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PREFACE 
 

The European Commission decided in 2012 to develop a JRC Reference Report on Monitoring 

(ROM) under the Industrial Emissions Directive (IED) [ 24, EU 2010 ]. The ROM is based on 

the revision of the reference document on the General Principles of Monitoring (MON REF [ 3, 

COM 2003 ]), which was adopted by the Commission in July 2003 under the IPPC Directive 

(96/61/EC) (subsequently repealed and replaced by Directive 2008/1/EC).  

 

The ROM replaces the MON REF, although it does not cover all of its topics, in particular 

compliance assessment. 

 

The ROM summarises general and commonly available information collected by the European 

IPPC Bureau from various sources, such as international and national standards, as well as 

scientific publications. Some Member States also provided special contributions summarising 

their monitoring practices. All the information gathered, unless protected by copyright law, was 

made available to a Monitoring Expert Group (MEG), which carried out an exchange of views. 

All contributions are gratefully acknowledged. 

 

The ROM does not interpret the IED [ 24, EU 2010 ]. According to Article 16(1) of the IED, 

monitoring requirements in permits shall be based on the conclusions on monitoring as 

described in the BAT conclusions. In this framework, the ROM can act as a reference to 

enhance the consistent application of the BAT conclusions and the Directive by providing 

additional guidance on monitoring standards, strategies and practices. 

 

This document aims to inform those involved in implementing the Directive about the general 

aspects of emission monitoring, and it also brings together information on monitoring that may 

be of use in the drawing up or review of BREFs and their BAT conclusions. 

 

Since monitoring practices change over time, this document will be reviewed and updated as 

appropriate. All comments and suggestions should be made to the European IPPC Bureau at the 

following address: 

 

 

European Commission 

Joint Research Centre 

Directorate B: Growth and Innovation 

Circular Economy and Industrial Leadership Unit 

European IPPC Bureau 

Edificio Expo 

c/ Inca Garcilaso, 3 

E-41092 Seville, Spain 

Telephone: +34 95 4488 284 

Fax: +34 95 4488 426 

E-mail: jrc-b5-eippcb@ec.europa.eu 

Internet: http://eippcb.jrc.ec.europa.eu 

 

 

mailto:jrc-b5-eippcb@ec.europa.eu
http://eippcb.jrc.ec.europa.eu/
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Chapter 1 

Monitoring of Emissions to Air and Water from IED Installations  1 

1 INTRODUCTION 
 

The monitoring of emissions to air and water represents an important element in preventing and 

reducing pollution from industrial installations and in ensuring a high level of protection of the 

environment taken as a whole. Therefore, the Industrial Emissions Directive (IED)  

[ 24, EU 2010 ] addresses the monitoring of emissions in a number of instances, including the 

following: 

 

¶ BAT conclusions contain the emission levels associated with the best available 

techniques (BAT) and the associated monitoring (IED Article 3(12)). 

¶ The exchange of information on BAT for the drawing up and review of BREFs shall 

address the techniques used and the associated monitoring (IED Article 13(2)(b)). 

¶ Permits shall contain suitable emission monitoring requirements (IED Article 14(1)(c) 

and (d)). 

¶ Monitoring requirements in permits shall, where applicable, be based on the 

conclusions on monitoring as described in the BAT conclusions (IED Article 16(1)). 

¶ The competent authority shall make publicly available the results of emission 

monitoring as required under the permit conditions and held by the competent authority 

(IED Article 24(3)(b)). 

 

This JRC Reference Report on Monitoring (ROM) summarises information on the monitoring 

of emissions to air and water from IED installations, thereby providing practical guidance for 

the application of the BAT conclusions on monitoring in order to help competent authorities to 

define monitoring requirements in the permits of IED installations. Moreover, the information 

and recommendations provided by this document may help the Technical Working Groups 

(TWGs) to derive BAT conclusions during the drawing up and review of BREFs. 
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2 AIM AND SCOPE  
 

The aim of this JRC Reference Report on Monitoring (ROM) is twofold: 

 

¶ to inform competent authorities and operators of the general aspects of the monitoring 

of emissions to air and water from installations under the scope of the IED; 

¶ to bring together information on monitoring of emissions that may be of use to TWG 

members including the European IPPC Bureau when working on BREFs and their BAT 

conclusions. 

 

In particular, this document covers topics which are related to the monitoring of emissions in 

connection with Articles 14(1)(c) and 16 of the IED. 

 

This document addresses general principles and other relevant aspects concerning the 

monitoring of emissions and associated parameters that are the basis for deciding on the 

monitoring approach and frequency, as well as on the gathering, treatment and reporting of 

monitoring data. This document aims to promote the accuracy, reliability, representativeness 

and comparability of monitoring data from industrial installations.  

 

This document covers the following topics: 

 

¶ general aspects of monitoring such as:  

o monitoring objectives; 

o monitoring approaches including direct measurements and indirect methods; 

o quality assurance, including personnel and laboratory qualifications, use of EN, 

ISO and other standards, as well as measurement uncertainty; 

o monitoring approaches for other than normal operating conditions; 

¶ monitoring of emissions to air (including odours, diffuse and fugitive emissions, 

biomonitoring) and water (including toxicity tests), covering: 

o measurement planning; 

o measurement frequency; 

o continuous and periodic measurement methods; 

o measurement, expression and documentation of peripheral parameters/reference 

quantities; 

o data treatment; 

o reporting; 

o costs of monitoring; 

o monitoring using indirect methods such as surrogate parameters, mass balances and 

Predictive Emission Monitoring Systems (PEMS). 

 

The following topics are not covered by this document: 

 

¶ Process monitoring: Monitoring of process parameters to control the production 

process. If deemed relevant, this is covered by sectoral BREFs. 

¶ Monitoring of waste, except waste water and waste gas. 

¶ Detailed information on monitoring methods. 

¶ Monitoring considerations for specific industrial sectors: Industry-specific aspects are 

covered by sectoral BREFs, if deemed relevant. 

¶ Monitoring of greenhouse gases under the EU Emissions Trading System: This is 

covered by Commission Regulation (EU) No 601/2012 on the monitoring and reporting 

of greenhouse gas emissions pursuant to Directive 2003/87/EC of the European 

Parliament and of the Council [ 130, EU 2012 ]. 

¶ Reporting according to the European Pollutant Release and Transfer Register 

(E-PRTR): This is covered by the Guidance Document for the implementation of the 

European PRTR [ 131, COM 2006 ]. 

¶ Monitoring of consumption (e.g. of energy, water or raw materials). 
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¶ Monitoring of the environmental quality, such as ambient air or surface water quality. 

¶ Inspection of installations. 

¶ Assessing compliance with emission limit values (ELVs). 
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3 GENERAL ASPECTS OF MONITORING 
 

3.1 Definitions 
 

Monitoring in this document means a systematic surveillance of the variations of a certain 

chemical or physical characteristic of an emission. Monitoring is based on repeated 

measurements or observations, at an appropriate frequency in accordance with documented and 

agreed procedures, to obtain the intended information on emissions. This information may range 

from simple visual observations (e.g. visible emissions to air from doors, flanges or valves, or 

the alteration of the colour of a discharge) to precise numerical data (e.g. concentration or load 

of a pollutant). 

 

Monitoring does not necessarily mean measurement even though the terms are often 

interchanged in common usage. In this document they have the following meanings:  

 

¶ Measuring involves a set of operations to determine the value of a quantity and 

therefore implies that an individual quantitative result is obtained. 

¶ Monitoring can include the measurement of the value of a particular parameter and also 

the follow-up of variations in its value (so as to allow the true value of the parameter to 

be controlled within a required range). Occasionally, monitoring may refer to the simple 

surveillance of a qualitative parameter without numerical values, i.e. without measuring. 

Monitoring can also consist of a combination of measurements and calculations (see 

Section 3.3.3.3). 
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3.2 Possible objectives of monitoring 
 

The objectives of monitoring are many and diverse. For example, monitoring can be applied to: 

 

¶ assess compliance with permit requirements; 

¶ find the optimal balance between process yield, energy efficiency, resource input and 

emission levels; 

¶ analyse the causes of certain types of emission behaviour (e.g. to detect reasons for 

variations in emissions under normal or other than normal operating conditions); 

¶ predict the emission behaviour of an installation, e.g. after operational conversions, 

operational breakdowns or an increase in capacity; 

¶ check the performance of abatement systems; 

¶ determine the relative contribution of different sources to the overall emissions; 

¶ provide measurements for safety checks; 

¶ report emissions for specific inventories (e.g. local, national and international, such as 

the E-PRTR); 

¶ provide data for assessing environmental impacts (e.g. for input to models, pollutant 

load maps, assessment of complaints); 

¶ set or levy environmental charges and/or taxes. 

 

Operators and competent authorities should have a clear understanding of the objectives of 

monitoring before monitoring begins. The objectives and the monitoring system should also be 

clear for any third party involved, including contractors, e.g. accredited testing laboratories, and 

other possible users of the monitoring data (e.g. land-use planners, public interest groups and 

central government). The objectives should be clearly stated and be taken into account in the 

monitoring plan and in the reporting of the monitoring results (see Sections 4.3 and 5.3). 

 

A clearly defined monitoring objective, an appropriate monitoring plan based on standardised 

methods (e.g. EN standards) and a quality assurance system, e.g. in accordance with 

EN ISO/IEC 17025:2017 [ 1, CEN 2017 ], help to ensure accurate, reliable, representative and 

comparable monitoring data. 

 

Such monitoring information may then be used in the drawing up and review of BREFs and in 

particular in defining BAT and BAT-associated environmental performance levels (BAT-

AEPLs) including emission levels associated with the BAT (BAT-AELs). In order to adequately 

assess the performance of techniques, a great amount of data, gathered over a long time period 

(e.g. one or more years), is generally required, so as to ensure that the data collected are 

representative. 
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3.3 General approaches to decide on an appropriate 
monitoring regime 

 

3.3.1 Overview 
 

In principle there are various approaches that can be taken to monitor a specific parameter, 

although some may not be appropriate for particular applications. In general, the approaches can 

be classified into two main groups: direct measurements (see Section 3.3.3.2) and indirect 

methods (see Section 3.3.3.3). 

 

When choosing one or a combination of these approaches for monitoring, a balance is sought 

between the availability of the method, the accuracy, reliability, representativeness and 

comparability of the results, the level of confidence, the costs and the environmental benefits.  

 

The selection of the parameter(s) to be monitored depends on the processes, the raw materials, 

fuel and other substances used, the key environmental issues and the techniques used to prevent 

or reduce emissions. It is efficient if the parameter chosen to be monitored also serves to control 

the operation of the plant. The frequency at which a given parameter is monitored varies widely 

depending on the needs, the risks to the environment and the monitoring approach taken  

[ 139, Saarinen 1999 ].  

 

Emission monitoring should provide adequate information on their variations in time. For this 

purpose, not only are the specific pollutants monitored, but also other parameters that may serve 

to qualify the emissions such as reference conditions (e.g. temperature, pressure; see 

Sections 4.3.2.5 and 4.3.3.11), air and water flow, raw material input, and production load. 

Usually, the number of parameters to be monitored exceeds the number indicated in a permit or 

in the BAT conclusions for a given industrial sector. All parameters necessary to describe 

emissions and the related circumstances should be mentioned in the measurement or sampling 

plan and should be part of the measurement report. 

 

To decide on an appropriate monitoring regime, a risk-based approach may be applied as 

described in the following section, especially in cases where the monitoring regime is not 

already defined in existing laws or regulations. 

 

 

3.3.2 Risk-based approach 
 

It is best practice to assess the overall risk posed by the (potential) emissions from an 

installation to the environment and to match the frequency and scope of the monitoring regime 

to this risk. These aspects of the monitoring programme may be determined by considering and 

combining several individual risk factors. These may be assessed, for example, as trivial, 

significant or critical. Monitoring requirements may then be judged to range from minimal for 

trivial cases to comprehensive for critical cases. Examples of the risk factors to be considered 

include the following [ 2, IMPEL 2001 ]: 

 

¶ the size and type of the installation, which may determine its environmental impact; 

¶ the complexity of sources (number and diversity, source characteristics (e.g. area 

sources, channelled emissions, peak emissions)); 

¶ the complexity of the process, which may increase the number of potential 

malfunctions; 

¶ the frequency of process switching, particularly at multi-purpose chemical plants; 

¶ possible hazards posed by the type and amount of input feedstock and fuel materials; 

¶ possible environmental and human health effects resulting from emissions, taking into 

account the pollutant types and their rates of release, and including the potential failure 

of abatement equipment; 

¶ the stability of the emission; 
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¶ the proximity of the emission source to sensitive environmental receptors; 

¶ the presence of natural hazards, such as geological, hydrological, meteorological or 

marine factors; 

¶ past performance of the installation and its management; 

¶ the degree of public concern, particularly with regard to contentious installations. 

 

An example of how some of these risk factors can be classified into different risk levels is given 

in Table 3.1. Individual risk factors are classified into two groups representing the probability of 

an event and its impact. 

 

 
Table 3.1: Example of risk factors influencing the likelihood of exceeding the ELV and the 

consequences of exceeding the ELV in the case of emissions to water 

Risk factor 
Risk level 

Low Medium High 

Risk factors influencing the likelihood of exceeding the ELV 

Number of individual 

sources contributing to 

the emission 

Single 
Several 

(2 to 5) 

Numerous 

(> 5) 

Stability of operating 

conditions 
Stable Occasionally unstable Unstable 

Buffer capacity of 

effluent treatment 

Sufficient to cope with 

upsets 
Limited None 

Treatment capacity of 

the source for excess 

emissions  

Able to cope with peaks 

(by stoichiometric 

reaction, oversize, spare 

treatment) 

Limited capabilities No capabilities 

Potential for mechanical 

failure due to corrosion 
No or limited corrosion 

Normal corrosion, 

covered by design 

Corrosion conditions 

still present 

Flexibility in product 

output 

Single dedicated 

production unit 

Limited number of 

product grades 

Many product 

grades, multi-

purpose plant 

Inventory of hazardous 

substances 

Not present or 

production-dependent 

Significant 

(compared to ELV) 
Large inventory 

Maximum possible 

emission load (i.e. 

concentration × flow 

rate) 

Significantly  

below the ELV 
Around the ELV 

Significantly  

above the ELV 

Risk factors influencing the consequences of exceeding the ELV 

Duration of potential 

failure 
Short (< 1 hour) 

Medium 

(1 hour to 1 day) 

Long 

(> 1 day) 

Acute effect of the 

substance(s) 
No Potential Likely 

Location of the 

installation 
Industrial area 

Safe distance between 

industrial and residential 

areas 

Residential area 

nearby 

Dilution ratio in the 

receiving water body 

High 

(e.g. above 1 000) 
Normal 

Low 

(e.g. less than 10) 
Source: [ 3, COM 2003 ] 

 

 

Any risk evaluation should take local conditions into consideration, including risk factors that 

may not be reflected in Table 3.1. The final assessment of likelihood or consequences should be 

based on the combination of all factors, not on a single one, taking into account the specific 

legal requirements of the Member State or the region. 

 

The results of the assessments of these factors can then be combined and represented in a simple 

diagram plotting the likelihood of exceeding the ELV against the consequences of exceeding 

that ELV (Figure 3.1). The combinations of these factors can be decided on a case-by-case basis 
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and in such a way that more weight may be given to the most relevant factors. The location of 

the result on the risk-based grid, as shown in Figure 3.1, determines the appropriate monitoring 

regime conditions for routine process operation [ 3, COM 2003 ]. 

 

 

 
 

Figure 3.1: Monitoring regime depending on the risk of exceeding the ELV 

 

 

The corresponding monitoring regimes for this water-related example based on 24-hour flow-

proportional composite samples or spot samples, as relevant (see Section 5.3.5), are as follows 

[ 3, COM 2003 ]: 

 

1. Occasional - four times per year up to once per month. 

2. Regular (to frequent) - once per month up to once per week and/or spot samples in 

special cases. 

3. (Regular to) Frequent - once per week up to once per day and/or spot samples in 

special cases. 

4. Intensive - once per day or continuous or high frequency (3 to 24 spot samples per day, 

where appropriate). 

 

In the case of emissions to air, the approach given in Table 3.1 needs to be adapted by taking 

into account typical factors such as the capacity and functioning of the abatement system, the 

possibility of diffuse emissions, or the risk of accidents causing unexpected emissions. The 

corresponding monitoring regimes for emissions to air have to be adapted as well, and could be 

differentiated as follows: 

 

1. Occasional - periodic measurements once every three years up to once per year, 

possibly accompanied by indicative monitoring between measurements. 

2. Regular (to frequent) - periodic measurements once per year up to twice per year, 

possibly accompanied by indicative monitoring between measurements. 

3. (Regular to) Frequent - continuous or periodic measurements (several times per year). 

4. Intensive - continuous measurements, when AMS are available. 

 

Section 4.3 describes in detail continuous and periodic measurements of emissions to air and 

associated indicative monitoring. 
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An example of an existing risk-based approach can be found in the Netherlands Emissions 

Guidelines for Air. It is based on the increase in emissions upon failure of an emission 

abatement technique or process-integrated measure and is expressed as a failure emission. The 

harmfulness of an emission that occurs additionally when an emission abatement technique or 

process-integrated technique fails is expressed as a mass flow check value. This value is based 

on a classification system and varies for different substances according to their environmental 

harmfulness. By dividing the failure emission (in g/h) by the mass flow check value (in g/h), a 

failure factor F is determined. The failure factor F is an indicator of the severity of the failure of 

the emission abatement technique, and so, by calculating the failure factor F, the monitoring 

regime and its stringency can be determined. Different monitoring regimes of increasing 

stringency can be applied, including the following [ 4, NL 2012 ]: 

 

¶ emission-relevant parameters, which are measurable quantities directly or indirectly 

related to the emissions to be assessed; 

¶ periodic measurements; and  

¶ continuous measurements.  

