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1. Introduction 
 

Emission measurements are carried out for 
various reasons. For example, to show that 
an installation meets the specific emission 
limit values, or the requirements for emission 
trading, or process optimisation, or the 
proper working of an emission abatement 
technique. This involves considerable social 
and economic interests, such as meeting 
European targets, possibly investing in 
emission reduction measures or the buying 
and selling of emission rights. It is of great 
importance that reliable measurements form 
the basis for such decisions. 

1.1 The state of affairs 
In the past decade, many positive 
developments have occurred that affect the 
quality of the measurements. Thus the 
quality requirements set on the measurement 
bodies have been sharpened. All 
measurement bodies that intend to 
implement air emission measurements must 
be accredited on the basis of NEN-EN-
ISO/IEC 17025 or NEN-EN-ISO/IEC 17020. 
Since 2009, the Accreditation Council (RvA) 
has also based assessment on CEN/TS 
15675, which is a specific elaboration in the 
field of air emission measurements for 
accredited measurement bodies. The 
measurement bodies are also obliged to 
participate in the so-called ring tests. During 
a ring test, all participating measurement 
bodies are assessed by an independent party, 
such as the Flemish Research Institute VITO, 
on the results of their measurements. 

The introduction of a ring test in the 
Netherlands is one of the major initiatives of 
the Platform Quality Air Measurements (PKL) 
and the Association of Quality Air 
Measurements (VKL). The PKL and the VKL 
have in recent years contributed to the 
further improvement of the quality of air 
measurements. The PKL is a platform where 
the competent authority, companies, 
measurement bodies and the Ministry of 
Infrastructure and Environment are 
represented. Objective of the PKL is that all 
emission measurements have been 
demonstrably implemented using 
standardized methods. The VKL unites many 
accredited measurement bodies in the 
Netherlands and aims to secure, develop, 
implement and maintain the quality of air  

 

samples. The VKL formulates, for example, 
codes of good practice that give practical 
meaning to the standards where these are 
unclear. 

An important tool in order to guarantee the 
quality of measurements is the use of 
measurement standards. In recent years, 
various developments have taken place in the 
field of standardization. For example, a 
standard for quality assurance of automated 
measuring systems has been published (NEN-
EN 14181). Because in practice, when using 
the standard, bottlenecks have arisen, a 
Netherlands Practice Guideline (NPR) has 
been developed that provides support for the 
introduction of procedures in NEN- EN 14181. 
NPR 8114 is intended as an informative 
implementation document, which after 
publication of the revised NEN-EN 14181 will 
expire. In addition, NEN-EN 15259 was 
published in 2007, which sets requirements 
on general aspects of the implementation of 
measurements such as planning and 
reporting, the selection of measurement 
location, the measurement plane evaluation 
and the sampling strategy. 

1.2 Manual and factsheets 
This manual describes the general and quality 
assurance aspects of the measurement of air 
emissions from stationary sources (and 
therefore no air quality measurements). The 
manual is accompanied by several factsheets. 
These factsheets describe per measurement 
standard (measurement type) the specific 
quality-determining factors for that type of 
measurement. The manual plus factsheets 
serve as support for the competent authority. 
They can be used in assessing the quality of 
the air emission measurements carried out to 
monitor the emission limit values in permits 
and in laws and regulations. 

They also provide tools for specifying quality 
requirements of the measurements in 
licensing. For this use can also be made of 
the digital tool “Monitoring requirements in 
the permit” of Section 3.7 of the Netherlands 
Emission Guidelines for Air. The manual and 
factsheets are emphatically not intended to 
replace the original measurement standards 
or to replace the accreditation of the 
measurement authorities.  

Assessing the quality of air emission 
measurements is quite complex.  
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The user of this manual and factsheets must 
therefore have a certain technical background 
and preferably some practical experience. 

1.3 Reading guideline 
In Section 2 Air emission measurements, the 
entire analysis process of sampling, sample 
conditioning to actual analysis is discussed. 
Section 3 Quality assurance deals with the 
quality assurance of measurements. It 
addresses the fundamentals of measuring 
quality, measurement standards and the 
quality assurance of measurement authorities 
and automated measuring systems. Section 4 
Competent authority and air emission 
measurements deals with different aspects 

relevant for competent authorities. It 
describes the various monitoring types and 
compliance assessment approaches, as 
included in laws and regulations. In addition, 
attention is paid to inclusion of measurement 
requirements in the permit, the measurement 
plan and the reporting of data and the control 
of representative operation during 
measurements. In Section 5 Conversion of 
measuring data, formulas are given for 
conversion of the measured values. 

For the sake of readability, this manual uses 
the term “flue gas” for all channelled 
emissions to air. 
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2. Air emission measurements 
 

This Section discusses the process of 
sampling, sample conditioning to the actual 
analysis. Air emission measurements can be 
directly performed in the flue gas channel (in 
situ) but also outside it (extractive) by 
extracting a partial stream with a sampling 
system (see § 2.2 In situ versus extractive). 
Here it is important that the flue gas is 
sampled in a representative way (see § 2.2.2 
Representativeness of sampling and 2.2.3 
Sampling methods). When using a sampling 
system, the sample must be conditioned with 
respect to dust and water vapour to avoid 
disturbance of the measurements and/loss of 
the flue gas components (see § 2.3 Sample 
conditioning). Subsequently the actual 
analysis takes place by a continuous or 
periodic measurement. Here, various 
methods and principles are applied (see § 2.4 
Analysis). 

 

2.1 Introduction 
Determining the air emission of an 
installation is mostly based on air emission 
measurements. It may concern 
measurements for the compliance 
assessment of limit values in laws and 
regulations, control measurements of 
continuous measuring equipment or 
guarantee or completion measurements of an 
emission abatement technique. Depending on 
the size and type of emission, a certain 
monitoring methodology for that is imposed 
in legislation, ranging from a periodic 
measurement to continuous measurements. 

 

Periodic measurements are performed by a 
measurement body who installs own 
sampling equipment on site and then 
measures the concentration of specific 
substances in the flue gas or sends the 
samples to a laboratory for analysis. Given 
that periodic measurements are a snapshot, 
it is important that the operation of the 
system is representative during the 
measurements. Due to the reliability and the 
representativeness, a measurement usually 
consists of several sub-measurements. 
Separate measurements for testing 

continuous measurement systems are called 
parallel measurements. 

 

Continuous measurements (automated 
measurements) are performed by the owner 
of the installation with permanently-installed 
equipment. Continuous measurements with 
the aid of component-specific analyzers are 
also referred to with the term Continuous 
Emission Monitoring System (CEMS). Another 
type of continuous measurement is Predictive 
Emission Monitoring System (PEMS). PEMS is 
an emission model that is used as alternative 
or backup for a CEMS. Here, the emission is 
calculated on the basis of a number of 
continuously measured operating 
parameters. This can be done by means of an 
unambiguous relationship between the 
emission and the operating parameters, or by 
means of a neural network, in which the 
relationship between the operating 
parameters and emission is not 
unambiguous. 

2.2 Sampling 
Emission measurements can be directly 
performed in the flue gas channel (in situ) 
but also outside it (extractive) by extracting a 
partial stream with a sampling system. 

 

2.2.1 In-situ versus extractive 
In-situ measurement means that no sample 
is extracted from the flue gas, but that the 
component to be determined is measured in 
the flue gas (see Figure In-situ 
measurement). This method is used, inter 
alia in the determination of physical flue gas 
parameters, such as temperature, pressure 
and velocity. Both the flue gas conditions and 
the available measurement principles, 
however, often prevent a direct analysis in 
the flue gas. For example, optical methods 
are disturbed by high concentrations of dust 
in the flue gas and infrared methods due to 
the presence of water vapour. An extractive 
measurement with a sampling system is then 
the alternative (see Figures Discontinuous 
extractive measurement with in-stack and 
out-stack filter). With a probe, partial flow of 
the flue gas is extracted, transported and 
analysed outside the flue gas duct. In 
general, extractive sampling is only applied in 
determining the chemical composition of the 
flue gas. 
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↑ Flue gas

In-situ measurements can be carried out by 
placing a suitable sensor in the flue gas 
channel. In addition, there are the so-called 
optical methods, in which the channel is 
irradiated with light of which the scattering or 
attenuation is related to the concentration of 
the component to be determined. The 
measurements with light rays are also known 
by the name of cross stack. The advantage of 
in-situ methods is the relatively simple 
instrumentation. A disadvantage is that at 
one point only, or in case of radiation on one 
line, measurements are performed and it is 
therefore difficult to sample in a 
representative way inhomogeneous gas flows 
(see § 2.2.2 Representativeness of sampling 
and § 2.2.3 Sampling methods). In addition, 
(linearity) tests and inspections are often 
difficult, because for that purpose the 
equipment must be expanded. 

There are two types of extractive 
measurements, discontinuous and 
continuous. In a discontinuous extractive 
measurement (see figure Discontinuous 
extractive measurement with in-stack filter), 
during a certain period of time, a partial flow 
is withdrawn from the flue gas stream, in 
which certain components are fixed in an 
absorption liquid or on an adsorbents, such 
as a filter. These samples are then analysed 
in a laboratory. It is important to carefully  

analyse the flue gas volume to which the 
collected sample relates, so that 
subsequently the concentration in the flue 
gas can be calculated from the results of 
analysis. In a continuous extractive 
measurement (see figure Continuous 
extractive measurement with out-stack filter) 
a quantity of flue gas is continuously 
withdrawn from the channel, transported to 
an analyser and then continuously examined 
on composition. 

Inherent in extractive measurements is the 
transport of the sample. Here errors can 
occur in the concentration determination due 
to dilution of the flue gas as a result of 
leakage, due to chemical reactions or 
adsorption of the component onto the 
transport system. It is therefore important 
that the leak-tightness of the sampling 
system is monitored and that it is inert with 
respect to the components to be determined. 
Materials such as quartz, Teflon and stainless 
steel are therefore often used. In addition, 
the conditioning of the sample with respect to 
particulates and water vapour is important 
(see § 2.3 Sample conditioning).  

(Incidentally, combustion emissions are 
corrected for dilution of the flue gas due to 
leakage, because the emission concentration 
is converted to standard oxygen 
concentration; see Section 5 Conversion of 
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measurements. For this, the oxygen content 
in the same sample must be measured.) 

Benefits of extractive measurements 
compared to in-situ systems are the simpler 
implementation of tests and inspections. It is 
also possible to connect sample networks, 
with which the quality of the sampling can be 
aligned to the flue gas homogeneity. The 
disadvantages are the relatively complicated 
equipment and the above-mentioned risk of 
leakage, chemical reactions or adsorption. 

 

2.2.2 Representativeness of 
sampling 
In order to obtain representative 
measurements, sampling should focus on 
homogeneity of the flue gas. It is often stated 
that flue gases are homogeneous due to the 
high rate of diffusion of substances in the gas 
phase and that it therefore does not matter 
at which position sampling takes place in 
order to acquire a representative sample. 
This ignores the relatively high flue gas 
velocity and hence short residence time in 
the installation. In addition, temperature 
differences are causing the flue gas to mix 
poorly. Fans bring no change; a good fan 
with low power consumption only moves 
gases, without properly mixing them. This 
means that once formed the non-
homogeneity in the flue gases settles poorly. 
The possible sources of the non-homogeneity 
are the merging of multiple flue gas streams, 
multiple burners in one boiler or the presence 
of emission abatement techniques such as 
DeNOx and DeSOx. 

