality and associated uncertainties.

Significant differences in emissions attributable to identifiable and quantifiable process, feedstdck or control
measgure variable, shall be minimized by complete documeéntation in the measurement reports.

7.5 | Uncertainty estimation of aggregates of-emission factors

Estimate the standard uncertainty of aggregates of emission factors pooling independently determined
estinfates to create a hypothetical population that can subsequently be re-sampled to determinje the mean,
standard deviation, and associated coverage factors.

NOTH A description of the use of-a*Monte Carlo methodology for simulating a population from a probyability density
functipn constructed from limited data sets is given in Reference [32].

8 Quality management system requirements

Emplpy a quality management system to verify that the quality assurance and quality control prpcedures are
suffigient to meet the user needs and data quality requirements specified in the measuremgnt plan. The
qualify management system shall cover the measurement planning, the performance of the mgasurements
and the asSessment of data.

NOTEA The precision and trueness or the uncertainty of the time-averaged emission factors can be lmanaged and
verified by way of a quality system that controls and assures the integrity, correctness, and completeness of: the data,
information relating to the operational status of the emitting source, the time period for which the emission factor is
representative, assumptions made, activity data, and any conversion factors used.

NOTE 2 In this context, quality control is the system of routine technical activities used by measurement personnel to
check that the data acquisition and processing conforms to measurement and data quality requirements. Quality
assurance is the system of review procedures used by personnel, independent of the monitoring staff, intended to
demonstrate conformance with measurement and data quality objectives have been met.

NOTE 3 ISO/IEC 170258 contains general requirements that, if met, enable testing laboratories that demonstrate their
ability to operate a quality system, technical competence and ability to generate valid results. CEN/TS 1567513 provides
an application of ISO/IEC 17025:20058] to periodic emission measurements.
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9 Reporting

9.1 General

Present mass emission rate and emission factor data, together with information that describes their derivation,
in sufficient detail that a user can assess the applicability of the emission factors.

9.2 Testr

eport

The test report shall include the measurement plan and describe, directly or by reference, the:

— details o

NOTE 1 E

— data coll

— time-avsg
uncertai

— methodd

— quality npanagement system employed;

— additiongl evidence to demonstrate that data quality meets any specified minimum requirements of

quality d
etc.).

Reporting sh
The results ¢

NOTEZ2 IS

f the data collection and measurement methodologies used;
N 15259[12] and Reference [32] illustrate the information typically listed in test reports.
ected and used to determine time-averaged mass emission rate and emission, factors;

raged mass emission rates and/or emission factors together with estimates of their assoq
nty;

logy to estimate the uncertainties;

bjectives (e.g. source test, equipment tested, conditions under which the test was perfo

all be in sufficient detail to allow an independent recalculation.
hall be expressed in Sl units.

D/IEC 1702581 provides additional guidance on the preparation of test reports.

12

iated

data
med,
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Annex A
(normative)

Minimum requirements for the measurement plan

A.1 General

The llneasurement plan shall specify clear instructions in sufficient detail to enable the determin

ation of time-

avergged mass emissions and emission factors with known uncertainty characteristics™by measurement

persannel.
Meagurements shall be documented in sufficient detail that a verifier can reproduce the determing

The measurement plan should specify:

identification and location of source to be measured;

tion.

NOTH The location data can include information relating to the region ‘and regional conditions at the time of data

acquisition.

the data to be collected and data quality objectives;

measurement sites and sections, sampling strategy and other relevant items as spec
EN 15259012,

the measurement methodologies to be used;
the type and quantity of data to be gollected;

1Ee information to be collected relating to the installation and process conditions pertaining
sting;

the data processing to be undertaken;

the quality management system;

any additional~processes necessary to demonstrate that the mass emission is systematically
nmor under the true emission.

fied, e.g. in

at the time of

neither over

The data collection and measurement methodologies used for both the mass emission rate and activity data
shall be suitable for use on the installation and the process under investigation. Typically they should specify

the:

measurands and any associated reference measurements;
procedures to ensure the representativeness of the measurements;
standard reference methods to be used;

analytical equipment needed and its operational requirements;

© 1SO 2010 — All rights reserved
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— the data quality objectives to be achieved including any accuracy, precision, uncertainty requirements, or
data capture requirements;

NOTE Data capture objectives commonly include specifications for the uncertainty, minimum data capture and

minimum time

coverage.