 

 

3.3.3 Direct measurements and indirect methods  
 

3.3.3.1 Overview 
 

Several approaches can be taken to monitor a specific parameter, including [ 2, IMPEL 2001 ]: 

 

¶ direct measurements (see Section 3.3.3.2); 

o continuous measurements (see Section 3.3.3.2.1.1); 

o periodic measurements (see Section 3.3.3.2.1.2); 

o campaign measurements (see Section 3.3.3.2.2); 

¶ indirect methods (see Section 3.3.3.3): 

o surrogate parameters (see Section 3.3.3.3.1); 

o mass balances (see Section 3.3.3.3.2); 

o emission factors (see Section 3.3.3.3.3); 

o other calculations (see Section 3.3.3.3.4). 

 

In principle, direct measurements (specific quantitative determination of the emitted 

compounds) are preferred, usually because they are more straightforward, but they are not 

necessarily always more accurate. However, in cases where direct measurements are complex, 

costly and/or impractical, other methods could be more appropriate. For instance, when the use 

of surrogate parameters provides an equally good assessment of the actual emission compared 

to a direct measurement, these methods may be preferred for their simplicity and economy. In 

each situation, the necessity for, and the added value of, direct measurements should be weighed 

against the possibility of simpler verification using surrogate parameters or other methods (such 

as mass balances). 

 

When methods other than direct measurements are used, the relationship between the method 

used and the parameter of interest should be established, demonstrated and well documented on 

a regular basis. 

 

In many cases, the IED and national regulations impose requirements on the monitoring 

approach to be used for a particular installation, e.g. the compulsory use of relevant standards or 

the requirement for continuous measurements. Moreover, provisions on monitoring are 

generally a part of the BAT conclusions, which according to Article 14(3) of the IED shall be 

the reference for setting permit conditions. 
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When deciding on the monitoring approach, the following considerations are important: 
 

¶ Fitness for purpose, i.e. is the method suitable to achieve the objectives (see 

Section 3.2)? 

¶ Legal requirements, i.e. is the method in line with EU or national legislation? 

¶ Facilities and expertise, i.e. are the facilities and expertise available for applying the 

method adequately, e.g. qualified laboratory with suitable technical equipment and 

experienced staff (see Section 3.4.2)? 
 

In some cases, a certain monitoring approach may not be available for the parameter of interest. 

The choice depends on several factors, including the nature and quantity of the emission, the 

likelihood and consequences of exceeding the ELV (as explained in Section 3.3.2), the required 

accuracy, costs, simplicity, rapidity and reliability. 
 

 

3.3.3.2 Direct measurements 
 
3.3.3.2.1 Regular measurements 

 
3.3.3.2.1.1 Continuous measurements 

 

Two types of continuous measurement techniques are generally considered (for more details see 

Sections 4.3.2 and 5.3.4) [ 3, COM 2003 ]: 
 

¶ Fixed in situ (or in-line) continuous reading instruments. These instruments do not need 

to withdraw any sample to analyse it and are usually approved for specific applications. 

There are two possible designs: The measuring cell is either placed in the duct, pipe or 

stream itself or the transmitter and the receiver are placed outside the stack opposite 

each other. Regular maintenance and calibration of these instruments is essential. 

¶ Fixed on-line (or extractive) continuous reading instruments. These instruments 

continuously extract samples from the stream along a sampling line and transport them 

to an on-line measurement station, where the samples are analysed continuously. The 

measurement station may be far away from the stream and therefore care is taken so 

that the sample integrity is maintained along the sampling line. This type of equipment 

often requires pretreatment of the sample. 
 

 

3.3.3.2.1.2 Periodic measurements 

 

The following types of periodic measurement techniques are generally considered (for more 

details see Section 4.3.3 and 5.3.5) [ 3, COM 2003 ]: 
 

¶ Portable instruments used for series of measurements. These instruments are carried to 

and set up at the measurement site. Normally a probe is introduced at an appropriate 

measurement port to measure in situ or to sample the stream and analyse it on-line. 

These instruments are appropriate for checking emission concentrations and also for 

calibrating other monitoring equipment. 

¶ Laboratory analysis of samples taken by fixed on-line samplers. These samplers 

withdraw the sample continuously and collect it in a container. From this container, a 

portion is then analysed in the laboratory, giving an average concentration over the total 

volume accumulated in the container. The amount of sample withdrawn can be 

proportional to time or to flow and has to be sufficient for the applied measurement 

technique. 

¶ Laboratory analysis of spot samples. A spot sample is a sample taken from the sampling 

point at a certain time over a certain time period. The sample is then analysed in the 

laboratory, providing an average over the sampling period, which is representative of 

the time at which the sample was taken. The amount of sample taken has to be 

sufficient for the applied measurement technique. 
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3.3.3.2.1.3 Continuous versus periodic measurements 

 

Continuous measurement techniques have an advantage over periodic measurement techniques 

as they provide a larger amount of data that can facilitate statistical analysis and can highlight 

periods of different operating conditions. Continuous measurement techniques, though, may 

also have some drawbacks, e.g. they need to be calibrated regularly with periodic standard 

reference methods. Advantages and disadvantages of continuous and periodic measurements are 

covered in more detail in Sections 4.3 and 5.3, together with recommendations on their uses. 

 

 
3.3.3.2.2 Campaign measurements 

 

One special type of measurements are campaign measurements, which are carried out in 

response to a need for or an interest in obtaining more comprehensive information than that 

generally provided by routine monitoring, which is mainly performed for compliance 

assessment. Campaign measurements usually involve relatively detailed and sometimes 

extensive and expensive measurements which are usually not justified to be carried out on a 

regular basis [ 2, IMPEL 2001 ].  

 

Situations in which campaign measurements might be carried out include the following [ 2, 

IMPEL 2001 ], [ 3, COM 2003 ]: 

 

¶ a new measurement technique is to be introduced and needs to be validated; 

¶ a fluctuating parameter is to be investigated in order to identify the root causes of the 

fluctuation or to assess opportunities to reduce the range of the fluctuations; 

¶ a surrogate parameter is to be defined and correlated with process parameters or other 

emission values; 

¶ the actual compounds/substances of an emission are to be determined or evaluated in 

addition to the regular measurement of a sum parameter; 

¶ the ecological impact of an emission is to be assessed by ecotoxicological analyses; 

¶ volatile organic compounds are to be determined for odour; 

¶ measurement uncertainties are to be evaluated; 

¶ a new process is to be started without previous knowledge of emission patterns; 

¶ a preliminary study is necessary to design or improve techniques for the prevention or 

abatement of emissions (treatment systems); 

¶ the total emissions (of a substance) from several sources (types and characteristics) need 

to be determined; 

¶ the relative emission contribution of a pollution source to the total emissions needs to 

be identified (graduation emission sources); 

¶ a cause-effect relationship is to be investigated. 

 

 

3.3.3.3 Indirect methods 
 
3.3.3.3.1 Surrogate parameters 

 

Surrogate parameters are measurable or calculable quantities which can be closely related, 

directly or indirectly, to conventional direct measurements of pollutants, and which may 

therefore be monitored and used instead of the direct pollutant values for some practical 

purposes [ 2, IMPEL 2001 ]. The use of surrogate parameters either individually or in 

combination, or also in combination with direct measurements, may provide a sufficiently 

reliable picture of the nature and quantity of the emission [ 3, COM 2003 ]. 

 

The surrogate parameter is normally an easily and reliably measured or calculated parameter 

that may indicate various aspects of the process, such as throughput, energy consumption, 

temperatures, volumes of residue (water, air, solid waste) or emission concentrations (e.g. total 

volatile organic carbon (TVOC) as a surrogate parameter for organic solvents). The surrogate 
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parameter may provide an indication of whether another parameter is within a desired range 

provided that the surrogate parameter is maintained within a certain range [ 3, COM 2003 ]. In 

specific cases, it may be possible to achieve more reliable results if the surrogate parameter is 

combined with direct measurements. 

 

Whenever a surrogate parameter is proposed to determine the value of another parameter of 

interest, the relationship between the surrogate parameter and the parameter of interest needs to 

be clearly identified, demonstrated and documented (e.g. via campaign measurements as 

described in Section 3.3.3.2.2). In addition, traceability of the parameter's evaluation on the 

basis of the surrogate parameter is needed [ 3, COM 2003 ]. 

 

A surrogate parameter is only likely to be useful for monitoring purposes if [ 2, IMPEL 2001 ], 

[ 3, COM 2003 ]: 

 

¶ it is closely and consistently related to the pollutant to be measured; 

¶ it is more economical or easier to monitor than it is to carry out direct measurements or 

if it can provide more frequent information; 

¶ it is capable of being related to specified limits; 

¶ the operating conditions when surrogate parameters are monitored match the conditions 

when direct measurements are required; 

¶ its use is generally supported and approved by sufficient data; this implies that any extra 

uncertainty due to the surrogate parameter is insignificant for regulatory decisions; 

¶ it is properly described, including regular evaluation and follow-up. 

 

Key advantages of the use of surrogate parameters may include the following [ 2, IMPEL 

2001 ], [ 3, COM 2003 ]:  

 

¶ ease and reliability of measurements or calculations; 

¶ reduced costs; 

¶ higher monitoring frequency for the same or lower costs; 

¶ higher number of measurement/sampling points for the same or lower costs; 

¶ in certain cases, higher accuracy compared to direct measurements; 

¶ possibility to detect other than normal operating conditions, e.g. combustion 

temperature changes to alert of a potential increase in dioxin emissions; 

¶ less disruption to the process operation compared to direct measurements; 

¶ more versatile usability, e.g. a temperature measurement may be useful to assess several 

issues such as energy efficiency, pollutant emissions, process operation and control of 

raw material; 

¶ recovery of corrupted emission monitoring data. 

 

Key disadvantages of the use of surrogate parameters may include the following [ 2, IMPEL 

2001 ], [ 3, COM 2003 ]: 

 

¶ potentially more demanding calibration than for direct measurements; 

¶ restriction to a relative rather than an absolute value; 

¶ validity potentially restricted to a certain range of operating conditions; 

¶ potentially lower public confidence compared to direct measurements; 

¶ in certain cases, lower accuracy compared to direct measurements; 

¶ potential unsuitability for legal purposes. 

 

Different categories of surrogate parameters may be distinguished on the basis of the strength of 

the relationship between the emission parameter of interest and the surrogate parameter (see 

Sections 4.4 and 5.4) [ 3, COM 2003 ]: 

 

¶ Quantitative surrogate parameters give a reliable quantitative picture of the emission 

and can substitute direct measurements.  
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¶ Qualitative surrogate parameters give reliable qualitative information on the 

composition of the emission. 

¶ Indicative surrogate parameters give information about the operation of an installation 

or process and therefore give an indicative impression of the emission. 

 

The border between these different categories is to a certain extent ambiguous. 

 

Surrogate parameters may be monitored periodically or continuously. 

 

Examples for the different categories of surrogate parameters are given in Sections 4.4.1 and 

5.4.1. Biological test methods are special surrogate parameters. They include biomonitoring to 

determine the effects of airborne pollutants on organisms including the impact caused by 

industrial activities (see Section 4.7) and toxicity tests to assess the possible hazardous character 

of waste water (see Section 5.5). 

 

 
3.3.3.3.2 Mass balances 

 

Mass balances can be used for an estimation of the emissions to the environment from an 

installation, process or piece of equipment. The procedure normally accounts for inputs, 

accumulations, outputs and the generation or destruction of the substance of interest, and the 

difference is accounted for as a release to the environment [ 141, AU 1999 ].  

 

The use of mass balances has the greatest potential when: 

 

¶ emissions are of the same order of magnitude as inputs or outputs; 

¶ the amounts of the substance (input, output, transfer, accumulation) can be readily 

quantified over a defined period of time. 

 

When part of the input is transformed (e.g. the feedstock in a chemical process) or when the 

emission results from a transformation process, the mass balance method may be more difficult 

to apply; in these cases, a balance by chemical elements is needed instead [ 141, AU 1999 ]. 

 

If mass balances are to be used as monitoring associated to a BAT-AEPL or associated to an 

ELV in a permit, sufficient data should be available that show the applicability of the proposed 

mass balance. 

 

Based on [ 141, AU 1999 ], the following simple equation can be applied when estimating 

emissions by a mass balance: 

 

Total mass into process = accumulations + total mass out of process 

 

Applying this equation to the context of an installation, process or piece of equipment, this 

equation could be rewritten as follows: 

 

Inputs = products + transfers + accumulations + emissions 

 

where 

 

Inputs  = all incoming material used in the process; 

Products  = products and materials (e.g. by-products) exported from the installation; 

Transfers  = include substances discharged to sewers, substances deposited into 

landfill and substances removed from an installation for destruction, 

treatment, recycling, reprocessing, recovery or purification; 

Accumulations = material accumulated in the process; 

Emissions  = releases to air, water, soil and groundwater; emissions include both 

routine and accidental releases, as well as spills. 
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Although mass balances seem a straightforward method of emission estimation, the 

uncertainties involved should be well known. Therefore, mass balances are only applicable in 

practice when accurate input and output quantities can be determined. Inaccuracies associated 

with individual material tracking, or other activities inherent in each material handling stage, 

can result in large deviations for the total emissions from the installation. A slight error in any 

step of the operation can significantly affect emission estimates. For example, small errors in 

data or calculation parameters, including those used to calculate the mass elements for the mass 

balance equation, can result in potentially large errors in the final estimates. In addition, when 

sampling of input and/or output materials is conducted, a failure to use representative samples 

will also contribute to the uncertainty. In some cases, the uncertainty may be quantifiable; if so, 

this is useful in determining whether the values are suitable for their intended use [ 3, COM 

2003 ]. 

 

Examples of the application of a mass balance include fuel analysis (see Section 4.4.2) and 

solvent management plans (see Section 4.5.4.3). 

 

Even if a mass balance cannot be used to estimate emissions, it can in some cases be a useful 

tool to better understand emission and consumption levels, e.g. a mercury balance in a mercury 

cell chlor-alkali plant [ 140, COM 2014 ]. 

 

 
3.3.3.3.3 Emission factors 

 

Emission factors are numbers that can be multiplied by an activity rate (e.g. the production 

output, water consumption, number of animals), in order to estimate the emissions from the 

installation. They are applied under the assumption that all (agro-)industrial units of the same 

product line have similar emission patterns. These factors are widely used for determining 

emissions at small installations, e.g. in particular for livestock farming. They are also commonly 

used for the determination of diffuse emissions (see for example the BREFs for Iron and Steel 

Production (IS BREF) [ 142, COM 2012 ] and the Refining of Mineral Oil and Gas (REF 

BREF) [ 143, COM 2015 ]). 

 

Emission factors are generally derived through the testing of a population of similar process 

equipment (e.g. boilers using a particular fuel type) or process steps for a specific 

(agro-)industrial sector. This information can be used to relate the quantity of material emitted 

to some general measure of the scale of activity (e.g. for boilers, emission factors are generally 

based on the quantity of fuel consumed or the heat output of the boiler) [ 141, AU 1999 ]. In the 

absence of other information, default emission factors (e.g. literature values) can be used to 

provide an estimate of the emissions (e.g. there are different emission factors available for 

ammonia or odour units emitted per animal place for different types of animals). 

 

Emission factors require activity rates, which are combined with the emission factor to 

determine the emission rate. The generic formula is: 

 

Emission Rate  =  Emission Factor  × Activity Rate 

(mass per unit of time) (mass per unit of throughput) (throughput per unit of time) 

 

Appropriate conversion factors for units may need to be applied. For example, if the emission 

factor is expressed as kg pollutant/m
3
 of fuel burnt, then the activity data required would be 

expressed in terms of m
3
 fuel burnt/h, thereby generating an emission estimate of kg pollutant/h. 
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EN ISO 11771:2010 [ 5, CEN 2010 ] specifies a generic method for the determination and the 

reporting of time-averaged mass emissions (i.e. emission rates) from a specific installation or 

from a family of installations (or common source type), using data collected by measurements, 

and by establishing: 

 

¶ emission rates by the simultaneous measurement of concentration and gas flow, using 

standardised manual or automated methods, and also the estimation of the measurement 

uncertainty; 

¶ time-averaged emission rates using time series of emission rate values, their uncertainty 

characteristics, and also the determination of the expanded uncertainty of the average; 

¶ time-averaged emission factors for a specific installation or for a family of installations 

and their associated uncertainty characteristics; 

¶ a quality management system to assist the process of inventory quality assurance and 

verification.  

 

Emission factors are often generated for emission inventory purposes and can be obtained from 

several sources (e.g. EMEP/EEA [ 6, EEA 2013 ], US EPA AP 42 [ 7, US EPA 2013 ] or 

VDI 3790 Part 3:2010 [ 8, VDI 2010 ]). They are usually expressed as the mass of a substance 

emitted divided by the unit of mass, volume, distance, calorific value of fuel, or duration of the 

activity emitting the substance (e.g. kilograms of sulphur dioxide emitted per tonne of fuel 

burnt). 

 

The main criterion affecting the selection of an emission factor is the degree of similarity 

between the equipment or the process selected in applying the factor and the equipment or 

process from which the factor was derived. 

 

Emission factors developed from measurements for a specific process may sometimes be used 

to estimate emissions at other installations. If a company has several processes of a similar 

nature and size, and emissions are measured from one process source, an emission factor can be 

developed and applied to similar sources presenting a comparable situation. 

 

 
3.3.3.3.4 Other calculations 

 

Theoretical and complex equations, or models, can be used for estimating emissions from 

industrial processes. Estimations can be made by calculations based on the physico-chemical 

properties of the substance (e.g. vapour pressure) and on physico-chemical relationships (e.g. 

ideal gas law). 