The choice of the measurement site has an 
influence on the homogeneity of the flue gas 
to be sampled. NEN- EN 15259 gives criteria 
that a suitable measurement site must meet. 

The optimum measurement plane (cross-
section of the flue gas channel) where the 
probability of homogeneous composition and 
flow of the flue gas is greatest, is situated in 
a measurement section (part of flue gas 
channel) that is free of distortions 
downstream and upstream such as bends, 
fans or partially closed exhaust valves. The 
measurement section has a constant shape 
and cross-section and is preferably vertical. 
The measurement plane is also situated in a 
measuring section of at least seven hydraulic 
diameters. The measurement plane is then 
five hydraulic diameters upstream and two 

hydraulic diameters downstream in the 
measuring section (and five hydraulic 
diameters in front of the outlet of the flue gas 
channel). A hydraulic diameter is equal to 
four times the quotient of the surface of the 
measuring surface and the circumference of 
the measuring surface. 

Compliance with the recommendations for 
optimum measurement location is no 
guarantee that the composition and the 
physical parameters (e.g. temperature and 
velocity) of the flue gas at the sampling point 
are homogeneous. The degree of 
homogeneity should be determined by means 
of a homogeneity test (also referred to a 
profile measurement). For a homogeneity 
test, the results of a series of point 
measurements are compared with the 
measuring results of a measurement at a 
fixed point (so-called grid measurement – 
see § 2.2.3 Sampling methods). 

The standard determines via a statistical 
elaboration which sampling method is 
required. The homogeneity test shows 
whether the profile (flow and concentration 
differences on the measurement plane) is not 
significant, negligible or significant. 
Depending on the significance of the profile, 
an appropriate sampling method should be 
used with which a representative sampling 
can be achieved (see § 2.2.3 Sampling 
methods). 

In some cases, the homogeneity test does 
not have to be performed. For the 
particulates and components that have a 
particulate phase, the most complex 
sampling method, the grid method, must 
invariably be used. Also when information 
about the distribution of the component in 
the measurement plane is known (for 
example by previous measurements under 
similar conditions) it is not necessary to 
conduct the profile measurement once more. 
Finally, the measuring body, in consultation 
with the company and the competent 
authority, may choose to sample with a grid 
measurement and to refrain from a 
homogeneity test 
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Probe for automated flow rate measurement 

 

2.2.3 Sampling methods 

NEN-EN 15259 distinguishes three sampling 
methods: 

• a measurement at any measuring 
point; 

• a measurement at a representative 
measuring point; 

• a grid measurement. 
 
When it concerns gaseous components where 
a non-significant profile is shown by the 
homogeneity test, it is sufficient to use the 
simplest way of sampling, i.e. a sampling at 
any point. Gaseous components with 
negligible profile can be sampled at a 
representative measuring point. Finally, 
gaseous components with a significant profile 
and dust or any particulate matter are 
sampled with a grid measurement. The 
sampling of dust and particulate matter must 
also take place isokinetically (see box 
Isokinetic sampling).  

Sampling at a representative point is reached 
when the measurement axis and the insertion 
depth of the sample probe are adjusted in 
such a way to the concentration profile that 
the flue gas composition on the spot 
corresponds to the average composition (see 
figure Point sampling). 
 
The grid measurement consists of a series 
point measurements, where a sample is 
taken in each case in a different, 
predetermined position in the cross-section of 
the channel for a fixed time (see figure Grid 
measurement). The positions of the sampling 
points are distributed over the channel in 
such a way that the average measuring result 
of all points is a surface-weighted average. If 
at the same time a measurement is also 
taken at each point of the flue gas velocity 
and temperature, it is possible that the 
measuring results of gaseous components 
can be weighed as a function of the flue gas 
velocity. 
 
In addition to the methods mentioned in the 
standard, line sampling and network 
sampling are also used in practice. In line 
sampling, a mixed sample is obtained by 
means of a probe with several suction 
openings distributed over the depth of the 
channel (see figure Line sampling). In 
network sampling, a network of sample 
points is constructed with a number of line 
probes. A surface-weighted mixed sample 
can be drawn into the network (see figure 
Network sampling). 
 
Line sampling and network sampling are 
more reliable than point sampling and can be 
used by the measuring bodies as an 
alternative to a measurement at any point. 
The disadvantage of line and network 
sampling is that no certainty exists whether 
all suction openings extract the same volume. 
These methods cannot be used as an 
alternative to grid measurement because, 
contrary to grid measurement, no weighing 
of the flue gas velocity can take place at the 
different measurement points. 
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Point sampling 
The sample is taken at the position in the 
cross-section of the flue gas channel with 
average flue gas composition. 
 

Grid sampling  
With the aid of a probe, a sample is taken 
each time at a predetermined position in the 
cross-section. Profile measurements are 
taken in the same way, by performing a 
second measurement at a fixed position. 

Line sampling 
The diameter of the probe, the sample flow 
and the size of the suction openings are 
aligned in such a way that at each point and 
equal partial volume of sample is drawn in. 
 

Network sampling 
The design of the network, diameter of the 
probe, the sample flow and the size of the 
suction openings are aligned in such a way 
that at each point an equal partial volume of 
sample is drawn in; the mixed sample 
created in such a way is surface weighed. 
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Isokinetic sampling 
When a representative sample of dust or any 
particulate matter or water droplets must be 
taken from a flue gas stream, it is important 
that the sampling takes place isokinetically. 
In isokinetic sampling, the size and direction 
of the gas velocity on the suction opening of 
the sampling system is equal to the 
undisturbed gas velocity and direction in the 
flue gas channel. The last-mentioned factors 
must first be determined. Based on these 
data and the cross-section of the inlet, the 
isokinetic sampling rate is calculated. The 
importance of an isokinetic sampling is 
clarified in the figure.  

At a lower velocity of extraction in the inlet 
than in the channel, the gas bends around 
the probe, but particles may not be able to 
follow this deflection, but goes straight on. 
The result is an overestimation of the particle 
concentration. At a higher extraction velocity 
in the inlet than in the channel, the gas is 
extracted from the immediate surroundings, 
but no particles. This results in an 
underestimation of the particle concentration. 
At an equal extraction velocity in the inlet 
and in the channel, the correct particle 
concentration is determined. 
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2.3 Sample conditioning 

Both the flue gas conditions and the available 
measuring principles, often prevent a direct 
analysis in the flue gas. An extractive 
measurement with a sampling system is then 
the solution. To avoid disruption of the 
measurements and/or loss of the flue gas 
components, the sample must be conditioned 
with respect to particulates and water 
vapour, as further described in this section. 

2.3.1 Particulates 

With extractive measurement, the sampling 
system must be protected against deposit of 
particulates  in connection with possible 
blockage of the system or adsorption of the 
component to the deposited particulates. In 
continuous optical measurement methods, 
particulates filtration is important due to 
possible contamination of the cell that can 
lead to incorrect measuring results. In 
discontinuous sampling, particulates filtration 
also takes place. This has, on the one hand, 
to do with disruption of the chromatographic 
and optical analyses when the absorption 
fluid is not clear. On the other hand, filtration 
of the sample gas offers the possibility to 
separate the gaseous component from the 
particulate-bound portion. By placing a filter 
directly after the sample probe (out-stack) or 
sometimes even in front of the sample probe 
(in-stack) the smallest possible portion of the 
sample transport will take place unfiltered. 
 
A filter must not, of course, react with the 
components in the flue gas. In addition, the 
filter must be heated prior to sampling and 
the temperature must be kept above the dew 
point during the sampling, so that the 
dissolving of the flue gas components in the 
condensate is prevented. Usually, a 
temperature of circa 110 to 120°C is 
satisfactory. Detailed specifications are given 
in standards. If higher hydrocarbons are 
among the components of attention, a higher 
temperature must be set, so that they do not 
condense. An unexpected low emission value 
may be a result of wet or poorly maintained 
filter system. 

 

2.3.2 Water vapour 

Condensation of water vapour due to 
uncontrolled cooling of flue gases in the 
sampling system may lead to losses of the 
component in the condensate. In addition, 
condensation of water vapour in the 
measuring instrument may lead to unreliable 
measurement results and damage to the 
instrument. 
 
There are two types of measuring 
instruments on the market for continuous 
measurement with an extractive sampling. 
With the first type, such as for example an 
analyser on the basis of flame ionisation 
detector (FID), the sample gas is heated in 
order to avoid condensation of water vapour. 
The analysis therefore takes place in wet and 
hot flue gas held above the dew point both 
during the transport and in the measuring 
instrument with the aid of heating and good 
insulation. The design of the sampling 
system, pumps and analysis equipment must 
be constructed in such a way that no “cold” 
transitions occur. Uninsulated pipe sections 
and poorly applied heating may cause 
undesirable cold spots, where losses can 
occur as a result of condensation. Upon 
failure of the external heating system, 
damage to pumps and analysers may occur. 
An extensive temperature monitoring is 
therefore necessary. Heated measuring 
systems have the disadvantage that an 
additional water vapour measurement is 
necessary. A heated alarm system is not 
always possible due to the disruptive effect of 
water vapour on different measuring 
techniques, such as infrared analysis. 
 
In the other type of measuring instrument, 
also referred to as “cold” analyser, no heating 
takes place. The measuring cell in a “cold” 
analyser is incidentally kept at constant 
temperature to prevent the ambient 
temperate having an effect on the measuring 
result. The set temperature is usually too low 
to prevent condensation in the measuring 
instrument. “Cold” analysers may only be 
used when, prior to the analyses, the water 
vapour concentration in the flue gas sample 
has been lowered, so that the dew point is 
lower than the analysis temperature. 
Reduction of the water vapour concentration 
is also of interest for sampling organic 
components on activated carbon or other 
adsorbents. Condensation of water vapour to 
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the adsorbent lowers the capacity of the 
filter.  
 

Drying can be achieved by means of: 
 

• Dessicants 
• Cooling 
• Permeation drying 
• Dilution 

 
Up to the drying process, cold spots and the 
attended losses must be prevented by means 
of effective heating. 
 

Flue gas drying 

Dessicant 
In a periodic measurement where the 
extracted flue gas volume is determined 
(behind the fixation medium), usually a 
drying agent such as concentrated sulphuric 
acid, silica gel or a molecular sieve is used. 
Application of such dessicants is not possible 
with continuous measurement systems due 
to adsorption (and loss) of flue gas 
components. 

Cooling 
Sample gas cooling is by far the most 
commonly used. In coolers specially designed 
for this purpose, the flue gas is cooled to a 
temperature of around 4°C. Verification of 
the proper operation of a cooler may take 
place, among other things, with the help of a 
dew point meter. Measurement of the 
temperature at the end of the cooler is not 
suitable because the flue gas from the cooler 
is directly heated by the environment and the 
heating capacity of the sample flow is very 
small. As a result, a higher temperature than 
the actual temperature is measured. 