— the types of an activity comprising the common source type for which the emission factor is
representative;

— the quality system to be followed.

A.3 Type

The general
the emission

— reporting

— any adq
interpret

and quantity of data to be collected

nformation to be documented specifying the operational conditions and the time period for
rate is representative shall include

arrangements and conventions adopted;

itional installation or process related information collected to enable data processin
ation of the results;

— conditiofs (or range of conditions) of the process (or for industrial installations the capacity, load, f

feedstod
— personn
The informat
— installati
— process

— plant ca

test etc.};

— abatemsd
— age of th
— dates of

— descripti

k) pertaining during the measurements;

bl responsible for the measurements and others involved.

on specific to the installation or process and the-measurements taken, shall include:
DN or process name or description;

feedstock or fuel type;

pacity (net or total capacity, input-or output orientated, operating rate, and throughput durin

nt systems and their operating parameters;
e facility and the @batement systems;
last maintenance performed on abatement systems;

on of last*maintenance performed on abatement systems;

— any prog

which

g or

el or

g the

ess)control technique or abatement system malfunctions during the test;

— pollutants tested for and the test methods used;

— number of individual measurements to be made and the conditions comprising a valid test;

— any temperature, pressure, humidity, and any other associated measurements necessary;

— number of data to be collected to calculate the uncertainty associated with the test;

— any deficiencies or deviations in the test procedures;

— the number and duration of test runs;

14
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— any additional documentation required by the quality management system;

— the identification of the testing laboratories and personnel used.

NOTE 1  The list is drawn from EN 15259[12] and the other material referenced in the Bibliography.

NOTE 2

factor, not only those emissions that could easily be measured.

A4

Data

Data processing and reporting

All emissions of a component from the installation should be represented in the mass emissions or emission

processing requirements and the specification for the format of the results to be quoted shal

— galculations to be done and the way that they should be computed;

— documentation requirements to enable the results to be traced back through' the calcul

¢ollected basic data and process operating conditions;

— Units of the result;

The
meag

Hocumentation relating to the installation conditions thatrthe data are representative of
urement dates and periods of the measurement campaign.

specify the:

btions to the

eporting procedures that form an account of the measurements, the description of the measurement
objectives, and the measurement plan.

shall include

© IS0
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Annex B
(informative)

Example of uncertainty estimation

B.1 General

This annex
Netherlands

B.2 Dinitr

B.2.1 Desg

brovides an example of the uncertainty calculation. It is based on the approach used)
for the determination of dinitrogen oxide (nitrous oxide) emissions.

pgen oxide emissions from nitric acid production plant

ription of the measurement

Nitric acid prioduction involves the oxidation of ammonia using oxygen from,arbient air. Dinitrogen ox

produced as
is not in pla
calculation b
is therefore
determinatio
the oxygen

calculation is
the oxygen 1
are combine

a by-product and can be emitted to air in the tail gas from the pracess plant if suitable abatg
ce. It is not possible to determine the emitted dinitrogencoxide from a simple mass ba
bsed on input material to the process. The determination of\the mass emission of dinitrogen

h of the flow rate. The flow rate is determined from a balance calculation using measureme
concentration in the emissions stream and metering” the input process gas streams. Theg
based on the metered input air, adjusting the volume flow in the exhaust stream by meas
emoved from the gas during the process. There are three input ambient air gas streams
d to provide the total input process gas.(known as V,, Vs and V). The dinitrogen

concentration in the exhaust gas is measured continuously using an automated measuring system, pro

a time serieg
This annex p

NOTE TH
material providg

In accordang
measuremer|

The measurd

of measurements. Data are recorded évery hour, to produce monthly mass emission fig
rovides an example of the calculation-of the uncertainty of a monthly mass emission figure.

is example of a mass emissions\rate calculation for dinitrogen oxide described here is based d
ed by the Dutch Emissions Authority.

e with this Internatiopal .Standard, the calculation of mass flow is based on a time seri
ts providing hourly valties (though they are derived from shorter period data).

ment model equation for the hourly mass emission rate is given by Equation (B.1):

+Vs+Va)'£ J 4\PYe}

1-0,2095
- ¢02

n the

de is
ment
ance
pxide

based on direct measurement of its concentrationtin the emissions stream and on the

hts of

flow
uring
which
pxide
iding
ures.

n the

es of

(B.1)

conditions;

standard conditions;

(002 is

7/N20

the measured oxygen volume fraction, expressed as a percentage;

standard conditions.