 

The use of models and related calculations requires that all necessary corresponding input data 

are available. Usually models provide a reasonable estimate: 

 

¶ if they are based on valid assumptions, as demonstrated by previous validations; 

¶ if their inherent uncertainty is sufficiently low; 

¶ if suitable sensitivity analyses results are presented alongside them; 

¶ if the scope of the model corresponds to the case studied; 

¶ if input data are reliable and specific to the conditions of the installation. 

 

An example of such a calculation is the estimation of methane emissions from landfills based on 

a first order decay of the organic material under anaerobic conditions [ 266, IPCC 2006 ]. 
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3.4 Quality assurance 
 

3.4.1 Overview 
 

Data quality is the most critical aspect of monitoring. Reliable data are needed for assessing and 

comparing the performances of emission control techniques, for decision-making concerning 

allowable levels of emissions, and for the prevention of accidents, etc. Thus, quality assurance 

is essential for the whole data production chain and for any type of monitoring. 

 

Since 2005, several changes have occurred in the regulatory framework and in the 

standardisation of measurement methods that have had a significant effect on the quality 

assurance of measurements and the quality of data received. In April 2009, the European co-

operation for Accreditation (EA) [ 9, EA 2013 ] was established according to Regulation No 

756/2008 [ 10, EC 2008 ], and this required Member States to introduce a uniform accreditation 

body and system by 1 January 2010, if not already available. Accreditation ensures a common 

interpretation of standards and covers, among others, laboratories carrying out testing 

(measurements) and calibration in air and water. Laboratories can be run by plant operators, 

authorities or third parties (e.g. consultants, experts), but have to fulfil the same requirements. 

 

The EN standard used for the accreditation of testing laboratories is EN ISO/IEC 17025:2017 

and this requires that each laboratory applies a proven quality management system. This also 

covers the validation of methods, data treatment, the evaluation of the measurement uncertainty 

and the reporting of results. Applying the rules given in EN ISO/IEC 17025:2017 guarantees a 

certain level of quality assurance in accredited laboratories and of the results provided by them 

[ 1, CEN 2017 ]. 

 

For the measurement uncertainty, EN ISO/IEC 17025:2017 refers to the Guide to the 

Expression of Uncertainty in Measurement [ 11, JCGM 2008 ], [ 79, ISO 2008 ]. Based on this 

Guide, a European Standard for estimating the measurement uncertainty in air quality 

measurements is available, including for measurements of stationary source emissions 

(EN ISO 20988:2007 [ 12, CEN 2007 ]).  

 

In the following sections, the main quality assurance principles are described.  

 

 

3.4.2 Personnel and laboratory qualification 
 

EN ISO/IEC 17025:2017 specifies general requirements for the competence of testing and 

calibration laboratories using standard methods, non-standard methods and laboratory- 

developed methods. Laboratories adhering to the standard have to establish a management 

system to assure the quality of the measurement results. The standard also includes technical 

requirements on personnel, laboratory facilities and equipment, measurement and calibration 

methods, measurement traceability, sampling and reporting [ 1, CEN 2017 ].  

 

EN ISO/IEC 17025:2017 requires that all personnel of the laboratory act impartially and be 

competent [ 1, CEN 2017 ]. Some Member States (e.g. Belgium (Flanders) [ 14, BE (Flanders) 

2010 ]) have introduced additional guidance or standards to provide more detailed information 

and criteria for the application of EN ISO/IEC 17025, covering also personnel qualification and 

making use of EN ISO/IEC 17024:2012 [ 15, CEN 2012 ]. For the determination of emissions, 

knowledge of the various techniques, including of operational processes causing emissions and 

of abatement techniques, is required. Among others, audits and measurement reports are used to 

prove the necessary knowledge in different technical fields. 

 

In some Member States, different levels of personnel qualification are defined and related to the 

required experience and skills. For example in the United Kingdom, the terms trainee (entry 

level), technician (level 1) and team leader (level 2) are used. Each level requires an increasing 
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level of knowledge and experience. For levels 1 and 2, formal exams are set and the personnel 

concerned can obtain a certificate [ 17, MCERTS 2011 ], [ 18, MCERTS 2016 ]. 

 

In other Member States, requirements for the manning of laboratories are set. For example in 

Germany, laboratories carrying out determination of air pollutants at stationary sources are 

required to have at least one technical supervisor, at least one deputy technical supervisor and 

competent laboratory personnel consisting of at least two more persons. The qualification of 

these persons is assessed during (re-)accreditation and regular audits by the accreditation body 

[ 19, VDI 2011 ]. 

 

EN ISO/IEC 17025:2017 also requires laboratories to participate in inter-laboratory 

comparisons or proficiency testing [ 1, CEN 2017 ]. General requirements for the development 

and operation of proficiency testing schemes and for the competence of their providers are given 

in EN ISO/IEC 17043:2010 [ 20, CEN 2010 ]. 

 

Following an accreditation procedure and fulfilling all its requirements is challenging and 

requires a significant effort. The fulfilment of these requirements is assessed through an 

extensive procedure during the initial accreditation and again during a complete re-accreditation 

every four to five years. Between re-accreditations, an auditing scheme is applied with a tight 

time schedule, including inspection visits every year or two, up to three times at fixed intervals 

[ 21, UKAS 2013 ], [ 22, DAkkS 2015 ]. 

 

An unaccredited laboratory may achieve the same quality of measurement results as an 

accredited one. But if the results are questionable, the comparability and reliability of the 

applied methods will have to be demonstrated by the unaccredited laboratory even if it applies 

EN standards. For accredited laboratories, this is already carried out systematically and in a 

transparent manner during accreditation and can be proven at any time. In particular in cases of 

compliance assessment, the majority of Member States therefore only accept the results of 

measurements carried out by accredited laboratories. 

 

Laboratories accredited according to EN ISO/IEC 17025:2017 can be run by plant operators, 

authorities or third parties (e.g. consultants, experts), but need to be impartial  

[ 1, CEN 2017 ]. 

 

In general, measurements of emissions to air are carried out by third-party laboratories, whereas 

measurements of emissions to water are carried out to a large extent by plant operators. This is 

related to several factors detailed below.  

 

In the case of emissions to water, the key environmental parameters measured are often the 

same as the key parameters to control the abatement equipment. It is essential to measure these 

to run the waste water treatment plant in an optimised way, and, to do so, plant operators, in 

general, have their own analytical laboratory. Furthermore, waste water sampling is relatively 

easy compared to waste gas sampling and the results can also be used to show the amount of 

pollutants released to the environment.  

 

In the case of emissions to air, the key parameters measured to control the process and/or the 

abatement equipment generally differ from the key environmental parameters (except for CO 

for combustion processes or NOX for selective catalytic reduction (SCR) or selective non-

catalytic reduction (SNCR)). In addition, the measurement of emissions to air, including 

sampling and determination of the peripheral parameters/reference quantities, is much more 

complicated. Generally, complex and expensive sampling equipment is needed, independent 

from the analytical equipment for on-site measurements. For these reasons, it is common 

practice that measurements of emissions to air are mainly carried out by (accredited) third 

parties, in particular periodic measurements and the calibration of continuous measurement 

equipment. 
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In the United Kingdom, a special Operator Monitoring Assessment (OMA) scheme is in place 

for emissions to air [ 23, MCERTS 2013 ] and water [ 132, MCERTS 2013 ] from industrial 

installations regulated under the Environmental Permitting Regulations to strengthen the 

auditing of operators' self-monitoring arrangements. The OMA scheme is used by the 

Environment Agency, among others, to assess the quality and reliability of operators' self-

monitoring (including monitoring undertaken on behalf of operators by contractors) as required 

by their permit and to identify monitoring shortfalls and areas for potential improvements. 

 

The use of data generated by accredited laboratories also has an advantage during the drawing 

up or review of BREFs, where a lot of datasets are provided which may sometimes show 

variations that cannot be easily explained. Therefore, accreditation may serve as an additional 

criterion for assessing data quality. In essence, data from accredited laboratories that are 

regularly audited and that participate in proficiency testing programmes are ultimately more 

trustworthy than data from unaccredited laboratories. 

 

 

3.4.3 Standardised methods 
 

According to Directive 98/34/EC, the European standardisation bodies are CEN (European 

Committee for Standardization), CENELEC (European Committee for Electrotechnical 

Standardisation) and ETSI (European Telecommunications Standards Institute)  

[ 25, EC 1998 ]. The preparation and amendment of European Standards (EN standards) 

involves the national standardisation bodies of 33 member countries including all EU Member 

States.  

 

All European standards developed by CEN need to be converted into national standards without 

any alteration. Additionally, all conflicting national standards are to be withdrawn. This 

generates a harmonised basis for measuring methods all over Europe. Using these standards in 

the accreditation of laboratories guarantees that these laboratories are working according to 

these standards and applying them in a harmonised way.  

 

Standards for the measurement of emissions to air and water are listed in Annexes A.1 and A.2, 

respectively. 

 

The precedence of EN standards for the monitoring of emissions in the context of the IED is 

reflected in Article 70 concerning installations producing titanium dioxide, in Annex V, Part 3, 

concerning large combustion plants, and in Annex VI, Part 6, concerning waste 

(co-)incineration plants: 'Monitoring shall be carried out in accordance with CEN standards or, 

if CEN standards are not available, ISO, national or other international standards which ensure 

the provision of data of an equivalent scientific quality.' 

 

This hierarchy of standards was taken on for the formulation of the BAT on monitoring in many 

adopted BAT conclusions: 'BAT is to monitor emissions to (é) in accordance with EN 

standards. If EN standards are not available, BAT is to use ISO, national or other international 

standards which ensure the provision of data of an equivalent scientific quality.' 

 

The development of EN standards requires a validation during the standardisation process as 

described in CEN Guide 13 on Environmental test methods [ 26, CEN 2008 ]. Validation means 

the demonstration of the suitability of the measuring principle for the intended measurement 

objective. This includes the determination and specification of the performance characteristics 

to be met by the user of the method. The validation process includes laboratory and field tests 

carried out by different European testing laboratories at industrial plants in different parts of 

Europe. 

 

The IED gives second priority to ISO, national or other international standards. The process for 

the development of ISO standards is not always the same as for EN standards, but in many 

cases, in particular for water analysis, ISO standards are adopted as EN standards without any 
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alteration. The technical cooperation between ISO and CEN including provisions for the parallel 

adoption of standards was formalised in 1999 with the Vienna agreement [ 144, ISO and CEN 

2016 ]. The process for developing national or other international standards may also differ 

from the one used for EN standards. In contrast to EN standards, the experiences and quality 

requirements of some Member States may not be included in these standards.  

 

In the case of non-standard methods, laboratory-developed methods and standard methods used 

outside their intended scope or otherwise modified, EN ISO/IEC 17025:2017 requires their 

validation. During validation, performance characteristics such as the measurement range as 

well as the accuracy and precision of the results have to be assessed. This typically includes 

determining the measurement uncertainty, the limit of detection, the selectivity of the method, 

the linearity, the repeatability and/or reproducibility, the robustness against external influences 

and/or the cross-sensitivity against interference from the matrix of the sample/test object [ 1, 

CEN 2017 ]. Judgements on the scientific quality of the measurement results rely on an analysis 

of these performance characteristics. 

 

Guidance on the validation of methods is available in some EN standards, e.g. in 

CEN/TS 15674:2007 for the measurement of emissions to air (see Section 4.3.3.1) [ 76, CEN 

2007 ] and in CEN/TS 16800:2015 for the measurement of emissions to water (see 

Section 5.3.1) [ 264, CEN 2015 ]. 

 

For the measurement of emissions to air, EN 14793:2017 specifies a validation procedure to 

show if an alternative method (AM) can be used instead of a standard reference method (SRM) 

[ 27, CEN 2017 ]. For water analysis, no similar EN standard was available in 2017. However, 

ISO/TS 16489:2006 and DIN 38402-71:2002 describe statistical procedures to test the 

equivalency of results obtained by two different analytical methods [ 263, ISO 2006 ] [ 43, DIN 

2002 ]. 

 

The national requirements for compliance assessment of several Member States largely rely on 

the use of standardised methods, and in particular on EN standards, e.g. in Germany  

[ 28, DE UBA 2008 ], [ 29, DE 2014 ], Ireland [ 16, IE EPA 2017 ], the Netherlands  

[ 30, NL InfoMil 2012 ], Poland [ 31, PL 2012 ] and the United Kingdom [ 32, MCERTS 

2016 ], [ 33, SEPA 2011 ], [ 34, MCERTS 2017 ]. 

 

Indicative or simplified test methods are usually not used for compliance assessment. 

Nevertheless, there might be cases when it is advisable to use them in addition to standardised 

methods. They might also be appropriate when an indication of the emissions is sufficient, e.g. 

between periodic measurements carried out for compliance assessment. 

 

Another important factor that can have an influence on the use of standardised methods is the 

potential environmental risk associated with the pollutant in combination with the location of 

the installation. If the environmental risk is high because there are sensitive receptors in the 

surroundings, it is advisable to always use standardised methods to ensure a higher level of 

transparency and reliability, and probably to gain a higher level of acceptance of the results by 

the public or in court cases, if the use of standardised methods is not already required by laws, 

regulations and permits. 

 

In practice, not all measurements are related to compliance assessment. For example, in the case 

of the measurement of key process parameters, it is not necessary to use standardised methods. 

It is up to the operator to decide what level of accuracy, repeatability and reproducibility is 

needed (unless it is stated otherwise by a specific piece of legislation). 

 

In summary, the uniform use of EN standards guarantees comparable, reliable and reproducible 

measurement results all over Europe, in particular if the EN standards are applied by accredited 

laboratories that are regularly audited and that participate in proficiency testing programmes. 

ISO or national standards might be used if they ensure the provision of data of an equivalent 

scientific quality. The usefulness of simplified indicative methods is very limited. 
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3.4.4 Data treatment 
 

3.4.4.1 Overview 
 

When evaluating and comparing monitoring data, it is important to have information on how the 

measurement results were processed. Information on the averaging of measurement results (see 

Section 3.4.4.2) and the measurement uncertainty related to these results (see Section 3.4.4.3) is 

of fundamental importance. Furthermore, some performance characteristics of the analytical 

method, such as the limit of detection and the limit of quantification (see Section 3.4.4.4), have 

to be taken into account when assessing data as well as outlier values, their detection and their 

treatment (see Section 3.4.4.5). 

 

 

3.4.4.2 Averaging measurement results 
 

How to average measurement results or how to aggregate data are questions which arise after 

every measurement series. The choice strongly depends on the measurement frequency 

(continuous - periodic) and the compliance assessment regime applied. 

 

For continuous measurements, it is obvious that averaging is necessary to summarise the 

results. Depending on the time period and the number of validated values, the result of the 

measurement can for example be a half-hourly, hourly, daily, monthly or yearly average. In 

some cases, a validation is carried out before averaging the measurement results (e.g. by taking 

into account the measurement uncertainty (see Section 3.4.4.3) or by removing outliers (see 

Section 3.4.4.5)). If the number of validated results is sufficient, the result is considered 

representative of the operating conditions covered. 

 

For periodic measurements, the result of a measurement is an average over the sampling 

period, which can be, for example, 30 minutes for measurements of emissions to air (see 

Section 4.3.3.8) or 24 hours for measurements of emissions to water (see Section 5.3.5.4.1). 

Establishing how many samples are necessary to determine a representative daily, monthly or 

yearly average is a very complex task which requires taking into account several criteria. 

 

Depending on the measurement objective of periodic measurements, it might be useful not to 

average the real-time data provided by portable instrumental analysers, e.g. for calibrating 

permanently installed systems or for carrying out assessments of process control. 

 

In most cases, it is not possible to guarantee representativeness solely by the number of samples 

taken. Other assumptions need to be made (see Sections 4.3.3 and 5.3.5). If the samples are 

taken under well-defined and controlled normal operating conditions, it is generally assumed 

that the results of the measurements are representative of these conditions.  

 

For the averaging of results obtained by continuous and periodic measurements, there are 

different approaches depending on the legislation and the environmental media. The averaging 

periods range from 10 minutes, 30 minutes, 1 hour and 24 hours to up to one year. In particular, 

the monthly or yearly averages of continuous measurement of emissions to air can be based on 

10-minute, half-hourly, hourly or daily averages. 

  

To avoid misinterpretation of the monitoring results, clear and unambiguous definitions should 

be used. Table 3.2 gives examples of averaging periods that are or could be used in BAT 

conclusions or permits. The definitions are subject to modification, according to the specifities 

of the BREF to be drawn up/reviewed or to the required permit conditions. 
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Table 3.2: Examples of averaging periods defined in BAT conclusions 

 Averaging period Definition  

Emissions to air 

a Daily average 
Average over a period of 24 hours of valid half-hourly or 

hourly averages obtained by continuous measurements (
1
) 

b Monthly/Yearly average 

Average calculated from the 10-minute, half-hourly, hourly 

or daily averages obtained by continuous measurements 

during one month/year (
1
) 

c Average over the sampling duration 
Average over at least 30 minutes obtained by periodic 

measurements (
2
) 

d 
Daily/Monthly/Yearly average (

3
) as 

specific load 

Average over a period of one day/month/year expressed as 

mass of emitted substances per unit of mass of 

products/materials generated or processed 

Emissions to water 

e Daily average 
Average over a sampling period of 24 hours derived from a 

flow-proportional composite sample 

f Monthly/Yearly average 
Average (

4
) calculated from all daily averages obtained 

during one month/year 

g 
Average of samples obtained during 

one month 

Average (
4
) of at least four (i.e. at least one sample every 

week) 24-hour flow-proportional composite samples taken 

during one month 

h 
Average of samples obtained during 

one year 

Average (
4
) of at least twelve (i.e. at least one sample taken 

every month) 24-hour flow-proportional composite samples 

taken during one year 

i 
Daily/Monthly/Yearly average (

3
) as 

specific load 

Average over a period of one day/month/year expressed as 

mass of emitted substances per unit of mass of 

products/materials generated or processed 
(1)  Continuous measurement means, according to EN 14181:2014, measurements with an automated 

measuring system (AMS) permanently installed on site for the continuous monitoring of emissions or measurement 

of peripheral parameters [ 36, CEN 2014 ]. 