The contact time between the condensate 
and the flue gas flow is kept as short as 
possible in order to reduce losses of water-
soluble substances, such as SO2 and NO2 in 
the condensate to a minimum. Nevertheless, 
large losses occur when the flue gas cooler is 
operated at overpressure in order to achieve 
further drying. In spite of the extra care need 
to prevent leakage, a flue gas cooler must 
therefore operate at underpressure. In 
practice this is achieved by placing the 
sample gas pump between the cooling 
system and the measuring instrument. If 
incorrectly installed, losses up to 40% of SO2

have been observed in flue gas coolers. The 
usual dose of acid in the cooler to reduce 
losses is not sufficient here. 

Permeation drying 
The principle of permeation drying is based 
on the selective transport of water vapour 
through a membrane. For the other 
components in the flue gas, the membrane is 
impermeable. By sucking in flue gas on one 
side of the membrane, while on the other 
side a dried flushing gas flows in counterflow, 
selective water vapour transport takes place 
towards the flushing gas. As a result, the flue 
gas is dried. During this process, no 
condensate is produced in which components 
can dissolve. A disadvantage of this method 
is that the drying capacity may be reduced 
due to contamination, so that too low 
concentrations are measured or damage may 
still occur to the analyser due to 
condensation. Too low concentrations of 
specific components may occur, because the 
used membrane is not completely 
impermeable to the respective component. In 
addition, the used membranes are sensitive 
to certain organic components. 

Dilution 
Dilution does not in fact remove water vapour 
from the flue gas flow, but through dilution 
with dry nitrogen or dried air it is achieved 
that at room temperature no condensation of 
water vapour occurs. A 25 to 100-fold 
dilution is common in practice. Obviously, the 
sensitivity of the analysis method must be 
adapted to this and a separate oxygen  
measurement must take place in the 
undiluted flue gas. The application of dilution 
to prevent condensation of water vapour in 
components with a low emission limit value is 
not used, because the concentrations to be 
measured will then lie below the limit of 
detection. 

Technically, it is possible to carry out these 
conditioning systems in combination with 
sampling network, but dilution is usually 
applied as a point measurement. The control 
of the dilution factor can easily be carried out 
by using a test gas with known 
concentrations. An advantage of the dilution 
method is that the system is less likely to be 
contaminated, because extremely diluted flue 
gas is used. The disadvantage of a dilution 
system is often said to be the instability of 
the dilution and the required water additional 
vapour concentration measurement. 
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Sample conditioning and analysis system 

 

2.4 Analysis 

After sample conditioning, the actual analysis 
is carried out by a continuous or periodic 
measurement. This concerns the 
concentration of the component(s) in the flue 
gas, but also the reference quantities, such 
as oxygen content. 
 
Periodic measurements are performed by a 
measuring body that installs own sampling 
equipment on the spot and then measures 
the concentration of specific substances in 
the flue gas on the spot. An example of this 
is determining the NOx-concentration in the 
flue gas for a given, fixed period (e.g. a half 
hour) with the aid of NOx-analyser. It is also 
possible to extract a certain known quantity 
of flue gas, where the flue gas component is 
fixed in an absorption fluid, on a filter or 
adsorbent. This fluid or solid sample is then 
sent to a laboratory for further “wet-
chemical” analysis. One example is the 
fixation of SO2 from the flue gas in a 
hydrogen peroxide solution, followed by a 
liquid chromatographic determination of the 
sulphuric acid content as a measure of the 
SO2 concentration. 
 
Finally, the measuring body can also collect a 
gaseous flue gas sample in a sample bag, 
after which a concentration measurement 
takes place in the laboratory. This method is 
used, for example, for odour measurements. 
The treatment of samples from the 
measurement location in the field to the 
treatment and analysis at the laboratory is 

described in NEN 8014: Sample handling 
chain: field, transport, laboratory.  
 
Continuous measurements (automated 
measurements) are performed by the 
operator with permanently-installed 
equipment. Continuous measurements can be 
performed with the aid of a Continuous 
Emission Monitoring System (CEMS) or with 
the aid of a Predictive Emission Monitoring 
System (PEMS). An example of a PEMS is 
elaborated in the box. The advantage of a 
PEMS with respect to a CEMS is that it is a 
simple, maintenance-free system merely 
consisting of certain time-recorded and 
mathematically-combined operating variables 
(emission-relevant parameters – ERP’s). A 
disadvantage is, however, that without 
specialist knowledge it is impossible to check 
whether the correct, and especially whether 
all relevant parameters are incorporated in 
the system. The guidelines for composing the 
PEMS and the quality assurance thereof are 
set out in NTA 7379 (see §3.4 Quality 
assurance of automated measurement 
systems). 

 

Example of a Predictive Emission 
Monitoring System 

The NOx emission from a gas turbine with 
steam injection can be measured, but can 
also be determined with the aid of a set of 
emission-relevant parameters (ERP). In this 
gas turbine, the actual steam injection and 
the actual load and the logical ERP’s can be 
indicated. These are not all parameters that 
affect the emission, but they are two 
parameters with which a prediction of the 
emission with a certain accuracy is possible. 
In applying these ERPs, the range within 
which both parameters normally move during 
the operation of the facility, NOx reference 
measurements must be performed for the 
unambiguous determination of the so-called 
emission curve. 

Emission = F(steam injection, load) 

This means that each time only one emission 
value can be calculated from any combination 
of the actual steam injection and actual load. 
The emission curve must be checked 
periodically with NOx measurements, because 
during the life cycle of the gas turbine, 
changes can occur due to wear or fouling that 
may affect the emission. 

Depending on the process and the conditions 
under which measurements must be taken, 
one or more analytical methods are available. 
Preferably methods are used that are 
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standardized in so-called measurement 
standards (see § 3.2 Measurement 
standards) or methods that give results of 
comparable quality. To demonstrate these, 
procedures are available. (See for example, 
NEN 7778: Environment – Equivalence of 
measuring methods or CEN/TS 14793: 
Stationary source emission - Intralaboratory 
validation procedure for an alternative 
method compared to a reference method) 
Some measurement methods are by 
legislation designated as the standard 
reference method and are therefore 
obligatory for certain types of measurements. 

Here are some examples of commonly used 
measurement principles in air emission 
measurements. For more information on the 
application of these measuring principles in 
the measurement standards, refer to the 
practice sheets allied to this manual. 

• Infrared spectrometry (IR; moisture) 
• Ultraviolet spectrometry (UV, SO2)
• Gravimetry (moisture, dust) 
• Flame ionisation detection (FID; CxHy)
• Chemoluminescence (NO/NOx)
• Paramagnetism (O2)

In automated measurement systems, 
techniques can be used that differ from the 
measurement standards. The precondition is 
that the quality is guaranteed with NEN-EN 
14181. Examples include PEMS and multi-
component techniques such as Fourier 
Transform Infrared Spectrometry (FTIS) and 
tunable laser, with which different 
components can be measured. The legislation 
provides opportunities to apply these 
techniques. The measuring results must, 
however, be of comparable quality. This can 
be demonstrated by performing parallel 
measurements according to NEN-EN 14181. 
If (external) measuring bodies want to apply 
non-standardized methods, this requires a 
more extensive comparative study according 
to CEN/TS 14793. The measuring bodies 
should indeed be able to demonstrate the 
reliability of the non-standardized method 
under ever changing circumstances and 
changing flue gas composition. 
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3. Quality assurance 
 
To be confident that a measurement meets 
the specified requirement, quality assurance 
is necessary. Quality assurance includes all 
planned and systematic activities within a 
quality system to be sufficiently confident 
that a product, process or service meets the 
quality requirements. Elements that play an 
important role in air emission measurements 
are the use of standardized and validated 
measurement methods, the quality assurance 
of measuring bodies (through accreditation 
and certification) and the quality assurance of 
automated measurement systems (through 
periodic calibration and control). These 
elements are explained in § 3.2 Measurement 
standards, § 3.3 Accreditation and 
certification and § 3.4 Quality assurance of 
automated measurement systems. 
Considerations in the practical 
implementation of air emission 
measurements are discussed in § 3.5 
Implementation practice. 

3.1 Introduction 
 
The purpose of a measurement is to 
determine the value of a measurable 
quantity. During the measurement, the true 
value of a measuring signal is obtained. This 
signal is then calibrated by means of a 
calibration function in which the response of 
standard samples is recorded, converted into 
a measuring result. In general, the 
measurements are merely an approximation 
or estimate of the true value. If the 
measurement on the sample is repeated 
under identical conditions, it appears that the 
results are always dispersed. A measuring 
result therefore has a certain uncertainty. 
 
The deviation of a measuring result of the 
true value is split into two components: 
random deviations and systematic deviations. 
Random deviations are inevitable and are 
specific to a measurement method. As 
mentioned above, a series of measurements 
on the same sample will always show a 
spread; the one time the measurements are 
above the average and the other time below 
the average. If the dispersion around the 
average is small, the measurement is 
considered precise. With systematic 
deviations, there is a consistently too high or 
too low value of the measurement with 
respect to the true value. If the difference 
between the average value and the true  
 

value is small, the measurement is 
considered accurate. Measurements with both 
high precision and accuracy have a a small 
measurement uncertainty (see figure 
Precision and Accuracy). 
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Precision and accuracy 
 
A: precise, not accurate  B: not precise, not accurate 
C: precise, accurate   D: not precise, accurate 
 

It is important to know the accuracy of a measurement, but accuracy is not an end in itself. 
Measurements must be sufficiently precise for the purpose they serve. The maximum permissible 
measurement uncertainty is usually determined by “the customer”; for measurements in the 
context of environmental policy, this is the government. The aspect of measurement uncertainty is 
further explained in § 3.2.3 Measurement uncertainty.

3.2 Measurement standards 
Standardized and validated measuring 
methods are an important tool for obtaining 
reliable measuring data. Such standardized 
and validated measuring methods are usually 
recorded in measurement standards. 

3.2.1 Development of measurement 
standards 
Measurement standards are drafted at 
national, European and global level. Thus the 
Nederlands Normalisatie Instituut (NEN), le 
Comité Européen de Normalisation (CEN) and 
the International Organization for 
Standardization (ISO) are involved in the 
development and management of NEN, EN 
and ISO standards, respectively. 
 
An international standard is developed in a 
Technical Committee of ISO. Implementation 
of international standards is no obligation. 
International documents accepted by the  
Netherlands carry the coding NEN-ISO. A 
European standard developed in a Technical 
Committee of CEN is valid for all European  
 

member states. The national standardisation 
institutes are obliged to take over 
(implementation obligation) within one year 
after the release. In the Netherlands the 
European standards carry the coding NEN-
EN. Some international standards are also 
accepted on a European level. These 
documents are identified by the coding: NEN-
EN-ISO. When for the measurement of a 
particular parameter no European standard 
exists, ISO or NEN standards or other 
national measurement standards may be 
used. 
 
In addition to the ISO, EN en NEN standards, 
other standardisation products are also 
developed. At the European and global level 
there are, for example, technical specification 
(CEN/TS or ISO/TS) and technical reports 
(CEN/TR or ISO/TR). A Technical 
Specification (TS) is drawn up for provisional 
specification. The technical state of affairs or 
the consensus is still insufficient to release a 
standard. The Technical Specification can also 
be used for rapid interim publication of the 
results of a standard development process. 
 