16

is the primary measured flow rate, e.g. in cubic metres per hour, of air under standard conditions;

is the secondary measured flow rate, e.g. in cubic metres per hour, of air under standard

is a term describing an additional constant air input flow, e.g. in cubic metres per hour, under

is the measured dinitrogen oxide mass concentration, e.g. in milligrams per cubic metre, at
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The monthly average emission rate is the average of all m (for which the plant was operating correctly) over
the month. The uncertainty of the time average is determined in accordance with ISO 11222041, which provides
a method to determine the uncertainty of the time average, taking into account the uncertainty due to the
determination of the hourly emissions data and the effect of missing values.

The data set used for this example is based on a period of 29 days (February in a leap year) and is missing a
period of data of 86 h (3,5 days) in one single period within the month. The time coverage of the available data

is 88

%, which is acceptable.

B.2.2 Standard uncertainty of the hourly emission rate

The
acco

NOTH

tandard—uncertainty of the Tmass emission rate s determined by the propagation of
dance with the principles of ISO/IEC Guide 98-3:2008!10.

ISO/IEC Guide 98-3 is identical to ENV 130050141,

The Uincertainties of the flow meters which provide the ¥, and ¥ values are reported'to be 3 %

a lev,

provi
cond

The (

calib

meas

asse

requi
Beca
ares

The ¢

wher

For

© IS0

el of confidence of 95 % (k= 2). This is derived from the certification of the\meters. No i
fed about the components of these uncertainties which are random or systematic. Un
tions, V, is an assumed constant flow of 700 m3/h, which has an assumed’uncertainty of 25

ontinuous emission measurements of dinitrogen oxide and oxygen.are made with instrume
fated in accordance with EN 14181['1]. The regulatory requitement is that the unceri
urements made with these analysers is 5 % of value with_a level of confidence of 959
ssment according to EN 1418101 is reported to have demonstrated that the analyse
rement. The QAL3 according to EN 1418111 is designed te ensure that the analysers stay v
use of the infrequent calibration of the analysers, it may be assumed that the dominant uncq
ystematic.

ombined standard uncertainty of the mass emission rate, 71, is given by Equation (B.2):

ncertainty in

of value with
hformation is
der standard
%.

nts which are
ainty of the
. The QAL1
rs meet this
vithin control.
rtainty terms

N )2
2,. om 2
= - X, B.2
() ;[aXi] u®(X;) (.2)
:] l:[aaTm]u(Xi )} is the partiakuncertainty due to the ith term in the measurement model equation.
i
he measurement maodel given by Equation (B.1), the combined standard uncertainty [is given by
Equation (B.3):
on 2 on 2 on 2
2 m 2y m 2y m 2y
m)=|—) u“(V,)+ - u(Vg)+ - u(Vy)+
() (WJ "p) (GVSJ ¥s) (aVa] (Va)
) ) (B.3)
o 1 ’ ( ori 1 »
u”(¢o,)+ u”(7n,0)
{a(ﬂnz 02 a?’NZn N2O
The volume flow rates Vp, Vs and ¥, each have the same sensitivity coefficient given by Equation (B.4):
» (1-0,2095)y
am _ N20 (B.4)
ov 1—@02
The sensitivity coefficient for oxygen is given by Equation (B.5):
o (1-0,2095) 0 (Vo +Vs +7a) ©5)
opo, 2 '
¢02 (1_(,002)
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The sensitivity coefficient for dinitrogen oxide is given by Equation (B.6):

Om

(1- 0,209 5) (Vp + Vg + Va)

97N,0

1_¢02

(B.6)

Table B.1 gives the results of a conventional uncertainty evaluation for this measurement model using typical
values for the input quantities and their associated uncertainties. Rows 2 to 6 contain information about the
input quantities in the model, which are the values (column 2), associated relative standard uncertainties
(column 3), absolute standard uncertainties (column 4), sensitivity coefficients (column 5) and the contribution
to the combined standard uncertainty (column 6).