(2) Periodic measurement means, according to EN 15259:2007, determination of a measurand at specified 

time intervals [ 45, CEN 2007 ]. 

(3) The averaging period of the specific load and the minimum monitoring frequency have to be defined 

according to the requirements of the specific industrial sector. 

(4) Weighted average considering the daily flows. 

 

 

In practice, there are two common approaches for assessing the results of periodic 

measurements. 

 

In some Member States (e.g. Germany, the United Kingdom) each measurement result is 

assessed individually. This procedure is also used in the IED, Annex VI, Part 8, for emissions of 

heavy metals and polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs) to air 

from waste (co-)incineration plants [ 24, EU 2010 ]. Directive 91/271/EEC concerning urban 

waste water treatment also uses this approach, based on 24-hour composite samples, and, in 

addition, a 'maximum permitted number of samples which fail to conform' is defined [ 35, EEC 

1991 ].  

 

Other Member States (e.g. Italy, the Netherlands) use an average over all individual 

measurements carried out periodically (e.g. three consecutive measurements for emissions to 

air). Averaging the results of all individual measurements is also used in the IED, Annex VII, 

Part 8, for emissions of organic compounds to air from installations and activities using organic 

solvents [ 24, EU 2010 ]. 

 

Averaging the results of individual measurements may require some additional provisions, such 

as how to deal with values below the limit of detection/quantification (see Section 3.4.4.4) or 

how to take into account the measurement uncertainty (see Section 3.4.4.3). For instance, in the 

Netherlands, the total measurement uncertainty has to be divided by n  before it is subtracted 

from the calculated average of n measurements [ 4, NL 2012 ]. 
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3.4.4.3 Measurement uncertainty 
 

The Guide to the Expression of Uncertainty in Measurement (GUM) published by the Joint 

Committee for Guides in Metrology establishes general rules for evaluating and expressing 

uncertainty in measurement that are intended to be applicable to a broad spectrum of 

measurements [ 11, JCGM 2008 ], [ 79, ISO 2008 ]. EN ISO/IEC 17025:2017 uses the concept 

of measurement uncertainty referring to the GUM [ 1, CEN 2017 ], which gives the following 

definition: 'parameter associated with the result of a measurement that characterises the 

dispersion of the values that could reasonably be attributed to the measurand' [ 11, JCGM 

2008 ], [ 79, ISO 2008 ]. EN ISO 20988:2007 applies the general recommendations of the GUM 

to the conditions of air quality measurements, including stationary source emission 

measurements [ 12, CEN 2007 ]. In the field of water analysis, the Eurachem/CITAC guide is 

often used for the evaluation of the measurement uncertainty, based on the GUM [ 269, 

Eurachem/CITAC 2012 ]. 

 

The various standards generally distinguish between three different types of uncertainties [ 11, 

JCGM 2008 ], [ 79, ISO 2008 ], [ 12, CEN 2007 ], [ 265, INERIS 2016 ], [ 269, 

Eurachem/CITAC 2012 ]: 

 

¶ The standard uncertainty is the uncertainty of the result of a measurement expressed 

as a standard deviation. 

¶ The combined standard uncertainty is the standard uncertainty of the result of a 

measurement when that result is obtained from the values of a number of other input 

quantities. It is equal to the positive square root of a sum of terms, the terms being the 

variances or covariance of these other quantities weighted according to how the 

measurement result varies with changes in these quantities. 

¶ The expanded uncertainty, also referred to as the overall uncertainty, is the interval 

within which the value of the measurand is believed to lie with a higher level of 

confidence. The expanded uncertainty is obtained by multiplying the combined standard 

uncertainty with a coverage factor. In many cases, a coverage factor of k = 1.96 with a 

confidence level of 95 % is chosen.  
 

For each (new) EN standard dealing with measurement methods, there is a requirement to 

address the measurement uncertainty [ 26, CEN 2008 ]. Every accredited laboratory applying 

these standards needs to define a procedure describing how uncertainty is addressed and should 

always apply this procedure for the expression of measurement results [ 1, CEN 2017 ].  

 

Therefore, every (accredited) laboratory should be able to state the estimated uncertainty for 

each measurement result, according to the related standards (e.g. EN standards) or to the related 

directive. The estimated uncertainty is often necessary for compliance assessment. 

 

A number of factors contribute to the total measurement uncertainty, for example:  

 

¶ qualification of personnel and human factors; 

¶ laboratory facilities and environmental conditions; 

¶ test and calibration methods and method validation; 

¶ equipment and software used; 

¶ measurement traceability; 

¶ sampling plan, procedures and process; 

¶ transportation and handling of test and calibration items. 

 

There are different ways to take these factors into account when determining the measurement 

uncertainty.  

 

According to EN ISO 20988:2007, the measurement uncertainty in the case of emissions to air 

can be determined either in a direct approach by a single experimental design or in an indirect 

approach by a combination of different experimental designs. In a direct approach, all 
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influencing factors that can cause variations of the measurement result are investigated in a 

single experiment, including the whole data production chain with all intermediate steps. This 

leads directly to the expanded uncertainty, which defines an interval within which the 

measurement result falls. A common direct approach is the use of independent paired 

measurements with two separate sampling and analysis systems. In an indirect approach, the 

variations are evaluated separately for the individual intermediate steps of the applied 

measurement method (see also the factors mentioned above). To calculate the measurement 

uncertainty, an analytical equation ('method model equation') is needed that combines all 

contributing intermediate steps. Finally, the indirect approach leads to a combined uncertainty, 

which needs to be multiplied by a coverage factor to obtain an expanded uncertainty. The focus 

of the GUM is on the indirect approach but without excluding the direct approach [ 11, JCGM 

2008 ], [ 79, ISO 2008 ], [ 12, CEN 2007 ], [ 37, VDI 2009 ]. 

 

Examples of a direct approach are inter-laboratory comparisons where personnel from different 

laboratories and with different equipment measure the same substance/parameter at the same 

time. Compared to the GUM, this set-up also includes uncertainties due to sampling, equipment 

(e.g. DAHS (Data Acquisition and Handling System)) and human factors. However, the 

influencing factors do not vary at all or to a lower degree. For emissions to air, such inter-

laboratory comparisons have been carried out at specifically designed test benches. Experience 

shows that the measurement uncertainty obtained from such inter-laboratory comparisons is 

generally higher than the one obtained by using the GUM approach [ 265, INERIS 2016 ]. 

 

Requirements on maximum permissible measurement uncertainties may be found in standards 

or legislation. For this purpose, EN ISO 14956:2002 gives guidance to evaluate the suitability of 

a measurement procedure for ambient air and stack emission measurements by comparison with 

a required measurement uncertainty [ 268, CEN 2002 ]. 

 

For periodic measurements of emissions to air, maximum permissible measurement 

uncertainties are set for some SRMs (Table 3.3). 

 

 
Table 3.3: Maximum permissible expanded uncertainties of SRMs 

Parameter/substance(s) Standard 
Maximum permissible expanded 

uncertainty of SRM (
1
) 

Carbon monoxide (CO) EN 15058:2017 ° 6.0 % 

Dust EN 13284-1:2017 ° 20 % 

Gaseous chlorides EN 1911:2010 ° 30.0 % 

Nitrogen oxides (NOX) EN 14792:2017 ° 10.0 % 

Oxygen (O2) EN 14789:2017 ° 6.0 % (
2
) 

Sulphur oxides (SOX) EN 14791:2017 ° 20.0 % 

Water vapour EN 14790:2017 ° 20.0 % 
(1) The expanded uncertainty refers to a coverage factor of k = 1.96 and a confidence interval of 95 %. It is calculated 

on a dry basis (except for water vapour) and before correction to the reference oxygen level. In the case of oxygen 

and water, it applies at the measured value and is expressed as a percentage of that value; otherwise, it applies at the 

ELV level and is expressed as a percentage of that ELV.  

(2) Or 0.3 % as a volume concentration. 

NB: NS = not specified. 

Source: [ 71, CEN 2010 ], [ 72, CEN 2017 ], [ 73, CEN 2017 ], [ 74, CEN 2017 ], [ 75, CEN 2017 ], [ 181, CEN 

2017 ], [ 193, CEN 2017 ], [ 265, INERIS 2016 ]  

 

 

For continuous measurements of emissions to air, the measurement uncertainty is determined at 

two stages. For equipment certification, EN 15267-3:2007 requires that the total uncertainty of 

automated measurement systems (AMS) is at least 25 % below the maximum permissible 

uncertainty to allow for a sufficient margin for the uncertainty contribution from the individual 

installation of the AMS (see also Section 4.3.2.2.1 on quality assurance level 1 (QAL1)) [ 66, 

CEN 2007 ]. When the equipment is in operation, the measurement uncertainty is determined 

according to EN 14181:2014 via the variability, i.e. the standard deviation of the differences of 
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parallel measurements between the SRM and the AMS (see Section 4.3.2.2.2 on QAL2) [ 36, 

CEN 2014 ]. 
 

Examples of maximum permissible uncertainties in legislation can be found in the IED which 

sets requirements for AMS for the measurement of emissions to air from large combustion 

plants (Annex V, Part 3, point 9) and waste (co-)incineration plants (Annex VI, Part 6, 

point 1.3) (Table 3.4) [ 24, EU 2010 ]. The IED refers to values of the 95 % confidence intervals 

which, according to EN 14181:2014, correspond to expanded uncertainties [ 36, CEN 2014 ]. 
 

 

Table 3.4: Maximum permissible expanded uncertainties of AMS for large combustion plants 

and waste (co-)incineration plants in Annexes V and VI to the IED 

Parameter/substance(s) 
Maximum permissible expanded uncertainty of AMS (

1
) 

Large combustion plants Waste incineration plants 

Carbon monoxide (CO) 10 % 10 % 

Dust 30 % 30 % 

Hydrogen chloride (HCl) NA 40 % 

Hydrogen fluoride (HF) NA 40 % 

Nitrogen oxides (NOX) 20 % 20 % 

Sulphur dioxide (SO2) 20 % 20 % 

TVOC NA 30 % 
(1) The expanded uncertainties refer to a coverage factor of k = 1.96 and a confidence interval of 95 %. They apply at 

the ELV levels given in Annexes V (monthly ELVs) and VI (daily ELVs) to the IED and are expressed as a 

percentage of these ELVs. 
 

NB: NA = not applicable.  
 

Source: [ 24, EU 2010 ] 

 

 

For compliance assessment, the expanded uncertainty may be taken into account for each 

measurement result or for the average before comparing the value(s) with the ELV given in a 

permit. With respect to the comparison, there are different approaches in the Member States. 

For emissions to air, the most common approach is to subtract the measurement uncertainty 

from the result and to use the resulting value for further assessment. In general, it is good 

practice to describe if/how the measurement uncertainty is taken into account. 
 

In the IED, the measurement uncertainty is taken into account for emissions to air from large 

combustion plants (Annex V, Part 3, point 10) and waste (co-)incineration plants (Annex VI, 

Part 8, point 1.2). In both cases, validated average values are calculated by subtracting the 95 % 

confidence interval (i.e. the expanded uncertainty) from the measured average values [ 24, EU 

2010 ].  
 

The subtraction of the measurement uncertainty may lead to negative results. It is thus good 

practice to describe how to handle such data. For example, according to the Austrian ordinance 

on the measurement of emissions to air from boilers and gas turbines, validated average values 

(i.e. half-hourly average values after subtraction of the measurement uncertainty) which are 

negative have to be set as zero [ 42, AT 2011 ]. 
 

Generally, the relative measurement uncertainty, expressed as a percentage of the measured 

value, increases with decreasing emission levels [ 265, INERIS 2016 ]. 
 

Commission Implementing Decision 2012/119/EU on the collection of data and on the drawing 

up of BREFs stipulates in Section 5.4.7.2 that an indication of the measurement uncertainty 

should be included when submitting emission data during the data collection, where applicable. 

Moreover, Section 3.3 stipulates that rounded values may be used to define BAT-AEPLs 

including BAT-AELs in order to take into account technical issues such as the measurement 

uncertainty [ 39, EU 2012 ]. However, BAT-AEPLs in BAT conclusions are generally 

expressed without mentioning the measurement uncertainty. Nevertheless, information on the 

measurement uncertainty obtained during the data collection may be reported in the BREF (see 

for example the BREF for Large Combustion Plants (LCP BREF) [ 277, COM 2017 ]). 
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3.4.4.4 Limit of detection and limit of quantification 
 

Laboratories adhering to EN ISO/IEC 17025:2017 are required to validate non-standard 

methods, laboratory-developed methods and standard methods used outside their intended scope 

or otherwise modified as well as to determine their performance characteristics [ 1, CEN 2017 ]. 

Validation usually includes the determination of the limit of detection (LoD) and of the limit of 

quantification (LoQ). 
 

In the field of water analysis, there was no generic EN standard or specification in 2017 

defining LoD or LoQ. However, a definition is given in Directive 2009/90/EC laying down 

technical specifications for chemical analysis and monitoring of water status pursuant to the 

Water Framework Directive [ 40, EC 2009 ]: 
 

¶ Limit of detection means the output signal or concentration value above which it can 

be affirmed with a stated level of confidence that a sample is different from a blank 

sample containing no determinand of interest. 

¶ Limit of quantification  means a stated multiple of the limit of detection at a 

concentration of the determinand that can reasonably be determined with an acceptable 

level of accuracy and precision. The limit of quantification can be calculated using an 

appropriate standard or sample, and may be obtained from the lowest calibration point 

on the calibration curve, excluding the blank. 
 

Even though the monitoring of industrial waste water is not covered by Directive 2009/90/EC, 

the aforementioned definitions could be used in this context. 
 

For measurements of emissions to air, a similar but more general definition is given in 

EN 14793:2017 [ 27, CEN 2017 ]: 
 

¶ Limit of detection means the smallest measurand concentration which can be detected, 

but not quantified, in the experiment conditions described for the method; 

¶ Limit of quantification  means the smallest measurand concentration which can be 

quantified, in the experiment conditions described for the method. 
 

Further specifications are given in some individual standards (e.g. in EN 1948-3:2006 for the 

measurement of PCDD/PCDF emissions to air from stationary sources [ 41, CEN 2006 ]). 
 

There are several other terms in use, such as limit of determination, limit of application, 

practical reporting limit or demonstrability limit, but it appears that they are mostly used in the 

sense of limit of quantification (LoQ). 
 

Any measurement method applied should have an appropriate LoD/LoQ in relation to the 

emission level to be measured. In many cases, the LoD is required to be less than 10 % of the 

ELV in order to guarantee that the LoQ is clearly below the ELV. Some Member States have set 

stricter performance requirements, e.g. in France the LoQ should be less than 10 % of the ELV 

[ 133, FR 2013 ]. 
 

Directive 2009/90/EC for chemical analysis and monitoring of water status pursuant to the 

Water Framework Directive is an example of EU requirements in the field of water analysis, 

which is, however, not relevant for emissions from IED installations. The Directive requires that 

the LoQ for all methods of analysis shall be equal to or below a value of 30 % of the relevant 

environmental quality standards [ 40, EC 2009 ].  

 

The LoD and LoQ strongly depend on the performance of the laboratory and the possible 

modifications or adaptations to specific circumstances. For instance, for periodic measurements, 

the sampling time can be adapted and/or the analytical method can be chosen to reach an 

acceptable LoQ. Therefore, it is essential that, together with the measurement results, the LoD, 

and preferably also the LoQ, is reported. This allows a better use of data when assessing 

measurement results. 
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In that sense, Commission Implementing Decision 2012/119/EU on the collection of data and 

on the drawing up of BREFs specifies in Section 5.4.7.2 that the LoD and LoQ should be given 

as reference information accompanying emission data during the data collection, if available. 

Moreover, the aforementioned Decision stipulates in Section 3.3 that it is acceptable to use an 

expression of the type '< X to Y', when the lower end of the range cannot be accurately defined, 

e.g. when the data reported are close to the LoD [ 39, EU 2012 ]. 

 

If the LoQ is not known or not reported, it can be estimated as a multiple of the LoD, for 

example by multiplying the LoD given in the relevant (EN) standard by a factor of three. 

However, the use of laboratory-specific performance characteristics of the method is preferable. 

 

For the averaging of measurement results, the way in which values below the LoD or LoQ are 

taken into account needs to be defined. This implies also judging if the measured pollutant is 

relevant for the installation under investigation and therefore whether it may be present in the 

release. If the best available information indicates that a pollutant is not released, there is no 

need to measure that pollutant or report any data. If there are indications that the pollutant could 

be released, even if it is not detectable at present, the data should be reported and the LoD and 

the LoQ should be expressed. 

 

There are different ways to explicitly handle values below the LoD or LoQ, for example: 

 

¶ Article 5 of Directive 2009/90/EC for chemical analysis and monitoring of water status 

pursuant to the Water Framework Directive specifies the following rules for the 

calculation of average values [ 40, EC 2009 ]: 

o Where the amounts of physico-chemical or chemical measurands in a given sample 

are below the limit of quantification, the measurement results shall be set to half of 

the value of the limit of quantification concerned for the calculation of mean 

values. 

o Where a calculated mean value of the measurement results referred to in 

paragraph 1 is below the limits of quantification, the value shall be referred to as 

'less than limit of quantification'. 

o Paragraph 1 shall not apply to measurands that are total sums of a given group of 

physico-chemical parameters or chemical measurands, including their relevant 

metabolites, degradation and reaction products. In those cases, results below the 

limit of quantification of the individual substances shall be set as zero. 