A Technical Report (TR) has an informative 
character. It is issued when it appears 
desirable to make available certain 
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information. This may include technical data, 
but also an inventory of regulations and 
standards per country. 

 
At the national level, NEN develops, in 
addition to NEN-standards, Netherlands 
Practice Guidelines (NPR) and Netherlands 
Technical Agreements (NTA). The NPR is an 
informative document that offers a practical 
implementation of the provisions in a 
standard. The NTA is an agreement between 
two or more parties. The NTA distinguishes 
itself further from the standard and the NPR 
by the principle of decision-making (for NTA, 
voting in contrast to consensus) and the 
ability to participate (for NTA, there is no 
consultation via a public comment round). 
The process is therefore faster than for a 
standard and can better respond to 
technological developments or 
implementation of EU legislation. An NTA is 
sometimes developed in a NEN standard 
when it appears that the arrangement should 
be broader based and that more consultation 
is desirable. 
 
On InfoMil website, you will find an overview 
of current standards for measuring air 
emissions. The standards can be ordered via 
the NEN shop (www.nen.nl). 

3.2.2 General scheme of 
measurement standards 
Measurement standards are standardized 
descriptions of a particular type of 
measurement. In general, the measurement 
standards contain information on: 
 

• the scope: parameters, matrices 
(water, soil, air, waste) and 
concentration range; 

• the measurement principle; 
• the equipment and reagents; 
• the manner of execution, possibly 

with a number of degrees of freedom 
or room for interpretation, concerning 
which it has been established that it 
does not significantly affect the 
result; 

• the performance characteristics of the 
measurement method. 

Although most measurement standards 
describe a specific method, there are also 
standards that deal with several principles of 
measurements or leave the measurement 
principle open and free. In that case, the 
discussion will center on the minimum 
performance characteristics that the method 
should comply with. 

The performance characteristics of a 
measurement method quantify the extent to 
which the results of this method may differ 
from the actual value. They can be divided 
into general performance characteristics 
(range), performance characteristics related 
to precision (detection limit, repeatability and 
reproducibility) and performance 
characteristics related to accuracy (accuracy, 
robustness, selectivity, etc.). 

The developments of recent years show that 
increasingly lower emission limit values are 
imposed in the permits. Account should, 
however, be taken of the validated 
concentration levels in the available 
standards. In a number of permits insufficient 
consideration has been taken of this, so that 
the emission limit value has shifted below the 
detection limit of the method or the 
measurement uncertainty requirement is 
smaller than specified in the standard. 

Definitions of some performance 
characteristics 

Range gives a limitation to the validity of 
other performance characteristics. This 
performance characteristic is not determined, 
but specified. 

Demonstrability limit is defined as the 
lowest limit of the component in the sample, 
the presence of which can still be determined 
with a certain reliability. Three times the 
standard deviation is, for example, used as a 
limit. A related term is the determination 
limit that is often defined as ten times the 
standard deviation. 

Repeatability is defined as the degree of 
similarity between the results of successive 
measurements of the same measurement 
quantity performed under identical 
measurement conditions. These identical 
measurement conditions concern the 
measurement method, the observer, 
instrument, the location, and repetition within 
a short time span. 

Reproducibility is defined as the degree of 
similarity between the measuring results of 
the same measurement quantity obtained 
under varying measuring conditions. The 
variable conditions may include: the 
observer, the measuring instrument, the 
location and the time. The repeatability and 
reproducibility can be determined by 
repeated measurements on the same sample 
or by measurements on several, identical 
assumed samples and determining the 
distribution of the outcome. The 
measurements cover the entire “analytical 
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process” of sampling up to the measurement 
itself. 

Accuracy is defined as the ability of a 
measurement method to display evidence 
without bias. The accuracy of a method can 
only be determined when a comparison with 
the true value is possible. This value is by 
definition unknown, but can be approached 
by the use of a sample with a precisely 
known composition (reference material) or by 
the addition of an accurately known quantity 
of the measuring component to a sample. A 
reference method can also be used: a 
method with known precision and accuracy. 
For air emission measurements, the standard 
reference method is usually specified in laws 
and regulations.  

In addition to the above-mentioned standards 
for measuring specific parameters and 
components, there are also more general 
standards aimed at the implementation and 
quality assurance of the measurements. 
These include standards for the measurement 
plane, the measurement site, the planning 
and the reporting (see § 3.3 Accreditation 
and certification) and for the quality 
assurance of automated measuring systems 
(see 3.4 Quality assurance of automated 
measuring systems). 

3.2.3 Measurement uncertainty 
There is a trend to replace the reproducibility 
and the accuracy with the measurement 
uncertainty as performance characteristic, 
which is a combination of both. The 
measurement uncertainty is composed of 
sources of uncertainty in sampling, sample 
handling and analysis. As a measure of the 
uncertainty, the confidence interval (CI) is 
used. Usually this is a probability of 95% (so-
called 95% confidence interval). This means 
that the probability that the true value is 
within this range is 95%. The size of the 
measurement uncertainty can be derived 
from the relevant measurement or can be 
estimated by the measuring body that 
performs the measurement. There are 
procedures for calculating the measurement 
uncertainty (See for this NEN-EN-ISO 
14956). The basic statistic data may be found 
in the measurement standards and the 
specifications of the measuring instruments. 

In the Dutch and European legislation, the 
maximum permissible measurement 
uncertainty in the results of continuous 
measuring  systems (as 95% confidence 
interval) is expressed as a percentage of the 
emission limit value. By calculations it can be 
shown whether the relevant measurement 
system meets the requirement. On the basis 

of a number of statistical observations, it is 
assumed that the confidence interval of the 
average is equal to the individual 
observation. The average measured is 
reduced, before compliance assessment, by 
the confidence interval of the individual 
observation. When the corrected average is 
smaller than the emission limit value, this 
means that the emission limit value is not 
significantly exceeded. 

For periodic measurements performed by an 
accredited measurement body, it applies that 
this measurement body must be able to 
indicate, by means of its quality system, what 
the size of the confidence interval of the 
measuring result is. This interval is generally 
lower than the 95% confidence interval for 
continuous  measurements. The verification 
of compliance with the emission limit values 
can be performed on the average 
measurement value decreased by a 95% 
confidence interval demonstrated by the 
measurement body. It is noted here that 
when the average of several sub- 
measurements (n) is assessed, the 
measurement uncertainty specified by the 
measurement body must be divided by √n. 
This is the case with measurements in the 
context of the permit (Netherlands Emission 
Guidelines for Air - NeR). 

Incidentally, in measurements for other 
purposes than compliance assessment (e.g. 
guarantee measurements) clear agreements 
should be made on how to handle the 
uncertainty. 
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3.3 Accreditation and certification 
The quality of measuring bodies is secured by 
means of accreditation and certification. 

3.3.1 Accreditation 
The accreditation of measurement bodies is 
an important tool for obtaining reliable 
measurements. Accreditation is the 
procedure used to recognize whether an 
organization or person is competent to 
perform specific tasks. Major subjects are: 
independence, impartiality, objectivity, 
transparency, consistency, continuity and 
competence. Accreditation is a obligation for 
the measurement bodies. 

The Accreditation Council (RvA) has existed 
since 1995. Under the EU regulation 
“Accreditation and Market Surveillance”, the 
RvA has been designated by the Ministry of 
Economic Affairs in 2009 as National 
Accreditation Authority. The RvA meets the 
requirements of ISO/IEC 17011 and is a 
signatory of the Multilateral Agreement of the 
European Co-operation for Accreditation (EA). 
Based on this agreement, mutual 
accreditations are, among other things, 
recognized within the EU. A measurement 
body accredited by a foreign accreditation 
body (see www.european-accredidation.org) 
is on that basis also admitted in the 
Netherlands. 

The accreditation process consists of a 
registration, followed by a preliminary 
investigation and assessment. An acquired 
accreditation is assessed annually by the RvA 
on continued validity. 

The bodies that perform air emission 
measurements fall under the category of 
testing laboratories or inspection bodies. The 
testing laboratories determine the properties 
of a product or process and make a 
statement about the analysis result on the 
basis of their investigation. The competence 
of inspection bodies goes further, because on 
the basis of the analysis result they may 
make a statement on whether the user target 
is being met. Upon accreditation, the 
inspection bodies are tested against NEN-EN-
ISO/IEC 17020. 

The framework for the accreditation of testing 
laboratories is formed by NEN-EN-ISO/IEC 
17025 and NPR-CEN/TS 15675. NEN-EN-
ISO/IEC 17025 contains al requirements that 
the testing laboratories must meet when they 
want to demonstrate that they operate in  

 

accordance with a quality system, are 
technically competent and able to deliver 
technically valid results. NPR-CEN/TS 15675 
is an elaboration thereof in the field of air 
emission measurements (stack emissions). 

The requirements in NEN-EN-ISO 17025 are 
divided into demand on management and 
technical requirements. The demands on 
management are focused, among other 
things, on the establishment and 
maintenance of a quality system, the control 
of documentation and registrations and the 
taking of preventive and corrective measures. 
In addition, there are technical requirements 
that deal with the influence of the accuracy 
and reliability of measuring results by: 

• human factors (demands on staff); 
 technical provisions and environmental      

factors; 
• measurement methods (selection, 
 validation, determination of  

measurement uncertainty; 
• equipment (maintenance,calibration“log”; 
• traceability of measurements; 
• sampling and treatment (procedures for 
 sampling, transport, storage, etc.); 
• requirements for reports of 
 themeasurement bodies. 

The accreditation includes a scope or field of 
application. For the measurement body 
concerned, this means that the material or 
product (matrix) is specified in which the 
tests are carried out, the type of tests or 
parameters and the methods that are 
employed. These methods may, but do not 
necessarily be based on a standard. The 
application of the standardized measurement 
method may be deviated from if it is shown 
that the measuring method to be applied 
leads to similar results as the standardized 
measurement method. (For example, using 
NEN 7778 or CEN/TS 14793.) In cases in 
which no situation-specific standardized 
measurement methods are available, other 
measurement methods may be used. If the 
comparison with reference method has been 
demonstrated, it may be included in the 
scope that the measurement has been taken 
according to a reference method. Otherwise, 
an own method is used for accreditation. 

For less common components, an 
accreditation suffices for the more general 
flue gas components, such as for example 
NOx, SO2, dust, CxHy and O2.

The scope also mentions which sites fall 
under the accreditation and which operations 
are accredited per site. 
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Information on accredited measuring bodies 
and their scope is available from the 
Accreditation Council: www.rva.nl

3.3.2. Certification  
Certification is sometimes defined as the 
procedure by which it is shown that there is 
sufficient confidence that a product, process 
or service conforms to a particular standard. 
The testing criteria are international and 
national standards and, if necessary, 
additional requirements from the industry or 
sector. 

In the field of measurement of air emissions, 
there is a certification scheme. The 
Foundation Certification Inspection and 
Maintenance Combustion (SCIOS) manage a 
quality system based on ISO 9002 in the 
specific field of professional combustion 
plants. 

The scheme focuses, in addition to 
maintenance and inspection activities, on NOx

emission measurements (scope 6). In an 
annex to the certification scheme, practical 
guidelines have been included for the 
implementation and reporting of such 
measurements on combustion installations. 