TalLIe B.1 — Conventional uncertainty evaluation for an example of the calculation of
mass emissions rate

Relative Uncertainty

standard Absolute contribution
Quantity Value uncertainty standard Sensitivity coefficient u(X;)

uncertainty

% kg/h
Vo 72 567,76 m3/h 1,5 1.088,5 m3/h 141,5 x 1078 Kg/m?3 0,154
Ve 10 898,03 m3/h 1,5 163,5 m3/h 141,5£1076 kg/m3 0,023
Va 663,54 m3/h 12,5 82,9 m3h 141,56 x 106 kg/m3 0,012
N,0 172,7 mg/m3 2,5 4,32 mg/m3 68,97 x 103 m3/h 0,298
%o, 3,6 % 2,5 0,1% 12,36 kg/h 0,011
1 12 kg/h 2,8 — — 0,337

For this exan
The corresp
5,6 % of the

B.2.3 Calc

Following th
calculated frq

u? () =

measured mass emissionrate.

m Equation-(B.7):

uy () Tu ()

where

hple, the hourly mass emission rate of 12 kg/h has a combined standard uncertainty of 0,34
bnding expanded uncertaintysat a level of confidence of 95 % (k=2) is given by 0,67 kg

Llation of the uncertainty of the monthly average mass emission rate

e approach jn“ISO 1122241 the uncertainty in the monthly average mass emission ra

ugy ()

18

kg/h.
/h or

te is

(B.7)

is the mean square uncertainty of the monthly average mass emission rate, 71, due to the
uncertainty in the determination of the set of measurement results, ;

is the mean square uncertainty of the monthly average mass emission rate, 71, due to the
incomplete time coverage (i.e. missing values) in the monthly data, .
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B.2.4 Standard uncertainty due to the measurements of mass emission rate

In accordance with the approach of ISO 11222:2002[4], 6.2 c), where no information is available to
differentiate between random and systematic uncertainties over the month period, the uncertainties in the
individual reading m are assumed to be systematic over the averaging period.

In this case, the individual uncertainties, u(m;), for each hourly mass emission measurement may be
calculated using the method described in B.2.2. Assuming all these uncertainties are non-random, the

contribution these make to the uncertainty in the monthly average may be determined from the following.

The model equation for the monthly average emission rate is given by Equation (B.8):

| 1 X
=Y (8.8)
i=1
where N is the number of hourly data points, .
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Equation (B.8), the sensitivity coefficient for each uncertainty u() is_1T/N. Assuming th
are caused by systematic effects, the combined standard uncertainty wu),(m) is theref
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ourly emission rate, to the monthly average values for the input parameters. This approxin
bed to determine the uncertainty on every hourly value.

ne example data set, the average dinitrogen oxide mass emission rate for the month is 13
of uM(;z) determined by determining the uncertainties for all 610 hourly values and combi
ibed above is 0,387 0 kg/h, or 2,83 % of the monthly average.

pmparison, applying the uncertainty calculation to the monthly average values for the inpu
>S,Va,¢702 and 7y,0) (9ives a standard uncertainty of 0,387 2 kg/h. The difference betw
aches in this case-isTegligible.

A full uneertainty analysis can be carried out on the measurement process, to assess the randgq
uncertainties.,For example the QAL3 zero and span data obtained in accordance with EN 14181[11]
a measure of the repeatability of the measurements of oxygen and dinitrogen oxide over the measu

ystematic-uncertainties can be calculated from the QAL2 calibration procedure specified in EN 14181[
ation ‘onr'the effect of influence quantities obtained during the performance testing of the analyser
ed:_This uncertainty analysis would provide separate information on the random and systematid

b uncertainty
bre given by

(B.9)

ata in which there is little variation in the parameters‘over the time period of interest, the {incertainty in
the njonthly average may be calculated by applying the tincertainty calculation described in the
the h
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11. In addition,
5 can also be

terms in the

ainfies of the oxygen and dinitrogen oxide data. These uncerainties could then be used within th

approach of

ISO 11222:2002[4], 6.2 a) to determine the uncertainty of the monthly average. This more involved approach would
provide a lower uncertainty — as the random terms would be reduced by a factor of \/ﬁ where N is the number of data
points in the monthly average.

B.2.5 Standard uncertainty due to incomplete time coverage of the monthly mass emission
data

The uncertainty due to the incomplete time coverage of the data us(mT) can be determined using the
procedures given in 1ISO 112224 [see Equation (B.10)]:

ug(fn)z[1— N Jisz(nh) (B.10)
Nmax N
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