¶ In Denmark, the approach of Directive 2009/90/EC is modified for the monitoring of 

industrial waste water in order not to lose useful information for pollutants with very 

low concentrations (e.g. organic micro-pollutants) [ 38, DK EPA 2012 ]: 

o If less than 10 % of all samples have concentrations above the LoD, no average 

will be calculated. 

o If more than 10 % but less than 50 % of all samples have concentrations above the 

LoD, the measurement result for all values below the limit of detection will be set 

as zero for the calculation of the average. 

o If 50 % or more of all samples have concentrations above the LoD, the 

measurement result for all values below the limit of detection will be set to half the 

value of the limit of detection for the calculation of the average. 

¶ For the reporting to the Scottish Pollutant Release Inventory, the measurement results 

should be set as zero when multiple results for a pollutant are all below the LoD and 

there is no other reason to believe that the pollutant is present. When there is reason to 

believe that a pollutant is present, the measurement results should be taken as half the 

value of the LoD. When some values are above the LoD and some are below, then those 

above the LoD should be taken as the measured values, unless it can be demonstrated 

that the measurements are false, and the readings below the LoD should be taken as half 

the value of the LoD [ 33, SEPA 2011 ]. 

¶ In France, for summing up and averaging measurement results for emissions to air, the 

individual result is taken as half the value of the LoQ for concentrations below the LoQ 

and as zero for concentrations below the LoD [ 133, FR 2013 ]. 
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In other Member States, there might be different approaches for taking the LoD and/or the LoQ 

into account when measurement results are averaged. Therefore, it is good practice to always 

report the approach taken together with the results. This also applies to average emission data 

submitted for the drawing up or review of BREFs. 

 

If relevant, it is useful to clearly state in the permit the necessary arrangements for dealing with 

values below the LoD or LoQ, if it is not stated elsewhere in the national regulation. This is 

particularly important in the case of ELVs expressed as calculated averages when the LoQ is not 

far below the ELV, as the approach may have an influence on the final result and the subsequent 

compliance assessment. 

 

 

3.4.4.5 Outliers 
 

ISO 5725-1:1994 defines an outlier as a member of a set of values which is inconsistent with the 

other members of that set [ 271, ISO 1994 ]. CEN/TR 15983:2010 gave a similar definition for 

the measurement of emissions to air whereby an outlier, also referred to as an invalid data point, 

is an observation that lies at an abnormal distance from other values in a set of data and 

therefore has a low probability of being a valid data point. CEN/TR 15983:2010 has been 

withdrawn [ 272, CEN 2010 ]. 

 

In this document (i.e. the ROM), outliers are understood as invalid data points for which the 

invalidity is rooted in the measurement. 

 

In the context of monitoring of emissions to air and water, two cases need to be distinguished. 

Outliers may occur in a series of data pairs when comparing the results of two different 

measurement methods, but also in a series of measurement data when using the same 

measurement method [ 273, CEWEP and ESWET 2016 ]. 

 

When comparing the results of two different methods, Grubbs' test is typically used to 

statistically determine outliers (e.g. for emissions to air in EN 14793:2017 [ 27, CEN 2017 ] and 

for emissions to water in DIN 38402-71:2002 [ 43, DIN 2002 ]). An outlier check is also 

required by EN 14181:2014 during the QAL2 procedure (see Section 4.3.2.2.2) [ 36, CEN 

2014 ]. Guidance for the determination of outliers to meet the requirements of EN 14181:2014 

is for example given in the Monitoring Quick Guide 14 [ 44, MCERTS 2012 ]. Grubbs' test is 

based on the assumption of a normal distribution of the dataset. This assumption should thus be 

checked before applying the test [ 274, NIST/SEMATECH 2017 ]. 

 

In a series of measurement data, the question is to determine whether an abnormal value is due 

to exceptional emissions or if it is an outlier due to the measurement [ 273, CEWEP and 

ESWET 2016 ]. As the operating conditions of a plant are not normally distributed [ 273, 

CEWEP and ESWET 2016 ], statistical tests alone will thus not be sufficient to identify outliers. 

 

A close analysis of the operating conditions is an important step for the identification of an 

outlier. Other actions for identifying potential outliers may include checking all concentrations 

against the preceding and following observations and against permits, and possibly taking past 

outliers in previous monitoring periods into account [ 3, COM 2003 ]. 

 

This check should generally be carried out by skilled staff, although automated procedures may 

also be put in place. However, strong variations in observations need to be examined by a 

skilled database operator [ 3, COM 2003 ].  

Errors during sampling or analysis are a common cause of deviating results when an operational 

cause for an abnormal value cannot be identified. In this case, the laboratory in question can be 

notified with reference to a critical revision of their performance and monitoring data [ 3, COM 

2003 ].  
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If an abnormal value is due to the measurement (i.e. it is an outlier as described above), it may 

be left out from the calculation of average concentrations, etc. and, finally, should be clearly 

distinguished from data related to normal or other than normal operating conditions when 

reported. 

 

The basis for the identification of an outlier, as well as all actual data, should always be reported 

to the competent authorities, but also during the data collection for the drawing up or review of 

BREFs. 
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3.5 Normal and other than normal operating conditions ï 
corresponding measurement conditions 

 

Article 3(13) of the IED defines emission levels associated with the best available techniques 

(BAT-AELs) as the range of emission levels obtained under normal operating conditions (NOC) 

using a best available technique or a combination of best available techniques, as described in 

BAT conclusions, expressed as an average over a given period of time, under specified 

reference conditions. Furthermore, Article 15(3) specifies that the competent authority shall set 

ELVs that ensure that, under normal operating conditions, emissions do not exceed the relevant 

BAT-AELs. Article 14(1)(f) gives examples of other than normal operating conditions 

(OTNOC) such as start-up and shutdown operations, leaks, malfunctions, momentary stoppages 

and definitive cessation of operations [ 24, EU 2010 ]. The aforementioned example conditions 

may be caused by regular and irregular events as well as planned and unplanned ones. 

 

Therefore, the operating conditions should be carefully considered when granting or updating 

permits. Moreover, Commission Implementing Decision 2012/119/EU stipulates in 

Section 2.3.7.2.4 that emission and consumption data used for the drawing up or review of 

BREFs will be qualified as far as possible with details of relevant operating conditions  

[ 39, EU 2012 ]. 

 

The linking of BAT-AELs to NOC does not imply that provisions for emissions under OTNOC 

could not be defined in the IED, permits and BAT conclusions. Indeed, Article 14(1)(f) of the 

IED requires permits to contain measures relating to OTNOC. Another example can be found in 

the IED, Annex VI, Part 3, point 2, concerning waste incineration plants, where it is stipulated 

that a certain ELV for total dust 'shall under no circumstances' be exceeded, which includes all 

operating conditions [ 24, EU 2010 ]. Moreover, Commission Implementing Decision 

2012/119/EU stipulates in Section 3.1 that BAT conclusions should address OTNOC when 

these are considered of concern with respect to environmental protection [ 39, EU 2012 ]. 

OTNOC should be particularly addressed if it is obvious that relevant environmental impacts 

can be expected, e.g. possible emissions of toxic substances or of high concentrations of 

odorous substances close to residential areas.  

 

In order to classify measurement results related to NOC or OTNOC, the operating conditions 

need to be documented in the measurement report, together with contextual information on the 

emission (e.g. reference conditions) and clearly linked to specific values if the complexity of the 

source(s) under investigation allows this. This implies that different NOC should be identified if 

they have an influence on the emissions, e.g. different process modes during production, 

different raw materials or fuels, plant operating at a specified load or capacity, batch processing 

or production. 

 

If the averaging of values is necessary, only the ones unambiguously related to comparable 

NOC or OTNOC should be included in the calculation. 

 

For continuous measurements, the monitoring results will cover both NOC and OTNOC. 

Therefore, criteria for the classification of the different operating conditions of the plant should 

be established beforehand, so that values can be averaged separately for NOC and, if necessary, 

also for OTNOC, as long as the results are within the defined (calibration) range. This ensures 

that the reported averages are only related to comparable operating conditions. 

 

For periodic measurements, operating conditions should already be taken into account when 

defining the measurement plan [ 45, CEN 2007 ], [ 46, CEN 2006 ]. If different NOC occur 

with significant differences in emissions, it is recommended to carry out periodic measurements 

that are representative of each distinguishable NOC, or at least representative of the one with the 

highest expected emissions (see also Sections 4.3.3.4 and 5.3.5.2). Whether periodic 

measurements are also deemed necessary for OTNOC will depend on the specific situation and 

the expected emissions. Ensuring representative periodic measurements under OTNOC may be 

a challenging task, in particular in the case of non-routine events. 
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Some examples (A, B, C and D) of how emissions can vary over time are given in Figure 3.2, 

where the horizontal axis (x-axis) represents the time and the vertical axis (y-axis) the emission 

level.  

 

 

 
Source: [ 3, COM 2003 ] 

Figure 3.2: Examples of how emission levels can vary over time 

 

 

In the examples given in Figure 3.2, NOC and OTNOC and the associated monitoring regime 

can be summarised as follows: 

 

¶ Process A represents a very stable process. It can be assumed that NOC are prevailing. 

The results of measurements will be similar, independent of when they are carried out. 

Periodic measurements with a minimum frequency might be sufficient. If the expected 

value is close to an ELV, continuous measurements might be advisable if not already 

required by the IED or national legislation. 

 

¶ Process B represents an example with alternating but stable high and low emission 

levels, which are typical for cyclic or batch processes. It can be assumed that the whole 

process represents NOC with two distinct emission levels. 

The monitoring approach chosen will depend on the duration of the distinct emission 

phases and the specific requirements of the permit.  

If continuous emission measurements are carried out, the overall average emission level 

or the emission level of each distinct phase can be easily quantified.  

If periodic measurements are carried out, it needs to be clarified in advance if the 

overall average emission level (e.g. for estimating loads) or the emission level of each 

distinct phase should be determined. It might be advisable to measure during the two 

different emission phases or, depending on the case, to measure only during the phase 

with the highest expected emission. 

Accordingly, BAT-AEPLs and/or ELVs may reflect this emission situation and an 

appropriate monitoring regime should be chosen. 
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¶ Process C represents a relatively stable process with occasional short but high peaks. A 

similar situation might consist of regular peaks which always occur after a certain 

measure, such as after the start-up of a process after the weekend. 

In these cases, it is necessary to assess if the peaks are caused by NOC or OTNOC. 

Also, the contribution of the peaks to the total emission and their potential 

environmental impact should be taken into account when defining monitoring 

requirements. 

Continuous measurements cover the peaks as well as intermediate periods and allow 

differentiation between NOC and OTNOC. But, depending on the duration of the peaks, 

it might also be sufficient to measure periodically under stable conditions and to 

measure only occasionally during peak times. This might require the shortening of the 

sampling duration. Whether the peaks need to be reflected in BAT conclusions and/or in 

permits depends on the relevance of the emission and on the qualification as NOC or 

OTNOC. 

 

¶ Process D represents a highly variable process which nevertheless probably represents 

NOC. It seems to be difficult to distinguish between NOC and OTNOC, although, after 

looking at the process, OTNOC might be identifiable. 

 

If the whole emission occurs under NOC, it is necessary to evaluate its contribution to the total 

emissions of the installation, and, provided that the contribution is significant, continuous 

measurements might be the only possible monitoring solution to cover all the emission 

variations.  

 

It is unlikely that periodic measurements would be used for emissions of such a process type. 

Only if the contribution to the total emission of the installation is very low, or if, despite the 

fluctuations, the emission levels are expected to be consistently below the ELV, might it be 

appropriate to develop a measurement plan which guarantees that measurements are carried out 

during periods of highest emission levels. 

 

A BAT-AEPL and/or an ELV for such a process should reflect the special conditions and be 

associated with an appropriate monitoring regime. 

 

As outlined above, different operating conditions or emission patterns will affect the monitoring 

regime. This will be covered in more detail in Section 4 for emissions to air and in Section 5 for 

emissions to water. 
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4 MONITORING OF EMISSIONS TO AIR 
 

4.1 Overview 
 

This chapter covers the monitoring of emissions to air including information on: 

 

¶ air pollutants (see Section 4.2); 

¶ continuous/periodic measurements (see Section 4.3); 

¶ surrogate parameters (see Section 4.4); 

¶ diffuse emissions (see Section 4.5); 

¶ odour (see Section 4.6); 

¶ biomonitoring (see Section 4.7); 

¶ costs (see Section 4.8). 

 

General aspects of monitoring are described in Chapter 3. 
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4.2 Air pollutants 
 

Table 4.1 gives some examples of definitions of air pollutants that are or could be used in BAT 

conclusions or permits. The definitions are subject to modification, according to the specifities 

of the BREF to be drawn up/reviewed or to the required permit conditions. 

 

 
Table 4.1: Examples of definitions of air pollutants 

Parameter/substance(s) Definition  

CO Carbon monoxide 

Dust Total particulate matter (in air) 

Gaseous chlorides Gaseous chlorides, expressed as HCl 

Gaseous fluorides Gaseous fluorides, expressed as HF 

H2S  Hydrogen sulphide 

Mercury and its 

compounds 
The sum of mercury and its compounds, expressed as Hg 

NH3 Ammonia 

NO Nitrogen monoxide 

NO2 Nitrogen dioxide 

NOX 
The sum of nitrogen monoxide (NO) and nitrogen dioxide (NO2), expressed 

as NO2 

Odour concentration 

Number of European odour units (ouE) in one cubic metre at standard 

conditions measured by dynamic olfactometry according to EN 13725 [ 52, 

CEN 2003 ] 

PCBs Polychlorinated biphenyls 

PCDDs/PCDFs Polychlorinated dibenzo-p-dioxins/dibenzofurans 

SO2 Sulphur dioxide 

SOX 
The sum of sulphur dioxide (SO2), sulphur trioxide (SO3) and sulphuric 

acid aerosols, expressed as SO2 

TVOC Total volatile organic carbon, expressed as C 

VOC 

Volatile organic compound; defined in Directive 2010/75/EU [ 24, EU 

2010 ] as any organic compound as well as the fraction of creosote, having 

at 293.15 K a vapour pressure of 0.01 kPa or more, or having a 

corresponding volatility under the particular conditions of use  

 

 

Information on specific monitoring aspects for the most common air pollutants including on the 

measurement principles is provided in Section 4.3.2.4 for continuous measurements and in 

Section 4.3.3.10 for periodic measurements. 
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4.3 Continuous/periodic measurements 
 

4.3.1 Continuous versus periodic measurements 
 

Continuous measurements are carried out with an automated measuring system (AMS) which is 

permanently installed on site for the continuous monitoring of emissions ([ 36, CEN 2014 ]). 

Periodic measurement is defined as the determination of a measurand at specified time intervals 

([ 45, CEN 2007 ]). 

 

Table 4.2 provides an overview of important characteristics of continuous and periodic 

measurements, including advantages and disadvantages. 

 

 
Table 4.2: Important characteristics of continuous and periodic measurements 

Characteristic Continuous measurement Periodic measurement 

Sampling period 

Measurement covers all or most of 

the time during which substances are 

emitted 

Snapshots of the long-term emission 

pattern 

Speed Almost always real-time results 

Real-time results if instrumental 

analysers are used; delayed results if a 

manual method with a laboratory end-

method is used 

Averaging of results 

Results continuously gathered and 

can be averaged over a given period, 

e.g. 30 minutes, 1 hour or 24 hours 

Results over the sampling period, 

typically 30 minutes to several hours 

Calibrat ion and 

traceability  

AMS require calibration against a 

standard reference method (SRM) (
2
) 

and adjustment with certified 

reference materials in the 

maintenance interval 

Standard reference methods can be 

used for periodic measurements; these 

can be manual or automated methods 

Accreditation 

Quality assurance of the calibration 

and maintenance of AMS according 

to EN 14181:2014 [ 36, CEN 2014 ] 

and EN ISO/IEC 17025:2017 [ 1, 

CEN 2017 ] 

Quality assurance for periodic 

measurements according to 

EN ISO/IEC 17025:2017 [ 1, CEN 

2017 ]  

Certification of 

equipment 

Certification of equipment available 

(see Section 4.3.2.2.1) 

Certification of portable equipment 

available 

Investment costs (
1
) 

Higher than the costs of periodic 

monitoring equipment 
Lower than the costs of AMS 

Operating costs (
1
) 

Normally higher than the costs of 

periodic measurements, in particular 

if it includes QAL2, QAL3, AST, etc. 

(see Section 4.3.2.2.2) 

Normally lower than the costs of AMS 

(1) For detailed information on costs see Section 4.8 and Annex A.5. 
(2) An alternative method (AM) can be used for calibration where the equivalence has been demonstrated in 

accordance with EN 14793:2017 [ 27, CEN 2017 ]. 
 

Source: [ 34, MCERTS 2017 ]. 
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In addition to Table 4.2, when deciding whether to use continuous or periodic measurements, 

the following aspects may be taken into consideration [ 3, COM 2003 ]: 

 

¶ the environmental relevance of the emission; 

¶ the environmental risk associated with the exceedance of an ELV (see Section 3.3.1); 

¶ the variability of the emission levels, in particular if they are close to an ELV (see 

Section 3.5); 

¶ legal requirements (e.g. in national legislation, the IED, BAT conclusions); 

¶ local conditions (e.g. air quality standards); 

¶ the availability and reliability of equipment (e.g. continuous measurements might not be 

feasible under certain conditions such as high water vapour or dust contents in the waste 

gas); 

¶ the required measurement uncertainty; 

¶ the need to continuously monitor and/or control the operating conditions including the 

pollution abatement system; 

¶ the perception of the public. 