3.4  Quality assurance of automated 
measuring systems 
From the EU, there is increasing attention for 
the quality assurance of automated 
measurement systems. In that context, a 
European standard is available: NEN-EN 
14181: Stationary source emissions – Quality 
assurance of automated measurement 
systems. This standard describes three levels 
of quality assurance for automated 
measurement systems (QAL – Quality 
Assurance Level) and an annual surveillance 
test (AST). 

QAL 1 is the procedure that assesses whether 
a measurement system can meet the 
measurement uncertainty, as specified in the 
regulations. On the basis of the performance 
characteristics of the measuring instrument 
and knowledge of the flue gas composition 
and concentration distribution, an estimate is 
made of the standard deviation of the 
measurement system (s). Then, using this 
standard deviation, the 95% confidence 
interval is calculated and compared with the 
required interval (see also § 3.2.3 
Measurement uncertainty). The procedure for 
this is defined in NEN-EN-ISO 14956: Air 
quality-Evaluation of the suitability of a 
measurement method by comparison with a 
required measurement uncertainty of a new 

measurement system. Upon the installation 
of a new measurement system, QAL 1 can be 
implemented by means the certification 
standard NEN-EN 15267: Certification of 
automated measurement systems. 

QAL 2 describes the procedures for validation 
and calibration, after the automated 
measurement system has been installed. To 
this end, a number of parallel measurements 
are performed with respect to the standard 
reference measurement method. Then, using 
the results, a calibration line is prepared for 
the conversion of the measurement signal to 
a concentration. This calibration procedure is 
repeated at least every five years in 
accordance with NEN-EN 14281. (In the 
Dutch legislation such as BEES A and the 
BVA, the frequency of QAL 2 is increased to 
once every three years.) In addition, the 
uncertainties in the measuring results are 
evaluated relative to the required 
measurement uncertainty (precision test). 

QAL 3 describes the continuous quality 
procedures in order to show that the 
automated measurement system operates in 
such a way that it works within the specified 
uncertainty. This is done by periodic zero and 
span checks. These are tests where an inert 
zero gas and a test gas with a known 
concentration are presented and the 
response of the measurement system is 
compared with these control values. The 
results are assessed on the basis of a 
statistical card (e.g. Shewart or CUSUM 
card). Deviations due to drift or reduction in 
precision can, in this way, be detected in 
early stage. 

The AST describes the procedure for the 
annual verification test, which evaluates 
whether the measured values of the 
automated measurement system are still 
within the required uncertainty, as 
demonstrated during the QAL 2 procedure. 
This is done by inspection of the sampling 
system and measuring instrument on, among 
other things, leakage and contamination. This 
inspection is for the time being not seen as 
an activity to which inspection standards in 
the ISO 45000 series apply. In addition, 
parallel measurements take place. The 
results of these measurements are assessed 
on their precision and accuracy. 

In practice, when using NEN-EN 14181, it 
appeared that lack of clarity en bottlenecks 
occurred. That is why the Netherlands 
Practice Guideline has been developed that 
provides support for the introduction of the 
procedures in NEN-EN 14181. The NPR 8114 
is intended to be an informative 
implementation document. When all 
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stakeholders (company, measuring body and 
competent authority) agree, in situations that 
are described in NPR 8114, NEN-EN 14181 
may be deviated from. The important point 
here is that the company aligns this in 
advance with the competent authority. 

Quality assurance of PEMS 

It is required from a PEMS (Predictive 
Emission Monitoring system) that it is 
equivalent to a CEMS (Continuous Emission 
Monitoring system). Demonstration of 
equivalence leads to problems in practice, 
however, because some performance 
characteristics are specific to a CEMS and 
require a different definition for PEMS. 
Examples are cross-sensitivity and 
reproducibility. It is essential that a PEMS 
continuously generates the appropriate 
results within the required confidence 
interval. 

This can be checked using NEN-EN 14181. 
The system in this standard is in principle 
applicable to all measurement systems. This 
means for a PEMS that must be established 
first what the ERPs of an installation are in 
relation to the emission. In QAL 1, the total 
uncertainty must then be calculated on the 
basis of the uncertainty in the measurement 
of the ERPs and that in the established 
relationship. Furthermore, in this calculation, 
the effect of the parameters should be 
estimated that have some influence on the 
emission, but are not included in the PEMS. 
When it is demonstrated that the PEMS can 
meet the specified uncertainty requirement, 
the other quality assurance levels (QAL 2, 
QAL 3 and AST) may be carried out in the 
same way as in a CEMS. This means a three 
to five-yearly calibration (QAL 2), and an 
annual certification test by means of parallel 
measurements in relation to the reference 
measurement method (AST) and a periodic 
verification on proper operation of measuring 
instruments (QAL 3). 

NTA 7379 provides guidelines for the 
preparation of PEMS and the quality 
assurance of the PEMS.  

The NTA makes a distinction between PEMS 
for large and small installations. The method 
of quality assurance for large installations is 
based on NEN-EN 14181. The small 
installations that do not have to meet NEN-
EN 14181 have a lighter regime. 

3.5 Quality assurance in practice  
The use of measurement standards, the 
accreditation of measurement bodies in 
accordance with NEN-EN-ISO/IEC 17025 and 

the quality assurance of automated 
measuring systems in accordance with NEN-
EN 14181 are the preconditions for the 
proper quality of air emission measurements. 
Whether this proper quality is actually 
achieved, however, depends on the 
performance practice. The Accreditation 
Council therefore requires that measurement 
bodies must be able to demonstrate, during 
the accreditation assessment, that they have 
practical experience in performing all tests in 
the scope. 

In addition to standards, the Association 
Quality Air Measurements (VKL) has prepared 
codes of good measurement practice that 
support a practical interpretation of the 
standards described. In consultation with the 
Accreditation Council, these codes have been 
added to the accredited scope of the 
measurement bodies. The standard continues 
to play a leading role, however. The codes 
can be consulted on the website of the VKL. 

The accredited measuring bodies must 
participate in so-called ring tests. The ring 
tests are organized for the Dutch 
measurement bodies by, for example, VITO 
(Flemish Institute for Technical Research) in 
Belgium. During the ring test, a flue gas is 
given under controlled conditions with known 
concentrations of the components to be 
measured. The measurement bodies are 
invited to determine (simultaneously) these 
concentrations and flue gas parameters. 

The monitoring of the accreditation of the 
measuring bodies is performed by the 
Accreditation Council. These periodic reviews 
are, however, announced snapshots. On the 
basis of experience, it has been shown that 
regular monitoring is necessary for the 
realization of continuous quality. In the 
context of emissions trading, the Dutch 
Emissions Authority (NEa) has the role of 
supervisory body on the quality of NOx

measurements.  

In this role, the NEa may, just like other 
competent authorities, also perform 
unannounced monitoring visits. 

An important general consideration in the 
assessment of the measuring results 
concerns the scope (the field of application) 
of the accreditation of the relevant measuring 
body. A report with an accreditation logo 
does not necessarily mean that all 
measurement have been performed under 
the accreditation. An example: 

A measuring body only accredited for O2 and 
NOx measurements may perform BEMS 
measurements on small gas-fired plants in 
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the accreditation, but not on large oil-fired 
plants, because for that, for example, dust 
measurements are also necessary that do not 
fall under the accreditation. 

 

The use of test gas constitutes a part of 
quality assurance  
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4. Competent authority and air 
emission measurements 
 

This Section discusses the various aspects 
that are important for the competent 
authority in the licensing and assessing of air 
emission measurements. § 4.2 Monitoring 
regimes discusses the different monitoring 
types in the permit and the law and 
regulations. § 4.3 Representative operation 
focuses on monitoring of the representative 
operating conditions during measurement. § 
4.4 Measurement requirements in the permit, 
§ 4.5 Measurement plan and § 4.6 Report 
describe the aspects that are of importance 
for inclusion in a permit, measurement plan 
and report. Finally, in § 4.7 Compliance 
assessment is discussed.  

4.1 Introduction 
The emission limit values of stationary 
sources to the air and the associated 
monitoring requirements are included in laws 
and regulations (decrees with associated 
ministerial regulations) and in the 
Netherlands Emission Guidelines for Air 
(NeR). The emission limit values and the 
monitoring requirements in the decrees are 
direct acting. For emission limit values and 
monitoring regimes based on the NeR, the 
competent authority has scope for personal 
decisions and choices, which must then be 
specified in the permit. The relevant decrees 
relating to air emissions are: 

• Decree on Emission limits for 
Combustion Plants A (BEES A) 

• Decree on Emission Limits for Medium-
Sized Combustion Plants (BEMS) 

• Decree on Waste Incineration (BVA) 
• Decree on Trading in Emission Rights 
• Solvents Decree (OMB) 
• Activities Decree 
• Implementing Decree PRTR 

The emission limit values for air emissions 
are usually expressed in time-averaged 
concentration units (mg/mo

3). They are 
defined under standard conditions of pressure 
and temperature and in dry flue gas, making 
them independent of specific operating 
conditions. 

The emission limit values for combustion 
emissions are defined at a reference oxygen 
content. Examples are 11v% for waste 
incineration, 6v% for burning coal and 3v% 
for burning natural gas. The emission limit 
values for gas turbines and piston engines 

are also expressed as relative emission in 
grams per gigajoule. In the context of 
emission trading and E-PRTR, the annual 
loads (t/year) must be reported.  

Before a measured value can be assessed 
against the prescribed emission limit value, it 
must be converted to the same standard 
conditions and unity as the emission limit 
value (see Section 5 Conversion of measuring 
data). In addition to the emission limit value, 
it is established in the decrees or in the 
permit how the specific emission limit values 
must be assessed. The monitoring 
requirements indicate which monitoring type 
and frequency must be used. There are three 
possible monitoring types: 

• Monitoring of emission-relevant 
parameters (ERPs) 

• Periodic measurements 
• Continuous measurements 

The severity of the monitoring requirement 
based on the NeR depends on the 
harmfulness of an emission and the increase 
of an emission as an abatement technique or 
a process-integrated measure fails. For 
decrees such as BEMS, BEES A and BVA, the 
monitoring requirements, are also based on 
the type of installation, capacity and/or fuel, 
in addition to the size and harmfulness of the 
emission. 

In addition to the emission limit values and 
the monitoring thereof, the laws and 
regulations also focus on other aspects of 
measurements that guarantee the reliability 
of the measuring results. These aspects 
relate to the implementation of the 
measurements, for example requirements on 
the measurement location, the use of 
measurement standards, quality assurance of 
the measurement bodies and of automated 
measuring systems. 

4.2 Monitoring regimes 
In addition to the emission limit value, it is 
specified in the decrees or in the permit how 
the given limit value should be monitored. 
The three common monitoring regimes are: 

• Emission-relevant parameters (ERPs) 
• Periodic measurements 
• Continuous measurements 
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In the NeR, the selection of the monitoring 
regime is determined by the ratio between 
the potential increase of the emission upon 
failure of the emission abatement technique 
(the so-called failure emission) and the 
harmfulness of the emission (determined on 
the basis of the classification of the 
component). Thus the NeR distinguishes five 
different monitoring regimes. The associated 
monitoring types range from the use of 
simple ERPs at a low risk, periodic 
measurements with a certain frequency, to 
continuous measurements with a high risk.  

According to the Solvents Decree, periodic or 
continuous measurements must take place 
depending on the size of the treated mass 
flow. For the monitoring regimes, a link is 
made with the NeR methodology. The 
decrees relating to combustion emissions also 
include the use of all three monitoring types. 

4.2.1 Emission-relevant parameters 
(ERPs) 
The emission-relevant parameters are 
regarded as measurable or calculable 
quantities that are in direct or indirect 
relationship with the emission to be 
monitored. These parameters may relate to 
the operation of the emission abatement 
technique or to the emission-determining 
process or flue gas conditions. 

The NeR distinguishes two types of ERPs: 
ERPs that give a quantitative picture of the 
emission and ERPs that give an impression of 
the operation of a technique/process and 
hence give an indication of the emission. 
Category A ERPs give a reliable quantitative 
picture of the emission. After the relationship 
with the emission is well defined, they can 
simplify the measurement of a specific 
component or even entirely replace it. 
Examples of simplified measurements are the 
continuous measurement of “total VOC” in 
the flue gas flow instead of a specific volatile 
organic component, or a continuous dust 
measurement as a good measure for the 
concentration of heavy metals. 

Category B ERPs give the impression of the 
operation of a technique/process and hence 
give an indication of the emission. It 
therefore does not involve the exact 
emission. Examples of such ERPs are the 
continuous monitoring of the temperature of 
an incinerator, the moisture content of a 
compost filter or the pressure drop across a 
dust filter. Category B ERPs should be 
continuously monitored. For a list of category 
A and B ERPs for various processes and 
techniques, refer to Section 3.7 of the NeR. 

The decrees relating to combustion emissions 
also include the possibility to use ERPs. For 
example, in a relatively simple way the 
sulphur content can be measured in the fuel, 
instead of measuring the SO2 concentration 
in the flue gas. BEMS, BEES A and the Decree 
on trading in emission rights also include the 
possibility to perform continuous 
measurements by means of continuous 
measurements of a set of ERPs of a process 
characteristic (PEMS) established for the 
combustion plant. PEMS is mainly used in 
monitoring the NOx emission (see also § 2.4 
Analysis). 

Under the Waste Incineration Decree, the use 
of ERPs or PEMS is not permitted. 

As shown above, the use of ERPs and PEMS 
does not mean that no measurements take 
place. For PEMS, measurements are 
necessary in order to determine the 
relationship between the emission and the 
ERP(s). 

4.2.2 Periodic measurements 
Periodic measurements focus on the 
determination of the concentration in the flue 
gas of a specific component. At the same 
time, however, the required reference 
quantities, such as oxygen content, moisture 
content, temperature and flow rate, must be 
determined. The measurements should be 
performed at representative operating 
conditions (see § 4.3 Representative 
operation). 

A periodic measurement consists of a series 
of sub-measurements. The number of sub-
measurements that is necessary to gain 
sufficient insight into the emission depends 
on the emission pattern. The minimum 
number of sub-measurements is three. The 
sampling duration of sub-measurement is 
generally half an hour. If there are varying 
flue gas rates, the flue gas concentration 
should be determined as flow-rate weighted 
average. 

The measuring results should, after 
conversion to standard conditions and 
reference oxygen content (see § 5 
Conversion of measurement data) be 
calculated as (half) hour averages and then 
registered. 
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4.2.3 Continuous measurements 
The continuous measurements focus on the 
continuous determination of the 
concentration or load in the flue gas of a 
specific component. Again, here too, all 
relevant gas parameters must be measured 
continuously. 

The measuring results are verified based on 
the actual time that the installation is in use. 
It is therefore important that periods of 
startup and shutdown and other periods with 
exceptional operation (e.g. during disruptions 
in the emission abatement technique) are 
recorded. Incidentally, some of these periods 
are related to legal limits. 

The measuring results must be recorded 
continuously. The NeR states that for each 
successive half hour the half-hour average 
concentration must be determined. After 
conversion of the measuring data, they must 
be classified in at least 20 classes and stored 
as frequency distribution. The decrees 
regarding combustion emissions have 
different averaging periods (e.g. (half) hour, 
day or 48 hour averages and calendar month 
averages). After conversion of these 
averages, they should be classified by classes 
and recorded per calendar year as percentile 
values. 

4.3 Representative operation 
The measurements are performed in typical 
operation associated with the highest 
emissions. This usually means while utilizing 
the maximum capacity of the plant. It is not 
the intention that measurements are taken in 
failure situations, or in the commissioning of 
all arranged installations if this normally does 
not occur. Periods in which no emission takes 
place as a result of stoppage of the process 
or other specific operating conditions should 
not be taken into consideration when 
sampling. 

The legislator in some cases offers leeway to 
deviate from the maximum capacity. Boiler 
installations may be measured, for example, 
at 60% of the load. This leeway is offered, 
because it is not always possible to make 
useful use of all generated steam under full 
load. 

During the execution of the measurements 
mentioned in the example above, it is 
relatively easy, on the basis of steam 
production or fuel consumption, to determine 
whether the 60% requirement is satisfied. In 
many cases, however, it is more complicated 
to deduce from operating parameters 
whether the emission measurements are 

carried out during representative operation. 
In general it is useful to compare the 
operation during the measurements with the 
previous weeks or months. For this, for 
example, the throughput of (by) products 
may be used. The boxes below present some 
specific examples in greater detail. 

Tumble dryers for drying products 

The measurements performed on drying 
facilities for the drying of products should 
take place at a representative load. The 
product capacity is expressed in the mass of 
water that can be evaporated per unit of 
time. On the basis of flow measurements and 
a water determination it can be estimated 
that the capacity of the plant can be fully 
exploited during the measurements. This can 
also be derived from the following 
parameters: 

• Dryer inlet temperature 
• Dryer outlet temperature 
• Fuel consumption 

It is recommended that during the 
measurements the settings of the above-
mentioned parameters are compared with 
those of the day(s) before the 
measurements. 

Gas engines and diesel engines 

In piston engines, usually the NOx emission 
of an installation increases with the efficiency 
of the engine. This efficiency can be affected 
in different ways. For example, the injection 
moment in large diesel engines is often 
adjustable, and in gas engines the ignition 
moment and the fuel-air ratio can, inter alia, 
be varied. The above-mentioned settings 
must correspond during the emission 
measurement to the settings in normal 
operation and may not be adjusted during 
maintenance without re-measurements being 
carried out. 
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Dust separators and wet scrubbers   

In nearly all emission abatement techniques, 
such as dust collectors and wet scrubbers, 
the deciding factor is dependent on and 
proportional to the concentrations in the inlet 
(untreated) gas flow. The pre-load must 
therefore correspond during the 
measurements to the pre-load that can occur 
during normal operation. 

Examples of specific processes: 

• Batch processes: the sampling period 
should be commensurate with the period 
over which a batch is executed. 

• Fly ash processing in the production of 
asphalt concrete: in these installations the 
processing of fly ash must be demonstrated 
during the measurement. 

• Scrubbing is often done with diluted lye, 
peroxide or acid solutions. On the basis of 
monitoring of purchase invoices, for 
example, it may be deduced whether the 
necessary chemicals are purchased 
regularly. Analysis of the concentration of 
reagent of a sample of scrubbing liquid may 
be indicative for the operations. 

Incinerators 

In thermal incinerators, outlet temperature, 
bed temperature and switchover times in 
regenerative incinerators can, in addition to 
fuel consumption, serve as indicators for 
proper operation. In the determination of 
normal operation, it is important to record 
these quantities during the measurements 
and to check them whether they correspond 
to the historical data. Dilution with air in 
order to meet an emission limit value is 
difficult or impossible to establish for 
incinerators on the basis of oxygen 
concentration. This is because the oxygen 
content is usually close to 20% by volume. 

4.4 Measurement requirements in 
the permit 
Based on the results of the measurements, 
the competent authority assesses whether 
the emission limit values are met. The 
measuring results must therefore be reliable. 
To achieve this, a number of aspects are 
important in carrying out the measurements. 
These aspects are further explained in this 
section. 

To the extent that these aspects are not 
regulated in the decrees, the competent 
authority may lay it down in the permit. Here 
the competent authority may, in simple 

situations, may use the digital tool 
“Monitoring requirements in the permit” of 
Section 3.7 of the NeR. Another possibility is 
that these aspects are elaborated in a control 
plan by the company, possibly in consultation 
with a measurement expert; the plan must 
be approved by the competent authority. The 
company is responsible for carrying out the 
measurements in accordance with the rules in 
the decree, the permit or in accordance with 
the control plan. 

• Measurement plan 

Before the measurements are carried out, a 
measurement plan must be drawn up. NEN-
EN 15259 specifies which aspects of the 
implementation of the measurements a 
measurement plan should contain. The 
permit may include that the measurement 
plan (which may be part of the tender or 
quotation request) should be offered for 
approval to the competent authority and that 
the measurements should be announced, so 
that supervision on the spot is possible. 

• Measurement site 

The installations must be provided with such 
facilities that performing the measurements 
can occur in a responsible way. This concerns 
both the location (location of the measuring 
plane in the flue gas channel) and the 
accessibility of the measuring points (load 
capacity and work surface of the measuring 
platform, safety) and the necessary facilities 
(power connection, parking space for the 
measurement vehicle). The requirements and 
recommendations with respect to the 
measuring site are included in NEN-EN 15259 
and must be taken into consideration during 
the design phase of the installation. 

• Measurement methods 

For carrying out the measurements, the 
company (or the measuring body) should use 
standardized measurement methods. 
Standardized measurement methods are 
defined in measurement standards. The 
competent authority should require the use of 
a particular measurement in the permit. One 
point for attention is the use of the latest 
version of the measurement standards. The 
permit may include the standard actual at the 
time plus the year of issue, adding that the 
most recent measurement standards should 
be used. The use of standardized 
measurement methods may be deviated from 
if it is demonstrated that the applicable 
measurement method leads to similar results 
as the standardized measurement method. 
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• Determining the reference quantities 

The competent authority must include a 
provision in the permit stating that the 
measuring results should also be presented 
as expressed in standard conditions. For the 
conversion of the measuring results to 
standard conditions, certain reference 
quantities (temperature, pressure, moisture 
and/or oxygen content) must be known, 
depending on the measurement method. 

• Quality assurance measuring body 

Measurements in the context of enforcement 
should not in principle be carried out by the 
company concerned, unless the company has 
an accredited (and hence independent) 
measurement service. In addition, these 
measurements may be carried out by an 
external body accredited to do so. In EU 
legislation, accreditation (or working 
according to CEN standards of independence 
and competence) is compulsory. 

• Operating conditions 

The measurements must be carried out in 
typical operating conditions with the highest 
emission. The competent authority should 
include this as a requirement in the permit. 

• Quality assurance automated 
measuring system 

Continuous measurement systems must be 
calibrated upon commissioning and checked 
for efficient operation. The calibration takes 
place by comparison with the reference 
method. EU legislation requires an annual 
verification test and calibration at least every 
five years compared to the reference method. 