 

The IED requires continuous measurements for some activities, e.g. in Annex V, Part 3, for 

large combustion plants with a total rated thermal input of 100 MW or more (e.g. for SO2, NOX 

and dust) and in Annex VI, Part 6, for waste incineration plants (e.g. for NOX, provided that 

ELVs are set, and for CO, total dust, TOC, HCl, HF and SO2). In both cases, the IED includes 

provisions that specify under which circumstances continuous measurements may be replaced 

by periodic measurements [ 24, EU 2010 ]. 

 

In some Member States (e.g. Belgium (Flanders) [ 57, BE (Flanders) 2014 ], Denmark  

[ 58, DK 2002 ], France [ 60, FR 2016 ], Germany [ 61, DE 2002 ]) and Portugal  

[ 137, PT 1993 ]), generic mass flow thresholds are used to decide if continuous measurements 

are required. In general, it is assumed that below these thresholds periodic measurements are 

sufficient, unless the conditions of the individual case require a different approach. Some 

examples of such mass flow thresholds for the most common pollutants are given in Annex A.3, 

Table 7.4. 

 

In other Member States (e.g. in the Netherlands and the United Kingdom), a risk-based 

approach is used that considers the increase in emissions upon failure of abatement equipment 

as a basis for requiring continuous measurements or filter leak monitoring [ 4, NL 2012 ]. 

 

A mass flow threshold for installations and activities using organic solvents is also defined in 

Annex VII, Part 6 of the IED: Channels to which abatement equipment is connected and which 

at the final point of discharge emit more than an average of 10 kg/h of TOC are required to use 

continuous monitoring [ 24, EU 2010 ]. 

 

Decisions on BAT conclusions regarding monitoring in the BREFs are based on the practices in 

the industrial sector(s) concerned and the information provided. The aforementioned aspects and 

examples might help to decide whether it is more appropriate to monitor continuously or 

periodically.  
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4.3.2 Continuous measurements 
 

4.3.2.1 Generic EN standards  
 

Table 4.3 lists general EN standards relevant for continuous measurements of emissions to air. 

One of them is also related to ambient air measurements. 
 

For the general use of EN standards and other standardised methods see Section 3.4.3. 
 

 

Table 4.3: Generic EN standards relevant for continuous measurements of emissions to air 

Standard Title  

EN ISO 9169:2006 
Air quality - Definition and determination of performance 

characteristics of an automatic measuring system (ISO 9169:2006) 

EN 14181:2014 
Stationary source emissions - Quality assurance of automated 

measuring systems 

EN 15259:2007 

Air quality - Measurement of stationary source emissions - 

Requirements for measurement sections and sites and for the 

measurement objective, plan and report 

EN 15267-1:2009 
Air quality - Certification of automated measuring systems - Part 1: 

General principles 

EN 15267-2:2009 

Air quality - Certification of automated measuring systems - Part 2: 

Initial assessment of the AMS manufacturer's quality management 

system and post certification surveillance for the manufacturing 

process 

EN 15267-3:2007 

Air quality - Certification of automated measuring systems - Part 3: 

Performance criteria and test procedures for automated measuring 

systems for monitoring emissions from stationary sources 

 

 

EN ISO 9169:2006 provides definitions and specifies methods to determine the performance 

characteristics of AMS for ambient air and stack emission measurements. Tests are carried out 

under stable laboratory conditions or field conditions. The standard applies to measuring 

systems for which it is possible to apply several reference materials with accepted values with 

known uncertainty for the measurand, within the range of application [ 267, CEN 2006 ]. 
 

EN 14181:2014 defines quality assurance procedures for AMS in operation, namely the 

calibration and validation which represents quality assurance level 2 (QAL2), the ongoing 

quality assurance during operation which represents QAL3, and the annual surveillance test 

(AST) (see Section 4.3.2.2.2) [ 36, CEN 2014 ]. In conjunction with this standard, more specific 

EN standards for AMS are available for some pollutants/parameters such as dust [ 62, CEN 

2017 ], mercury [ 232, CEN 2005 ] and methane [ 233, CEN 2010 ], as well as velocity and 

volume flow rate [ 234, CEN 2013 ]. 
 

EN 15259:2007 applies mainly to periodic emission measurements, but it also specifies a 

procedure for finding the best available sampling point for AMS (see Section 4.3.2.3) [ 45, CEN 

2007 ]. 
 

EN 15267, Parts 1 to 3 describe the certification of AMS, also referred to as the suitability 

evaluation, which constitutes quality assurance level 1 (QAL1). The certification procedure is 

carried out before the AMS is installed at the emission source (see Section 4.3.2.2.1) [ 64, CEN 

2009 ] [ 65, CEN 2009 ] [ 66, CEN 2007 ]. 
 

In 2017, a working group of the Technical Committee CEN/TC 264 'Air quality' was working 

on a series of new EN standards on the quality assurance of data received by data acquisition 

and handling systems (DAHS) from AMS that are used to monitor emissions from stationary 

sources. This EN series is expected to specify requirements for the handling and reporting of 

data (Part 1), for DAHS (Part 2) and for the performance tests and certification of DAHS 

(Part 3) [ 78, CEN 2017 ]. 



Chapter 4 

38 Monitoring of Emissions to Air and Water from IED Installations  

4.3.2.2 Quality assurance 
 
4.3.2.2.1 Certification 

 

QAL1  is a procedure defined in EN 15267, Parts 1 to 3, and referred to in EN 14181:2014, to 

demonstrate that an AMS is suitable for its intended purpose before installation on site [ 36, 

CEN 2014 ]: 

 

¶ EN 15267-1:2009 specifies general principles, including common procedures and 

requirements of the certification [ 64, CEN 2009 ]. 

¶ EN 15267-2:2009 specifies requirements for the manufacturer's quality management 

system, the initial assessment of the manufacturer's production control, and the 

continuing surveillance of the effect of subsequent design changes on the performance 

of a certified AMS [ 65, CEN 2009 ]. 

¶ EN 15267-3:2007 specifies the performance criteria and test procedures for AMS [ 66, 

CEN 2007 ]. 

 

The QAL1 suitability test is a complex procedure, divided into a laboratory and a field testing 

phase [ 28, DE UBA 2008 ], [ 66, CEN 2007 ]. Manufacturers of measuring instruments 

normally commission third parties to carry out the suitability tests to obtain the certification. In 

2017, the suitability tests in Europe were carried out or coordinated by the following 

organisations: 

 

¶ Monitoring Certification Scheme of the Environment Agency of England (MCERTS); 

¶ TÜV Rhineland and German Federal Environment Agency (UBA). 

 

The suitability tests include a certification range, which is the range over which the AMS has 

been certified. The certification range is related to the ELVs given in relevant EU directives of 

the processes for which the AMS will be used. For example, EN 15267-3:2007 states that the 

certification range shall be no greater than 1.5 times the daily ELV for waste incineration plants 

and 2.5 times the daily ELV for large combustion plants [ 66, CEN 2007 ],  

[ 67, MCERTS 2015 ]. When an ELV changes, an existing AMS may no longer fulfil the 

requirements for the certification range. This generally requires an assessment to ascertain if the 

AMS is still fit for purpose. 

 

A certified AMS meets a number of performance standards including the maximum expanded 

uncertainty according to the requirements given in the IED, Annexes V and VI. 

EN 15267-3:2007 requires that the total uncertainty is at least 25 % below the maximum 

permissible uncertainty to allow for a sufficient margin for the uncertainty contribution from the 

individual installation of the AMS in order to successfully pass QAL2 and QAL3 of 

EN 14181:2014 (see Section 4.3.2.2.2). The standard also requires that the limits of 

quantification for dust and gaseous compounds except oxygen which are determined in 

laboratory tests are Ò 8 % of the upper limit of the certification range [ 66, CEN 2007 ]. 

 

Older AMS (e.g. before 2007) might not be able to fulfil the criteria of EN 15267 [ 256, 

CONCAWE 2013 ]. 

 

For the measurement of emissions to air, certified AMS are available for the pollutants and 

peripheral parameters listed in Annex A.1, Table 7.2. 

 

Continuously measured emission data need to be stored and further processed. A variety of 

systems are used for this purpose, with a clear preference for automatic data loggers, which 

might also be able to communicate with a remote central processing unit. There are also 

certified digital data transfer and evaluating systems available [ 129, DE UBA and TÜV 2018 ], 

[ 138, MCERTS 2018 ], which are not included in Table 7.2. 
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For the certification of continuous dust arrestment plant monitors, EN 15859:2010 provides 

performance criteria and test procedures. Two types of dust arrestment plant monitors are 

covered by this standard [ 63, CEN 2010 ]: 

 

¶ a filter dust monitor which can be calibrated in mass concentration units (e.g. in mg/m
3
) 

and used for dust arrestment control purposes; 

¶ a filter leakage monitor, which indicates a change in the emission level or a change in 

the magnitude of the dust pulses created by the cleaning process. 

 

Continuous dust measurements certified according to EN 15859:2010 may be used in cases, 

when only qualitative monitoring of the arrestment plants is needed, as an alternative to the 

more expensive quantitative AMS, even if the measurements made by these dust monitors do 

not necessarily fulfil all the requirements of EN 14181:2014. 

 

The output signal of a filter leakage monitor, as referred to above, may be used as an indicative 

surrogate parameter (see Section 4.4.1.1). 
 

 

4.3.2.2.2 Quality assurance in operation 

 

EN 14181:2014 describes procedures for the quality assurance levels QAL2 and QAL3 as well 

as the annual surveillance test (AST) for AMS in operation [ 36, CEN 2014 ]. 

 

QAL2  as defined in EN 14181:2014 involves testing laboratories that are accredited (see 

Sections 3.4.1 and 3.4.2) or approved directly by the relevant competent authority. The QAL2 

tests are performed after the AMS has been installed. A calibration function is established from 

the results of a number of real emission measurements performed in parallel with the AMS and 

the standard reference method (SRM). The variability of the measured values obtained with the 

AMS is subsequently evaluated against the maximum permissible measurement uncertainty 

[ 36, CEN 2014 ]. 

 

The SRMs are defined in specific EN standards (see Annex A.1, Table 7.2). An alternative 

method (AM) can be used if  equivalency has been demonstrated in accordance with 

EN 14793:2017 [ 27, CEN 2017 ]. 

 

The QAL2 procedure needs to be repeated periodically at least every five years. More frequent 

repetitions may be required by legislation, by the competent authority or after major changes of 

the AMS or of the process/operating conditions. QAL2 comprises at least 15 parallel 

measurements with the AMS and the SRM (or AM) under normal operating conditions. 

EN 14181:2014 does not allow the use of reference materials alone to obtain the calibration 

function because they do not sufficiently replicate the waste gas matrix. The measurements are 

performed within a period of four weeks and are uniformly spread both over at least three days 

and over each of the measuring days. In general, the concentrations during the calibration 

should vary as much as possible within the normal operating conditions of the plant. If normal 

operating conditions consist of distinct operating modes (e.g. use of different fuels, manufacture 

of different products), the need for additional calibrations has to be checked [ 36, CEN 2014 ]. 

 

As the QAL2 procedure is based on real emission measurements, the resulting calibration 

range is different from the certification range (e.g. it might be lower or higher). EN 14181:2014 

contains provisions that specify the extent to which the valid calibration range may be extended 

above the highest measured value obtained during calibration. The measuring range is the 

range at which the AMS is set to operate during use. National competent authorities usually 

require that the measuring range encompasses the maximum short-term ELV. The measuring 

range can be different from the certification range (e.g. it might be lower or higher). For 

measurements outside the valid calibration range, EN 14181:2014 stipulates that the calibration 

curve should be extrapolated. If greater confidence in the performance of the AMS at the ELV 
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is required when the plant is emitting outside its calibration range, reference materials should be 

used during calibration to confirm the suitability of the linear extrapolation [ 36, CEN 2014 ]. 

The calibration of an AMS is generally difficult when the emission levels are close to the limit 

of quantification. In 2016, INERIS reported cases where clouds of data points resulted in 

calibration lines with poor regression coefficients or even negative slopes [ 265, INERIS 2016 ]. 

As the possibilities to vary the operating conditions of the plant are often limited, 

EN 14181:2014 provides for the possibility to use reference materials if there are limited 

variations in the parallel measurement results and the measured concentrations are well below 

the ELV [ 36, CEN 2014 ]. However, such reference materials are not available for dust 

measurements [ 265, INERIS 2016 ]. Options on how to proceed in such cases are described in 

a Technical Guidance Note of the Environment Agency of England [ 67, MCERTS 2015 ]. 
 

QAL3, as defined in 14181:2014, describes a frequent quality assurance procedure to maintain 

and demonstrate the required quality of the AMS during its normal operation. The 

implementation and performance of the QAL3 procedure is the responsibility of the plant 

operator. In contrast to QAL1 and QAL2, QAL3 does not require an accredited or approved 

laboratory to carry out the procedures. The aim of the QAL3 procedure is to ensure that the 

AMS is maintained in the same operational condition compared to its installation and 

calibration during the QAL2 procedure. This is achieved by confirming that the drift and 

precision determined during certification (i.e. QAL1) remain under control [ 36, CEN 2014 ]. 
 

The QAL3 procedure requires regular and ideally frequent measurements at zero and span 

points using reference materials of known quantity and quality. Control charts are used which 

plot the zero and span readings against the time. Depending on the type of control chart, the 

drift and precision of the AMS are determined either combined or separately. This allows 

identification of when an adjustment or maintenance is necessary (e.g. by the manufacturer) 

[ 36, CEN 2014 ]. 
 

The required frequency of the QAL3 procedure is at least once within the period of the 

maintenance interval which is defined during certification (i.e. QAL1), typically between eight 

days and one month. Some AMS have much longer maintenance intervals (e.g. from three to six 

months) offering the benefits of a proven long-term stability and of a higher availability for 

monitoring, as span measurements can be time-consuming [ 36, CEN 2014 ].  
 

The AST (annual surveillance test) involves testing laboratories that are accredited (see 

Sections 3.4.1 and 3.4.2) or approved directly by the relevant competent authority. It is an 

annual procedure to test the AMS in order to evaluate (i) that it functions correctly and its 

performance remains valid and (ii) that its calibration parameters remain as previously 

determined (i.e. during QAL2). In general, an AST consists of a functional test and at least five 

parallel measurements between the AMS and the SRM (or AM). The measured data are used in 

a test of the variability and the calibration function of the AMS [ 36, CEN 2014 ].  
 

 

4.3.2.3 Measurement/Sampling site, section, plane and point 
 

The following terms are frequently used [ 45, CEN 2007 ], [ 102, MCERTS 2016 ]: 
 

¶ Measurement/sampling site (also referred to as measurement/sampling location): 
The place at the waste gas duct in the area of the measurement plane(s) where the 

measurements or the sampling are carried out. It consists of structures and technical 

equipment, for example working platforms, measurement ports and energy supply. 

¶ Measurement/sampling section: The region of the waste gas duct which includes the 

measurement plane(s) and the inlet and outlet sections. 

¶ Measurement/sampling plane: The plane normal to the centreline of the duct at the 

sampling position. 

¶ Measurement/sampling point:  The position in the measurement plane of the waste gas 

duct at which the measurement data are obtained directly or the sample stream is 

extracted. 
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EN 14181:2014 requires that the working platform of an AMS is easily accessible, clean, well 

ventilated, well lit and in accordance with EN 15259:2007. Suitable protection for the personnel 

and the equipment is required if the working platform is exposed to the weather [ 36, CEN 

2014 ]. According to EN 15259:2007, the working platform shall have a sufficient load-bearing 

capacity and shall provide sufficient working space (i.e. area and height) to manipulate the AMS 

[ 45, CEN 2007 ]. 

 

Continuous measurements are usually restricted to measurement/sampling at a single point or 

along a single line of sight. EN 15259:2007 requires that these measurement/sampling points 

are located in a position that allows representative measurement/sampling of the emission. For 

this purpose, the standard provides a procedure to determine the best available 

measurement/sampling point based on grid measurements (see also Section 4.3.3.6) [ 45, CEN 

2007 ].  

 

 

4.3.2.4 Analysis 
 
4.3.2.4.1 Extractive and non-extractive AMS 

 

In general, two different kinds of AMS are available for the continuous measurement of 

emissions: extractive and non-extractive AMS. For most of the parameters listed in Table 7.2 

both types of AMS are available. 

 

In the case of an extractive AMS, a gas sample is taken from the main gas stream by a 

sampling system and sent to the measurement device, which is physically separated from the 

sampling point (Figure 4.1). This requires suitable sampling equipment, but allows, if necessary, 

a special treatment of the sampled gas stream. In general, the sampling path should be kept as 

short as possible, to enable short response times and to avoid possible sample losses. All gas 

sampling lines and components of the measurement device are made of suitable material; on the 

one hand to prevent corrosion and on the other hand to avoid reactions between these materials 

and the measured component. Probes, filters and sample gas tubing, up to the sample gas cooler 

(if used for condensate separation), are heated to above the dew point temperature [ 28, DE 

UBA 2008 ]. 

 
 

 
Source: [ 253, INERCO 2012 ] 

Figure 4.1: Example of an extractive sampling device 
 

 

In the case of a non-extractive AMS, the measurement device is installed across the stack in 

the gas stream or in a part of it (in situ measurement). Therefore, no extractive sampling is 

necessary. In principle, a non-extractive AMS is more prone to interferences from other waste 

gas components than an extractive AMS, as there is usually little or no sample pretreatment. For 

example, a high humidity in the waste gas stream may require the use of an extractive AMS. 

Because the measurements are carried out in wet conditions and at the operating temperature in 

the stack, this needs to be considered in the data processing. 
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4.3.2.4.2 Methods of certified AMS 

 

Methods of certified AMS for the most common air pollutants are summarised in Table 4.4. 

More detailed information can be found in Annex A.1, Table 7.2. 