• Measurement uncertainty 

The size of the measurement uncertainty can 
be derived from the relevant measurement 
standard and can be estimated by the 
measuring body that performs the 
measurement. In the permit, the competent 
authority may specify that the company (or 
the measuring body) must determine the 
measurement uncertainty of the 
measurement. The value of the measurement 
uncertainty of a certain measuring result is 
important for the compliance assessment 
(see § 4.7 Compliance assessment) and must 
therefore be reported in a clear manner. 

• Reporting and storage of measuring 
results 

If it is not clearly indicated in the legislation 
how and within what period the measuring 

data must be made available to the 
competent authority, it must be specified in 
the permit. The report must contain all 
information necessary for the interpretation 
of the results. In the report on periodic 
measurements, it is important to specify that 
the measurements have been performed 
under normal operating conditions with the 
highest emission. The competent authority 
must include in the permit that the company 
should store the report on the measuring 
results for 5 years. For installations where 
only a single measurement takes place, the 
measuring results must be stored during the 
further life of the installation. 

Example of measurement requirements 
in the permit 

Included in the permit are that: 

• the periodic measurements must be 
carried out as soon as possible, but 
no later than 6 months after the 
emission limit comes into force; 

• the performing of the measurements 
must be reported to the competent 
authority at least 2 weeks prior to the 
date of implementation; 

• the measurement site is arranged in 
accordance with NEN-EN 15259, 
which is elaborated in a monitoring 
plan; 

• the periodic measurements are 
performed in accordance with NEN-
EN 13284-1 by a measuring body 
with an accreditation for dust 
measurements; 

• the operating conditions during the 
measurement are specified by the 
company in a monitoring plan; 

• the number of sub-measurements 
and sampling duration for a reliable 
measurement are specified by the 
company in a monitoring plan; 

• the measurement uncertainty of the 
measurement is determined by the 
measuring body with a maximum of 
30% of the emission limit value; 

• the results of the periodic 
measurements, converted to 
standard conditions, are reported in a 
clear manner and stored at the 
installation until the next periodic 
measurement. 

4.5 Measurement plan 
Before the measurements are performed, it is 
important to determine what the purpose of 
the measurement is. The measurement 
objective is formulated by the client 
(company and/or competent authority) and 
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elaborated by the measuring body in a 
measurement plan. NEN-EN 15259 prescribes 
what information must be included in the 
measurement plan. 

In Dutch practice, the measurement plan is 
usually a part of the offer and often cannot 
contain all details specified in the standard. 
Data such as the date of the measurements 
or staff that will perform the measurements 
are mentioned later in the measurement file 
and the measurement report.  

That does not mean that these aspects 
should be neglected in the planning. In 
carrying out the measurements, qualified 
staff must be present and the data of the 
measurements should be such that 
representative operating conditions, 
measurement infrastructure and staff are 
present. 

It is recommended to align the measurement 
plan with the competent authority and to 
report the date on which the measurements 
are carried out to the competent authority, 
even though the regulations do not make it 
compulsory. 

The specifics of the measurement plan are 
subject to the requirements imposed by the 
permit and/or relevant regulations. According 
to the standard, the measurement plan 
should describe the following aspects: 

• Measurement objective and scope of the 
measurement 

• Measurement site 
• Operating conditions under which the 

measurements are carried out and why 
the conditions are representative for the 
operating conditions 

• Components and reference parameters to 
be measured and expected values 

• Measurement method or reference to the 
relevant standard 

• Sampling method 
• Number of partial measurements 
• Time and duration of measurements 
• Accreditation of measuring body 
• Arrangements concerning reporting 

4.6 Report 
In general, the results of measurements must 
be reported carefully, clearly and objectively, 
and in accordance any specific instructions in 
the method used. All information required by 
the customer must be included, as well as 
information necessary for the interpretation 
of the results. In addition to a clear 
presentation of the measurement results, the 
report should also contain relevant 
background information on the installation 

that is being measured, on the method used 
and measuring equipment and on the quality 
assurance aspects. It is also important that 
the report discusses the operating conditions 
during the measurement in order to be able 
to assess the representativeness of the 
measurements. The deviations from the 
standards used must be motivated in the 
measurement report and an explanation 
given of their possible influence on the 
results. 

The requirements on the content of the 
measurement report are included in NEN-EN 
15259 supplemented with the component-
specific aspects as set out in the relevant 
standards. On this basis, a document is 
drawn up by the Platform Quality Air 
Measurements in which the content of a 
report is further elaborated in a standard 
format. 

According to NEN-EN 15259, the report 
contains at least the following information: 

• Summary of data on the installation, 
measuring body, measurement 
objective, measured components, date 
of measurement, used measurement 
methods, deviations from the 
measurement plan, measurement 
results. 

• Project description in which the 
measurement objective is specified. 

• Process description, which fuels and 
raw materials are being used. 

• Description of measurement site. 
• Measurement plane assessment. 
• Identification of measurement methods 

and equipment according to individual 
standards. 

• Operating conditions during 
measurement including data on 
fuel/raw materials and emission 
abatement technique. 

• Measurement results and other relevant 
data necessary for the interpretation of 
results and control calculations. 

• Calculation procedures. 
• Presentation of the results. 

The reporting of monitoring of an emission 
abatement technique using an ERP must at 
least contain a description of the relevant ERP 
and the periods that the emission abatement 
technique was or was not in operation. 

In reporting on periodic measurements, it is 
important that the measurements have been 
carried out at representative operating 
conditions. This requires that data on the 
date and time of the implementation of the 
measurement must be provided, as well as 
relevant data on the operating conditions 
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from which the representativeness can be 
derived (for this also see § 4.3 
Representative operation). The report should 
contain a motivation for the choice of the 
specific sampling method and the results of 
all sub-measurements must be presented in a 
clear way.  

For the purpose of assessment the 
conversion of the measurement data, it is 
recommended that the primary measurement 
data and data on the flue gas volume, the 
oxygen content, moisture content, 
temperature, pressure and flow rate should 
also be included (including reports of 
underlying analyses). 

In the report on continuous measurements, it 
is important that periods of startup and 
shutdown and other periods of non-normal 
operating conditions are identified. For, based 
on this information the relevant number of 
actual operating hours of the installation is 
determined for the compliance assessment. If 
use is made of a PEMS, the report must 
contain a motivation and description of the 
used emission-relevant parameter(s), 
including calibration curve, discharge 
characteristic or other information 
unambiguously establishing the connection 
between the ERPs and the emission to be 
determined.  

At a large series of observations, such as in 
continuous measurements, it is important to 
have a clear presentation of the 
measurement data. This can be done by a 
classification into classes and a presentation 
as frequency distribution. On the basis of the 
net number of operating hours and 
requirements on the averaging time of the 
measurements, the total number of 
observations a year will be obtained. In 
combination with the percentile value, this 
gives the number of observations that may 
annually exceed the emission limit value. This 
should be reported together with the number 
of actual exceedances.  

4.7 Compliance assessment 
In assessing that measurement data meets 
the prescribed emission limit values, a 
distinction is made between the assessment 
of periodic measurements and the 
assessment of continuous measurements. 
Prior to the assessment, the uncertainty of 
the method is subtracted from the 
measurement results. In this way, the 
measurement uncertainty is explained in 
favour of the licensee (see § 3.2.3 
Measurement uncertainty). 

4.7.1 Assessment of periodic 
measurements 
The compliance assessment of periodic 
measurements has been elaborated in 
different ways in laws and regulations. 

The NeR states that the results of periodic 
measurements must be averaged. A periodic 
measurement consists standard of three sub-
measurements. The average is considered 
the result of the periodic measurements. The 
result of the periodic measurements after the 
measurement uncertainty has been 
subtracted must then be lower than the 
emission limit value. Since the measurement 
uncertainty decreases upon an increase of 
the number of sub measurements, the 
average measurement result, at a series of n 
sub-measurements, must be decreased with 
the value of the total measurement 
uncertainty divided by √n. 

For periodic measurements, the Solvents 
Decree states, the same as the NeR, that the 
average of all measurements should be lower 
than the emission limit value. The decree 
has, however, as additional requirement, that 
all hourly averaged values should be less 
than 1.5 times the emission limit value. 

The decrees regarding combustion emissions 
are stricter, because none of the 
measurement results that are part of an 
periodic measurement may, after subtraction 
of the measurement uncertainty, exceed the 
emission limit value. However, there is the 
possibility (upon exceedance of the emission 
limit value by a sub- measurement) to as yet 
determine on the basis of a series of further 
measurements whether the emission limit 
value has been complied with. 

4.7.2 Assessment of continuous 
measurements 
There is a wide variety of assessment criteria 
for continuous measurements in the laws and 
regulations. This is caused by variations in 
the prescribed averaging time (varying from 
a half hour to a month), percentile values 
(from 95 to 100%) and multiplication factors 
for the emission limit value (between 1 and 
2). As described above, the assessment of 
continuous measurements relates to periods 
of normal operation (incidentally, in the BVA 
startup and shutdown fall under normal 
operation). 

For continuous measurements, the results of 
measurements are also assessed after the 
measurement uncertainty has been 
subtracted from the emission limit value. 
Here the total measurement uncertainty is 
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used; this therefore does not have to be 
divided by √n. 

Below there is an example for the sake of 
clarification, in which according to the BVA an 
emission limit value for SO2 is imposed with a 
monitoring by means of continuous 
measurement. The BVA prescribes the 
following assessment criteria: 

• Each of the daily average concentrations 
may not exceed the emission limit value 
of 50 mg/mo

3;
• 100% of the half-hourly average 

concentrations may not exceed the 
emission limit value of 200 mg/mo

3 or 
• 97% of the half-hourly average 

concentrations may not exceed the 
emission limit value of 50 mg/mo

3.

Measured daily average 
values (mg/mo

3) 
Number Number cumulative 

>45 0 0 

40-45   2 2 

35-40 15 17 

30-35 64 81 

25-30 136 217 

20-25 90 307 

15-20 10 317 

<10 0 317 

Measured half-hourly 
average values (mg/mo

3) 
Number Number cumulative 

>100 0 0 

80-100 1 1 

70-80 4 5 

60-70 28 33 

50-60 177 210 

40-50 1007 1217 

30-40 4158 5375 

20-30 7690 13065 

10-20 2152 15217 

<10 3 15220 
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BVA assessment criteria: 

Daily average       50 mg/mo
3

100% of half-hourly values     200 mg/mo
3

97% percentile half-hourly values    50 mg/mo
3

Hours breakdown      50 

Hours not in operation      500 

Hours not in  normal operation     600 

Valid half-hourly values     15220 

Number of exceedances of 50 as daily average  0

Max. permissible number of exceedances   0 

Number of exceedances of 200 as half-hourly values  0 

Max. permissible number of exceedances   0 

Number of exceedances of 200 as half-hourly values  177 

Max. permissible number of exceedances   456 (3% 15220) 

BVA emission limit value complied with? Yes 

In this example no account has been taken of the measurement uncertainty. 
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5. Conversion of measurement data 
The emission limit values in laws and regulations are defined in the standard conditions, whereby 
they are generic and independent of specific operating conditions. Before a measurement can be 
assessed against the prescribed emission limit value, it must therefore be converted to the same 
standard conditions and unit as the emission limti value.  

Depending on the measurement concept, this means the carrying out of one or more of the 
following corrections in order to achieve a standardized measurement concentration Cs.