 

 
Table 4.4: Methods of certified AMS for the most common air pollutants 

Pollutant Monitoring methods Remarks 

Ammonia (NH3) 
FTIR, NDIR with GFC, 

TDL 

ISO 17179:2016 specifies the fundamental structure and 

the most important performance characteristics of 

automated measuring systems (AMS) for ammonia [ 262, 

ISO 2016 ]. 

Carbon monoxide 

(CO) 
FTIR, NDIR ð 

Dust 

Light attenuation or 

scattering, triboelectric 

effect (i.e. the probe 

electrification induced by 

dust particles) 

EN 13284-2:2017 defines specific quality assurance 

requirements related to AMS for dust [ 62, CEN 2017 ]. 

In 2017, no certified AMS was available for the 

continuous measurement of particle-size distributions. 

Hydrogen chloride 

(HCl) 

FTIR, NDIR with GFC, 

TDL 

In 2012, the European Commission issued a mandate to 

CEN to prepare a new European standard to measure 

gaseous hydrogen chloride by an automated method 

including on specific quality assurance requirements 

[ 250, COM 2012 ]. 

Hydrogen fluoride 

(HF) 
FTIR, TDL ð 

Methane (CH4) FID, FTIR, NDIR 

EN ISO 25140:2010 defines the principle, the essential 

performance criteria and specific quality assurance 

requirements related to AMS for methane [ 233, CEN 

2010 ]. 

Mercury (Hg) AAS, DOAS 

EN 14884:2000 defines specific quality assurance 

requirements related to AMS for total gaseous mercury 

measurements [ 232, CEN 2005 ]. For more details on 

continuous mercury measurements, see Section 4.3.2.4.3. 

Metals and their 

compounds 
ð Certified AMS were only available for mercury (Hg). 

Nitrogen oxides (NOX) 

Chemiluminescence, 

FTIR, NDIR, NDUV, 

DOAS 

AMS for measuring NO and NO2 separately were also 

available. 

Polycyclic aromatic 

hydrocarbons (PAHs) 
ð No certified AMS was available in 2017. 

PCDDs/PCDFs and 

dioxin-like PCBs 
ð 

In 2017, certified systems were only available for 

continuous isokinetic sampling. 

Sulphur dioxide (SO2) 
FTIR, NDIR, NDUV, 

DOAS 
ð 

Sulphur oxides (SOX) ð 

No certified AMS was available in 2017. A typical option 

is to continuously measure SO2 and to apply a correction 

factor that takes into account the contribution of sulphur 

trioxide and sulphuric acid aerosols. The correction factor 

may be determined by periodic measurements of SOX, 

e.g. at the time of calibrating the continuous measurement 

device. 

Total volatile organic 

carbon (TVOC) 
FID 

PIDs are not used for continuous measurements due to the 

high variability of response factors and to difficulties with 

sample conditioning [ 231, MCERTS 2016 ]. 

NB: AAS = atomic absorption spectrometry; DOAS = differential optical absorption spectroscopy; FID = flame 

ionisation detection; FTIR = Fourier transform infrared spectrometry; GFC = gas filter correlation; NDIR = non-

dispersive infrared spectrometry; NDUV = non-dispersive UV spectrometry; PID = photo ionisation detector; TDL = 

tunable diode laser absorption spectrometry. 
 

Source: [ 104, MCERTS 2018 ], [ 129, DE UBA and TÜV 2018 ] 
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4.3.2.4.3 Continuous mercury measurements 

 

Continuous measurements of total gaseous mercury are based on extractive gas sampling, 

filtration, conversion, possibly amalgamation, and measurement (e.g. with atomic absorption 

spectrometry (AAS) or atomic fluorescence spectrometry (AFS)). Sample gas conditioning 

plays a special role, as AAS and AFS only detect metallic mercury. Other volatile mercury 

compounds, mainly mercury chlorides (Hg2Cl2/HgCl2), are thus reduced to metallic mercury 

prior to analysis. This is either achieved by wet chemical reduction (e.g. with tin chloride 

solution) or by dry reduction with converters at low (~ 250 °C) or high (~ 700 °C) temperatures. 

Any particle-bound mercury is not included in the result [ 198, Boneß and Greiter 2011 ], [ 199, 

UNEP 2015 ], [ 220, Laudal 2015 ]. 

 

Given that mercury measurements in waste gases require a more advanced sample conditioning 

and may need to be carried out in concentration ranges of < 1 µg/m
3
 to 10 µg/m

3
, the 

requirements on an AMS are comparatively high [ 198, Boneß and Greiter 2011 ].  

 

 

4.3.2.5 Reference/Standard conditions 
 
4.3.2.5.1 Overview 

 

BAT-AELs as defined in Article 3(13) of the IED refer to specified reference conditions, but the 

IED does not provide a definition of the term reference conditions [ 24, EU 2010 ]. 

EN 14181:2014 defines standard conditions as those conditions to which measured values have 

to be standardised to verify compliance with ELVs [ 36, CEN 2014 ]. 

 

In the context of the IED and the BREFs, the terms reference conditions and standard conditions 

are often used in the same sense and are thus interchangeable. This usually means that the 

measured emission concentrations are converted to a temperature of 273.15 K and a pressure of 

101.3 kPa after the deduction of the water vapour content (thereby referring to dry gas). In many 

cases, the standard conditions also include a reference oxygen level (e.g. for flue-gases from 

combustion or incineration processes).  

 

In non-IED related contexts, other definitions of the terms reference/standard conditions might 

apply. For example, the standard conditions defined by IUPAC exclusively address the 

temperature (273.15 K) and the pressure (100 kPa) [ 275, IUPAC 2017 ]. 

 

In order to compare emission levels to air, it is generally necessary to convert them to standard 

conditions. In most cases, this involves the correction for the temperature, the pressure and the 

water vapour content. 

 

The correction for the oxygen content is usually carried out in the case of combustion and 

incineration processes in order to account for the dilution of the waste gas that is caused by the 

combustion air. The reference oxygen levels differ from one process/sector to another. On the 

other hand, emission levels in waste gases from non-combustion processes are generally not 

corrected to a reference oxygen level. Examples for the latter include the BAT-AELs for 

emissions of chlorine and chlorine dioxide in the BREF for the Production of Chlor-alkali 

(CAK BREF) [ 140, COM 2014 ], for emissions from non-kiln activities in the BREF for the 

Production of Cement, Lime and Magnesium Oxide (CLM BREF) [ 183, COM 2013 ], for 

emissions from non-melting activities in the BREF for the Manufacture of Glass (GLS BREF) 

[ 182, COM 2013 ], and for emissions from sources other than particle board and oriented 

strand board dryers in the BREF for the Production of Wood-based Panels (WBP BREF) [ 195, 

COM 2016 ]). 

 

While the emission levels of thermal oxidisers treating oxygen-free waste gas streams may be 

reasonably related to a reference oxygen level, this practice is normally not meaningful in the 

case of high-oxygen or air-rich streams. In the latter case, the amount of supplementary fuel 
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added to ensure a minimum reaction temperature for reliable pollutant destruction is very small. 

Depending on the waste gas preheat level, this will lead to residual oxygen levels that are so 

high that large correction factors will need to be applied (e.g. > 10) even if a high reference 

oxygen level is set (e.g. 11 vol-%) [ 276, VDI 2014 ]. 

 

Several documents provide information on the calculations necessary to convert the measured 

mass concentration and the measured flue-gas volume to standard conditions [ 30, NL InfoMil 

2012 ], [ 34, MCERTS 2017 ], [ 45, CEN 2007 ]. The equation for calculating the emission 

concentration at the reference oxygen level is given in the IED and in many BAT conclusions 

[ 24, EU 2010 ]: 

 

Equation 4.1: M
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where  ER =  emission concentration at the reference oxygen level OR; 

OR =  reference oxygen level (vol-%); 

EM =  measured emission concentration; 

OM =  measured oxygen level in (vol-%).  

 

The equation implies that errors in the measured oxygen level OM will have a higher impact on 

the resulting emission concentration at the reference oxygen level ER if the measured oxygen 

level OM is higher. 

 

When calculating emission rates, for example in kg/h, different temperature, pressure, oxygen 

and water vapour levels do not affect the calculated result, provided that the mass concentration 

(e.g. in mg/m
3
) and the volume flow rate (e.g. in m

3
/h) are expressed at the same conditions. 

Therefore, no conversion to standard conditions is needed for the calculation of emission rates 

[ 34, MCERTS 2017 ], [ 45, CEN 2007 ]. 

 

 
4.3.2.5.2 Specific considerations for continuous measurements 

 

As laid out above in Section 4.3.2.5.1, the continuous measurement of a pollutant often requires 

the simultaneous continuous measurement of peripheral parameters, also referred to as reference 

quantities, such as temperature, pressure, oxygen level and water vapour content (see for 

example IED Annexes V and VI [ 24, EU 2010 ]). EN 14181:2014 defines a peripheral AMS as 

an AMS used to gather the data required to convert the AMS measured value to standard 

conditions. The measurement uncertainty of the peripheral AMS contributes to the measurement 

uncertainty of the pollutant measured with the AMS [ 36, CEN 2014 ]. 

 

 

4.3.2.6 Data treatment 
 

An AMS provides short-term data. The response time ranges from about 5 seconds up to a 

maximum of 200 seconds for particulate matter and gaseous compounds, except for NH3, HCl 

and HF for which the response time may be as high as 400 seconds [ 66, CEN 2007 ]. 

EN 14181:2014 defines the response time as the time interval between the instant of a sudden 

change in the value of the input quantity to an AMS and the time from which the value of the 

output quantity is reliably maintained above 90 % of the correct value of the input quantity [ 36, 

CEN 2014 ]. 

 

Averaging periods usually vary from 10 to 60 minutes, depending on the permit requirements. 

Most commonly, half-hourly or hourly averages are calculated. In the same way, data from 

peripheral measurements (e.g. oxygen, water vapour) are averaged and the half-hourly or hourly 

averages of the pollutant concentrations are converted to the corresponding standard conditions 

(see Section 4.3.2.5). 
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In some cases, the measurement uncertainty is subtracted from the standardised half-hourly or 

hourly results to obtain validated averages. Negative validated averages are usually accounted 

for as equivalent to zero (see Section 3.4.4.3). Based on these validated averages, other averages 

such as daily, monthly or yearly averages can be calculated and used for further assessment. 

 

 

4.3.2.7 Reporting 
 

The measurement report usually includes:  

 

¶ the results of the calibration (QAL2 report) and of the annual surveillance test (AST 

report) of the AMS as described in EN 14181:2014 (see Section 4.3.2.2.2) [ 36, CEN 

2014 ]; 

¶ the measurement results, including reference conditions (temperature, oxygen, water 

vapour, pressure) and operating conditions.  

 

It is good practice to report measurement results on a daily, monthly and/or yearly basis, 

depending on the specific requirements set by the permit. The daily and/or monthly reports 

should contain sufficient data to serve as background information to the yearly report. In 

particular, to allow a full assessment of the daily/monthly/yearly emissions, it is advisable that 

the reports contain at least the following data: 

 

¶ data related to the daily operating conditions and hours indicating normal and other than 

normal operating conditions; 

¶ half-hourly/hourly averages, standardised half-hourly/hourly averages and validated 

half-hourly/hourly averages of the specific day (or for any other required averaging 

period); 

¶ frequency distribution of the half-hourly/hourly, daily and/or monthly averages for the 

calendar year; 

¶ declaration of measurement results related to special (operating) conditions, with an 

indication of the event; 

¶ indication of the measurement results outside the valid calibration range and data 

related to the validity of the calibration function; 

¶ date and duration of power outages of the AMS; 

¶ date and duration of times for testing and maintenance of the AMS. 

 

Under certain conditions, measurement results/reports are made publicly available, for example 

according to IED Article 24(3)(b) [ 24, EU 2010 ]. 

 

 

4.3.2.8 Drawing up or review of BREFs 
 

During the data collection for the drawing up or review of BREFs, complete datasets (e.g. all 

half-hourly or hourly averages) are usually not provided. Instead, the data collection usually 

includes the relevant averages (e.g. daily, monthly and/or yearly), the measurement uncertainty 

(see Section 3.4.4.3), minimum and maximum values and the 95th/97th percentile, if available, 

together with unambiguous information on the operating conditions to distinguish between 

normal and other than normal operating conditions. 

 

For further information on data gathering and reference information accompanying emission 

data, see the 'BREF guidance' [ 39, EU 2012 ]. 
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4.3.3 Periodic measurements 
 

4.3.3.1 Generic EN standards 
 

Table 4.5 lists some generic EN standards and technical specifications relevant for periodic 

measurements of emissions to air. Some of them are also related to ambient air measurements. 

Specific standards for the measurement of emissions to air are listed in Annex A.1, Table 7.1. 

 

For the general use of EN standards and other standard methods see Section 3.4.3. 

 

 
Table 4.5: Generic EN standards and technical specifications relevant for periodic 

measurements of emissions to air 

Standard Title  

EN 14793:2017 
Stationary source emissions - Demonstration of equivalence of an 

alternative method with a reference method 

EN 15259:2007 

Air quality - Measurement of stationary source emissions - 

Requirements for measurement sections and sites and for the 

measurement objective, plan and report 

EN 15267-4:2017 

Air quality - Certification of automated measuring systems - Part 4: 

Performance criteria and test procedures for automated measuring 

systems for periodic measurements of emissions from stationary 

sources 

CEN/TS 15674:2007 
Air quality - Measurement of stationary source emissions - 

Guidelines for the elaboration of standardised methods 

 

 

EN 14793:2017 specifies a validation procedure to show if an alternative method (AM) can be 

used instead of the standard reference method (SRM), both implemented to determine the same 

measurand. Statistical tools and different criteria are provided to evaluate the AM [ 27, CEN 

2017 ]. 

 

EN 15259:2007 applies to periodic emission measurements using manual or automated 

reference methods and aims for reliable and comparable results that are representative of the 

emissions. The standard specifies requirements for the measurement objective and the 

measurement plan (see Section 4.3.3.3), for measurement sites, sections, planes and points (see 

Sections 4.3.3.5 and 4.3.3.6), for the number, timing and duration of the individual 

measurements (see Sections 4.3.3.7 and 4.3.3.8), as well as for the reporting (see 

Section 4.3.3.13) [ 45, CEN 2007 ]. 

 

EN 15267-4:2017 specifies the general performance criteria and test procedures for portable 

automated measuring systems (P-AMS) (see Section 4.3.3.2.1) [ 257, CEN 2017 ]. 

 

CEN/TS 15674:2007 gives recommendations and specifies requirements for the development 

of standardised reference methods for emission measurements from stationary sources [ 76, 

CEN 2007 ]. 
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4.3.3.2 Quality assurance 
 
4.3.3.2.1 Certification 

 

In 2017, the certification of equipment was only available for portable automated measuring 

systems (P-AMS). EN 15267-4:2017 applies to P-AMS used for periodic measurements of 

stationary source emissions. P-AMS are based on measurement techniques specified by a 

standard reference method (SRM) or an alternative method (AM). The performance tests for P-

AMS are carried out similarly to those for stationary AMS according to EN 15267-3:2007 (see 

Section 4.3.2.2.1). Both tests may be combined if AMS are designed for stationary and portable 

use [ 257, CEN 2017 ]. 

 

 
4.3.3.2.2 Quality assurance in operation 

 

The relevant standard for quality assurance in operation is EN ISO/IEC 17025:2017 [ 1, CEN 

2017 ]. 

 

 

4.3.3.3 Measurement objective and measurement plan 
 

The measurement objective is defined by the customer and specifies the scope of the work to be 

carried out. According to EN 15259:2007, the measurement objective specifies at least [ 45, 

CEN 2007 ]: 

 

¶ the purpose of the measurement; 

¶ the dates and times of the measurements; 

¶ the operating conditions under which the measurements are performed (normal 

operating conditions (NOC) and/or other than normal operating conditions (OTNOC), if 

known in advance); 

¶ the measurement site; 

¶ the measurands (i.e. pollutants and reference quantities) and the expected values; 

¶ the competence of the testing laboratory. 

 

The measurement objective may also specify the measurement methods to be used and the 

requirements on the measurement uncertainty [ 45, CEN 2007 ]. 

 

The measurement plan, drawn up by the testing laboratory, takes these considerations into 

account and outlines the procedure to fulfil the measurement objective. According to 

EN 15259:2007, the measurement plan specifies a number of issues, some of which also form 

part of the measurement objective [ 45, CEN 2007 ]: 

 

¶ the dates and times of the measurements; 

¶ the operating conditions under which the measurements are performed (see 

Section 4.3.3.4); 

¶ the measurement sites and sections (see Section 4.3.3.5); 

¶ the measurement points (see Section 4.3.3.6); 

¶ the number of individual measurements (see Section 4.3.3.7); 

¶ the timing and duration of the individual measurements (see Section 4.3.3.8); 

¶ the measurands (i.e. pollutants and reference quantities); 

¶ the measurement methods (see Section 4.3.3.10); 

¶ the technical supervisor, necessary personnel and auxiliary help for carrying out the 

measurements; 

¶ the reporting (see Section 4.3.3.13). 
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It is also good practice to assess the feasibility of the measurement objective considering NOC 

and possible OTNOC, if appropriate. The measurement plan should ensure that, depending on 

the measurement objective, the operating conditions, i.e. NOC or OTNOC, are clearly specified 

and that measures are taken so that these conditions are present during the measurements. 

 

 

4.3.3.4 Operating conditions 
 

For compliance assessment, measurements are often carried out at the highest emission state of 

the operating conditions under investigation (usually NOC). The highest emission state is 

characterised by the highest emission mass flow which does not necessarily correspond to the 

maximum emission concentration of a pollutant. Depending on the permit conditions, the 

measurement objective can refer to concentrations or to mass flows or to both. The highest 

emission state usually corresponds to the maximum (permitted) plant output. However, the type 

and composition of the feed materials may also influence the expected emissions. Furthermore, 

the individual emission behaviour of pollutants can proceed in opposite directions depending on 

the conditions (e.g. CO and NOX in combustion processes) [ 45, CEN 2007 ]. 