• in dry flue gas; 
• at standard pressure (101.3 kPa) and temperature (273 K); 
• at standard oxygen concentration; 
• expressed in mg/m3

0 (mg/Nm3). 

 

Conversion to dry flue gas 

The emission limit values relate to dry air or dry flue gas. When the concentration measurement in 
wet flue gas has been carried out, i.e. without flue gas cooler or dryer, the measured value should 
be corrected for the volume proportion of water vapour in the flue gas. 

 

Correction for moisture content 

w
m C−

×=
100

100CC

where: 

C concentration in dry flue gas 

Cm concentration measured in wet flue gas 

Cw water vapour content (volume%) of wet flue gas 

Conversion to standard pressure and temperature 

The emission limit values are specified at 101.3 kPa and 273 K. The measurement value must be 
converted to this standard pressure and temperature. When in-situ automated measuring systems 
are fitted with a pressure and temperature measurement, so that the correction takes place 
internally, this conversion is not required. Also in extractive measuring systems, this correction is 
not required, because the measuring instruments with test gases are adjusted to the same 

environmental conditions as at which the measurements are carried out.
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Correction for pressure and temperature 

P
T

m
3,101

273
CC ××=

where: 

C concentration at standard pressure and temperature  

Cm concentration measured at the actual pressure and temperature 

T actual flue gas temperature [K] 

P actual absolute flue gas pressure [kPa] 

Conversion to standard oxygen concentration 

To prevent that flue gases from combustion processes are diluted with clean air in order to meet 
the emission limit values, limits for combustion processes are specified in a standard oxygen 
content. The measured concentration must be converted to the same oxygen percentage. For 
emissions from flue gases with high oxygen content, such as extractions from processes and 
catalytic incinerators, it is impossible to correct for dilution with air on the basis of the oxygen 
content. The emission limit values are given at the actual oxygen concentration and a visual 
assessment should be carried out on the adding of air. 

Correction for the oxygen concentration  

m

s
m O

O
CC

−
−

×=
21
21

 

where: 

C concentration relative to a standard oxygen concentration in dry flue gas 

Cm concentration at the actual oxygen concentration in dry flue gas 

Os oxygen concentration [volume% v%] based on dry flue gas to which conversion should take 
place; examples 11v% for waste incineration, 6v% for  burning coal and 3v% for burning  natural 
gas 

Om actual oxygen concentration in volume% based on dry flue gas that has been established at the 
same time and at the same place in the installation as where Cm has been measured. C m and R m
must be averaged over the same time interval. 

21 oxygen concentration in dry air. The theoretical value is 20.94, in the regulations (e.g. 
emissions trading or BVA) the rounded-off concentration of 21 is required. 
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Conversion of ppm to mg/m0
3

Emission limit values are expressed in mg/m0
3. In many measuring instruments, the measured 

concentrations are expressed in ppm and a conversion from ppm to mg/m0
3 must take place. 

Conversion of ppm to mg/m0
3

vCMC ×=
4,22

where: 

C concentration at standard pressure and temperature [mg/ m0
3] in dry flue gas 

M molecular mass of the respective component* [g/mol] 

C v concentration [ppm] 

22.4 molar volume [l/mol] of an ideal gas at 273 K and 101.3 kPa 

* For NOx, it is assumed that the share of NO in the atmosphere is converted into NO2. For 
conversion of the nitrogen oxides concentration, the molecular mass of NO2, i.e. 46 g/mol, is 
therefore used. 

Conversion to grams/GJ and g/kWh 

For gas turbines and piston engines, the emission limit value is usually given in grams NOx per 
gigajoule. The energy consumption of the installation per unit of time is determined by the calorific 
value of the fuel and the fuel consumption. From the calculated or measured flue gas mass flow 
and the concentration of NOx in the flue gases, the mass emissions NOx per unit of time can be 
calculated. Because both energy consumption and the flue gas flow rate will depend on the fuel 
consumption, relative emission in gram of NOx/GJ is directly proportional to the emission expressed 
in mg/m3.

Relative emission in grams per gigajoule and in grams per kilowatt 

m

st
mrel

OH
VCE

−
××=

21
21

 

For most fuels, the conversion factor is approximately 0.25 * (21 / (21 – Om). To convert g/GJ to 
g/kWh, the factor of 0.0036 should be used (Erelx 0.0036). 

where: 

Erel relative emissions [g/GJ] 

Cm concentration [mg/mo
3] in dry flue gas at the actual oxygen concentration 

Vst stoichiometric dry flue gas volume, solid or liquid fuels [mo
3/kg], gaseous fuels [mo

3/mo
3]

To determine vst, see below in box flow rate calculation 

H lower heating value (heating value) of the fuel [MJ/ unit of fuel quantity] 

Om actual oxygen concentration [volume%] based on dry flue gas 

21 oxygen concentration in dry air 
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Conversion to ISO conditions 

The NOx emissions from gas turbines and piston engines is dependent on the combustion air 
conditions. Therefore, the measured emissions for compliance assessment have to be first 
calculated back to ISO-air conditions. These are a temperature of 288 K, a pressure of 101.3 kPa 
and a relative humidity of 60%. 

 

Conversion of emission at actual combustion air conditions to ISO conditions 

( )0063,019
53,1

288
3,101 −

−

×





××= nxm

m
m e

T
P

EE

where: 

E nitrogen oxides emissions converted to ISO conditions [g/GJ respectively mg/m0
3]

Em measured nitrogen oxides emissions [g/GJ respectively mg/m0
3]

Pm measured atmospheric pressure (absolute) 

Tm inlet air temperature (K) 

Xn measured moisture content of inlet air (kg water per kg) 

Correction and calculation of flow rate 

To calculate load, the flow rate (in m0
3/h) must be known. Flow rate can be measured or calculated 

based on fuel consumption. If flow rate is measured, the measured value has to be converted to a 
standard flow rate. This means that correction must take place for moisture content, pressure, 
temperature and oxygen concentration. 

 

Correction of measured flow rate value for moisture content, pressure, temperature and 
oxygen concentration  

s

mw
s O

OP
T

C
OppvF

−
−

×××
−

×××=
21
21

3,101
273

100
100

3600  

where: 

Fs standardized flow [mo
3/h] of dry flue gas at standard oxygen concentration 

v flue gas velocity [m/s] 

Opp flue gas channel surface [m2]

Cw water content [vol%] of the wet flue gas 

T actual flue gas temperature [K] 

P actual absolute flue gas pressure P [kPa] 

Os oxygen concentration [volume%; v%] based on dry flue gas to which conversion should take 
place; examples 11v% for waste incineration, 6v% for burning  coal and 3v% for burning natural 
gas 
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Om the actual oxygen concentration in volume% based on dry flue gas that has been established at 
the same time and at the same place in the installation as where Cm has been measured. Cm and R 
m must be  averaged over the same time interval 

21 concentration of oxygen in dry air 

Calculation of standardized flow rate on the basis of the fuel consumption  

s
stbrs O
VFF

−
××=

21
21

 

where: 

Fs standardized flow [mo
3/h] of dry flue gas at standard oxygen concentration 

Fbr fuel consumption; solid or liquid fuel [kg/h], gaseous fuels [mo
3/u] 

Os oxygen concentration [volume%; v%] based on dry flue gas to which conversion should take 
place; examples 11v% for waste incineration, 6v% for burning coal and 3v% for burning natural 
gas 

21 concentration of oxygen in dry air 

Vst stoichiometric dry flue gas volume; solid or liquid fuels [mo
3/kg], gaseous fuels [mo

3/mo
3]

Determination Vst:

The stoichiometric dry flue gas volume is the dry flue gas volume that occurs at full combustion 
with air without excess air. The stoichiometric dry waste gas volume is determined from the fuel 
composition (the proportion of C, H and O). By assuming complete combustion, together with the 
minimum air requirement the total flue gas volume can be calculated as the sum of the shares of 
CO2, H2O and N2.

Also, for fossil fuels based on the formulas given below (estimated 5% uncertainty) the 
stoichiometric flue gas volume can be estimated from the heating value (H). These formulas are 
derived from the already withdrawn DIN 1942. The formulas in the actually applicable NEN-EN 
12952-15 require more input data, such as the ash content and moisture content of solid fuels and 
the density of gaseous fuels. 

Gaseous fuels:  
Fst = 0.199 + 0.234 x H (H in MJ/mo

3)

Solid fuels: 
Fst = 0.450 + 0.239 x H (H in MJ/kg) 

Liquid fuels:  
Fst = 0.929 + 0.221 x H (H in MJ/kg) 



Manual Measurement of Air Emissions- InfoMil -June 2012 

 39

Calculation of the load 

Based on the Dutch laws and regulations, load or annual load must be determined in various 
situations. From the NeR and Activities Decree, for example, a so-called mass flow limit (load 
expressed in grams per hour) should be determined to assess whether an emission limit value is 
applicable to the installation concerned. From the perspective of trading and E-PRTR, the annual 
load must be reported of certain installations. The load can be calculated from concentration and 
flow rate or based on relative emission and fuel consumption. 

 

Calculation of the load on the basis of flow rate  

s
6

s F10CE ××= −

where: 

E emission load [kg/h] 

Cs standardized concentration [mg/mo
3] in dry flue gas at standard oxygen concentration 

Fs standardized flow [mo
3/h] of dry flue gas at standard oxygen concentration 

For the calculation of the annual load, the emission load in kg/h must be multiplied by the number 
of operating hours per year. In many situations, the annual load is calculated on the basis of a 
periodic measurement. If the concentration is measured continuously, (half) hourly average values 
are usually obtained. If the flow rate is also determined as a (semi) hourly average value, for 
example, by means of direct measurement or calculation from fuel consumption, every (half) hour 
a load can be calculated. The annual load is then calculated by summation of the (semi) hourly 
loads. Longer averaging periods or different averaging periods for the concentration and flow rate 
can lead to significant systematic errors in the calculated annual load. 

Calculation of the load on the basis of fuel 

610
HFEE brel ××=

where: 

E annual load [kg/hr]  

Erel relative emissions [g/GJ] 

Fb fuel consumption[mo
3/h respectively kg/hr] 

Consumption of gaseous fuels is expressed in mo
3/h, consumption of solid or liquid fuels in kg/hr]

H heating value of the fuel [MJ/mo
3 respectively MJ/kg] 
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Annex 1: Flow chart air emission measurements 

In the flow chart, the essential aspects of air emission measurements are shown schematically with 
reference to the section where they are explained. 

 



Manual Measurement of Air Emissions- InfoMil -June 2012 

 41

Annex 2: Overview of contacts 

Accreditation Council (RvA) 

www.rva.nl

Netherlands Standardisation Institute (NEN) 

www.nen.nl

Comité Européen de Normalisation (CEN) 

www.cenorm.be

International Organization for Standardization (ISO) 

www.iso.org

Foundation Certification of Inspection and Maintenance of Combustion Installations (SCIOS) 

www.scios.nl

Dutch Emissions Authority (NEA) 

www.emissieautoriteit.nl

Platform Quality Air Measurements (PKL) 

www.infomil.nl/onderwerpen/klimaat-lucht/meten-luchtemissies/platform-kwaliteit

Association Quality Air Measurements (VKL) 

www.vklonline.nl

Flemish Institute for Technological Research (VITO) 

www.vito.be