 

To identify the conditions associated with the highest emission state, it is advisable to make use 

of the following [ 45, CEN 2007 ]:  

 

¶ specialist discussions with the operator of the plant and, if necessary, with the 

competent authorities; 

¶ site visits to the plant and the measurement sites; 

¶ knowledge of the plant type and the associated emission behaviour based on 

measurements which have already been carried out at the plant in question or at 

comparable plants; 

¶ literature knowledge (e.g. emission factors). 

 

In some cases, technical constraints may not allow a plant to operate at the highest emission 

state (e.g. due to constraints imposed by the grid operator on combined cycle combustion 

plants) [ 255, EURELECTRIC 2013 ].  

 

 

4.3.3.5 Measurement/Sampling site, section and plane 
 

Definitions of measurement/sampling sites, sections, planes and points are given in 

Section 4.3.2.3. 

 

According to EN 15259:2007, measurement sites and sections should be designed to enable 

representative sampling of the waste gas and to measure the distribution of the pollutants and 

the reference quantities. The latter are also referred to as peripheral parameters. The 

measurement site should allow easy access to the sampling points for typical sampling 

equipment, e.g. via a platform that enables personnel performing the measurement to work 

safely and efficiently [ 45, CEN 2007 ]. 

 

Furthermore, defined flow conditions are required in the measurement plane, i.e. an ordered and 

stable flow profile without vortexing and backflow, so that the waste gas velocity and the mass 

concentration of the measurand can be determined representatively. According to 

EN 15259:2007, the measurement plane shall be situated in a section of the waste gas duct 

where homogeneous flow conditions and concentrations can be expected. The requirement for 

homogeneous flow conditions is generally fulfilled if the measurement plane is [ 45, CEN 

2007 ]: 

 

¶ as far downstream and upstream as possible from any disturbance that could produce a 

change in the flow direction (e.g. disturbances can be caused by bends, fans or partially 

closed dampers); 
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¶ in a section of the duct with at least five hydraulic diameters of straight duct upstream 

of the sampling plane and two hydraulic diameters downstream, and, in addition, five 

hydraulic diameters from the top of a stack (hydraulic diameter: ratio of four times the 

area and the perimeter of the measurement plane); and 

¶ in a section of the duct with a constant shape and cross-sectional area. 

 

 

4.3.3.6 Measurement/Sampling point  
 

In order to ensure representative measurement/sampling, EN 15259:2007 requires that the 

provisions on the measurement plane (see previous Section 4.3.3.5) are complemented with a 

sampling strategy. The sampling strategy consists of a decision tree in order to decide on (a) 

representative measurement/sampling point(s) (Figure 4.2) [ 45, CEN 2007 ]: 

 

 

 
Source: Adapted from [ 45, CEN 2007 ] 

Figure 4.2: Sampling strategy as described in EN 15259:2007 

 

 

Grid measurement/sampling takes place in a given grid of measurement/sampling points in 

the measurement/sampling plane. It is required for pollutants which are present in both a 

particulate and a gaseous phase (e.g. metals and PCDDs/PCDFs). This also includes pollutants 

which are present in both an aerosol and a gaseous phase (e.g. hydrogen chloride) [ 45, CEN 

2007 ].  

 

In the case of gaseous compounds and the flow rate, EN 15259:2007 requires a homogeneity 

test to verify the concentration/flow rate profile across the measurement plane of the waste gas. 

This test is usually only carried out once, by determining the measurand in a given grid of 

measurement/sampling points and simultaneously at one measurement/sampling point. For the 

grid measurement/sampling, EN 15259:2007 describes the identification of the number of 

measurement/sampling points, their placement and the sampling duration at each 

measurement/sampling point. Depending on the outcome of the homogeneity test, the 

subsequent measurement/sampling is carried out at any measurement/sampling point, at a 

representative measurement/sampling point or over a grid of measurement/sampling points 

(Figure 4.2) [ 45, CEN 2007 ]. 

 

Grid measurements are also required for determining a representative measurement/sampling 

point for AMS (see Section 4.3.2.3) [ 45, CEN 2007 ]. 
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The representative measurement/sampling of particulate matter and aerosols requires isokinetic 

sampling which means sampling at a flow rate such that the velocity and direction of the gas 

entering the sampling nozzle are the same as the velocity and direction of the waste gas at the 

sampling point [ 45, CEN 2007 ], [ 75, CEN 2017 ]. If the sampling flow rate is too low, a 

percentage of smaller particles will not be sampled, whereas more of the larger particles will 

enter the sampling nozzle. This could lead to an overestimation of the dust concentration. If the 

sampling flow rate is too high, more of the smaller particles will be collected in comparison to 

the original particle-size distribution. This could lead to an underestimation of the dust 

concentration [ 30, NL InfoMil 2012 ], [ 34, MCERTS 2017 ]. 

 

Generally, the sampling should be carried out without changing the composition of the waste 

gas (e.g. avoidance of water condensation or particulate filtration) and/or the sample should be 

converted into a more stable form. This implies, among others, that the sampling device should 

be designed in such a way that: 

 

¶ it can be heated to avoid condensation; 

¶ it can be cooled to assist absorption; 

¶ it allows different sampling flow rates; and 

¶ the gas volume extracted can be measured either dry or wet (e.g. for odour 

measurements).  

 

Changes to the sample composition during transportation and storage need to be avoided too.  

 

 

4.3.3.7 Number of individual measurements 
 

The number of consecutive individual measurements in one measurement series should be 

specified in accordance with the measurement objective and in relation to the stability of the 

emission. When measuring a stable emission, best practice is to take a minimum of three 

samples consecutively in one measurement series. In the case of unstable emissions, the number 

of samples can be increased to meet the measurement objective [ 45, CEN 2007 ]. Depending on 

the permit conditions and the related averaging (see Section 3.4.4.2), it might be sufficient to 

carry out three measurements with a longer sampling duration (e.g. two to three hours), to 

measure a representative average of the unstable emission. 

 

The minimum number of individual measurements in one measurement series is usually 

specified in the relevant legislation or in the permit. 

 

In some Member States, the minimum number of individual measurements depends on the 

distance of the measurement result to the ELV. For example in France, the minimum number of 

individual measurements in one measurement series may be reduced from three to one if the 

results of the three previous measurement series were lower than 20 % of the ELV [ 133, FR 

2013 ]. 

 

 

4.3.3.8 Timing and duration of individual measurements 
 

The timing and duration of the emission measurement should be specified in the measurement 

plan in accordance with the measurement objective [ 45, CEN 2007 ]. The most common 

sampling duration is 30 minutes, but 60 minutes is applied as well, but this also depends on the 

pollutant and the emission pattern of the process. 

 

The sampling duration depends on the mass of pollutant needed for the subsequent 

measurement. For this reason, some EN standards specify that the sampling duration is 

dependent on the expected concentration of the pollutant in the waste gas and on the 

measurement range of the analytical method used by the laboratory including the limit of 

detection (see Section 3.4.4.4). It is therefore crucial that the performance of the analytical 
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method is considered when deciding on a suitable sampling duration. This might lead to longer 

sampling durations than commonly applied. 

 

The following three process categories are distinguished in EN 15259:2007 for the selection of 

the most appropriate sampling timing and duration [ 45, CEN 2007 ]: 

 

¶ continuous processes with a constant emission pattern; 

¶ continuous processes with a variable emission pattern; 

¶ discontinuous processes, such as batch or loading processes. 

 

Continuous processes with a constant emission pattern are characterised by largely constant 

characteristics of the fuels and raw materials used as well as largely constant operating 

conditions. Therefore, the emission pattern is relatively constant over longer time periods. For 

this reason, the emission can be measured at any point in time. Examples of typical continuous 

processes are combustion plants with non-variable fuel(s), drying plants, coating plants, rotary 

kiln plants and crushing and classification plants [ 45, CEN 2007 ]. 

 

Continuous processes with a variable emission pattern can be characterised by a largely 

constant material feed, but time-dependent process steps that can affect the emission pattern. 

The timing of the emission measurements should give adequate consideration to these 

conditions and take the changes in the emission pattern over time sufficiently into account. 

Examples of typical continuous processes having variations over time are firing processes in 

brick manufacture (e.g. trolley charging in tunnel kilns) and glass manufacture in regenerative 

tank furnaces [ 45, CEN 2007 ]. 

 

Discontinuous processes are predominantly characterised by the fact that the emission pattern 

is controlled, or can be controlled, by operating procedures, which may vary depending on the 

material used and/or with time. The timing of the emission measurements should take these 

circumstances into account. Especially in the case of very short-term emission events, a check 

should be made as to whether several similar emission events can be combined in one 

sample/measurement in order to enable evaluation of the operating state. Examples of typical 

batch processes can be found in the chemical industry, in non-ferrous metal melting plants, in 

the production of steel and in the textile industry [ 45, CEN 2007 ]. 

 

 

4.3.3.9 Measurement frequency 
 

In general, the measurement plan, as described before, refers to one or a set of measurement 

series, each consisting of at least three consecutive measurements at a certain date and time. In 

addition, it is also advisable to define the time intervals at which periodic measurements should 

be performed (measurement frequency). In practice, the following frequencies related to 

measurement series of at least three consecutive measurements are generally applied, taking into 

account also cost aspects and potential impacts for the environment (see Section 3.3.1): 

 

¶ Once or twice per year: Generally, this is the typical frequency for NOC, also taking 

into account that reporting to competent authorities according to the IED should be 

carried out yearly. Furthermore, it may be advisable to use indirect methods between 

measurements to ensure that no severe changes in emissions occur between direct 

measurements. 

¶ Once every three years: This may be the appropriate frequency if it can be shown over 

several years (e.g. five years) that the emission level for NOC is clearly below the ELV 

or if the measurement is carried out for other purposes (e.g. to determine emission loads 

for reporting). The reduced frequency is applied unless emission increases are expected 

due to changes in the NOC of the production process. In particular, in these cases it is 

advisable to use indirect methods to ensure that no severe changes in emissions to air 

occur between direct measurements.  
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¶ Higher frequencies (e.g. weekly, monthly, every two months, quarterly): This might be 

required in cases where higher emissions than under NOC are expected, e.g. due to 

OTNOC or during commissioning or decommissioning. In these cases, the higher 

monitoring frequency should be maintained until an acceptable emission level under 

NOC is reached.  
 

The planning of the periodic measurements is challenging in the case of plants with frequent 

unplanned start-ups and shutdowns (e.g. power plants with a limited number of operating hours 

per year depending on the electricity demand) [ 255, EURELECTRIC 2013 ]. In this sense, the 

BREF for Large Combustion Plants (LCP BREF) stipulates that the given monitoring 

frequencies do not apply where a plant would have to be operated for the sole purpose of 

performing an emission measurement [ 277, COM 2017 ]. 
 

 

4.3.3.10 Analysis 
 

4.3.3.10.1 Overview 
 

For periodic measurements, the waste gas sample is extracted from the emission source and the 

pollutant is either analysed on-line by portable monitoring devices or fixed in an absorption 

liquid, on a filter or on an adsorbent. Afterwards, this liquid or solid sample is analysed in the 

laboratory. Therefore, the collection, storage and transport of the samples are critical for 

achieving a reliable measurement result. 
 

The following sections provide information on specific monitoring aspects for the most 

common air pollutants including on the measurement principles. A list of specific standards and 

methods for the measurement of emissions to air together with information on measurement 

ranges and limits is given in Annex A.1, Table 7.1. 
 

 

4.3.3.10.2 Ammonia 
 

BAT-AELs for emissions of ammonia to air were defined in several BAT conclusions (e.g. in 

the BREFs for the Production of Cement, Lime and Magnesium Oxide (CLM BREF) [ 183, 

COM 2013 ], the Manufacture of Glass (GLS BREF) [ 182, COM 2013 ], the Non-ferrous 

Metals Industries (NFM BREF) [ 229, COM 2017 ], the Production of Pulp, Paper and Board 

(PP BREF) [ 160, COM 2015 ], and the Refining of Mineral Oil and Gas (REF BREF) [ 143, 

COM 2015 ]). In 2017, however, no EN standard for ammonia measurements from stack 

emissions was available [ 59, CEN 2018 ]. The European Commission identified the 

development of such a standard as a new action under the annual Union work programme for 

European standardisation for 2018 [ 293, COM 2017 ].  
 

Examples of national or industry standards that are used are given in Annex A.1, Table 7.1. 

Moreover, a draft international standard, ISO/DIS 21877, was published in 2018. For the 

determination, a known volume of waste gas is extracted, filtered and passed through an 

absorption solution consisting of dilute sulphuric acid. Isokinetic sampling is used if the waste 

gas contains droplets. The resulting ammonium in the absorption solution is determined by 

water analysis. All compounds that are volatile at the sampling temperature and produce 

ammonium upon dissociation in the absorption solution are measured by this method [ 270, ISO 

2018 ]. 
 

 

4.3.3.10.3 Carbon monoxide 
 

EN 15058:2017 is the standard reference method (SRM) for the measurement of carbon 

monoxide using non-dispersive infrared spectrometry (NDIR). Interferences from other 

absorbing gases, in particular from water and carbon dioxide, as well as detector instability and 

drift are suppressed, e.g. by measuring at a specific wavelength, by employing dual cell 

monitors and/or by using gas filter correlation (GFC) [ 72, CEN 2017 ]. 
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4.3.3.10.4 Dust 

 

The SRM for the measurement of dust is EN 13284-1:2017. It is based on isokinetic sampling 

(see Section 4.3.3.6), filtration with a plane filter, and gravimetry. Deposits upstream of the 

filter in the sampling equipment are also recovered and weighed. The sampling is carried out at 

an appropriate temperature to minimise the effects of thermally unstable dusts (e.g. at the stack 

temperature or at least the recommended temperature of 160 °C). Dust measurements in waste 

gases saturated with water vapour are more difficult than in dry waste gases and lead to higher 

LoDs [ 75, CEN 2017 ]. 

 

In order to better qualify the environmental impact of total dust emissions, it may be advisable 

or even necessary to determine the dust particle-size distribution, in particular PM10 and PM2.5. 

This type of characterisation may have to be repeated whenever the process generating dust 

emissions undergoes significant changes (e.g. fuels, raw materials, catalysts used). 

 

EN ISO 23210:2009 allows the simultaneous determination of the concentrations of PM10 and 

PM2.5 in waste gases. The method is based on the use of a two-stage cascade impactor which 

separates the particles into three groups with aerodynamic diameters greater than 10 ɛm, 

between 10 ɛm and 2.5 ɛm and smaller than 2.5 ɛm. The separated particles are deposited on 

collecting plates and back-up filters and subsequently quantified by gravimetry. Particle-size 

distributions cannot be determined when the waste gas is saturated with water vapour due to the 

presence of droplets [ 69, CEN 2009 ]. 
 

 

4.3.3.10.5 Formaldehyde 

 

BAT-AELs for emissions of formaldehyde to air were defined in some BAT conclusions (e.g. in 

the BREFs for the Manufacture of Glass (GLS BREF) [ 182, COM 2013 ] and the Production of 

Wood-based Panels (WBP BREF) [ 195, COM 2016 ]). In 2017, however, no EN or ISO 

standards for formaldehyde measurements from stack emissions were available [ 59, CEN 

2018 ], [ 112, ISO 2018 ]. Therefore, the European Commission identified the development of 

such a standard as a new action under the annual Union work programme for European 

standardisation for 2016 [ 222, COM 2016 ]. 

 

Examples of national or industry standards that are used are given in Annex A.1, Table 7.1 and 

the WBP BREF [ 195, COM 2016 ]. They differ considerably regarding sampling and analytical 

measurements. In 2014, a study carried out by Eurofins Italy for the European Panel Federation 

revealed that the methodological differences may result in significantly different measurement 

results. Formaldehyde shows a strong tendency to dissolve in water droplets and to bind to 

particles. In the case of waste gases containing aerosols or dust, the sampling method 

(i.e. isokinetic or non-isokinetic) therefore significantly influences the measurement result. 

Moreover, other factors may also come into play such as filter/probe heating and probe washing 

[ 196, EPF and Eurofins Italy 2014 ]. For these reasons, the BAT conclusions of the WBP 

BREF specify several sampling details for the measurement of formaldehyde [ 195, COM 

2016 ]. 

 

 
4.3.3.10.6 Gaseous chlorides/fluorides and HCl/HF 

 

EN 1911:2010 and ISO 15713:2006 are the SRMs used to measure gaseous chlorides and 

fluorides, respectively. In both cases, a known volume of waste gas is extracted, filtered and 

passed through absorption solutions (i.e. water). The resulting chloride/fluoride is determined 

by water analysis. All chlorine/fluorine-containing compounds that are volatile at the filtration 

temperature and produce soluble chloride/fluoride compounds upon reaction with water are 

measured by these methods [ 71, CEN 2010 ], [ 180, ISO 2006 ]. Generally, almost all of the 

produced chloride/fluoride originates from HCl/HF, respectively. However, in specific cases, 

other gaseous halogen compounds such as elementary chlorine (Cl2) might contribute to the 

measurement result. 
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The European Commission identified the development of a standard for the measurement of 

hydrogen fluoride or total gaseous fluorides as a new action under the annual Union work 

programme for European standardisation for 2018 [ 293, COM 2017 ]. 

 

Depending on the nature of the waste gas, the legislation, or the permit, it might be necessary to 

measure HCl/HF or gaseous chlorides/fluorides. For example, IED Annex VI for waste 

incineration plants refers to HCl/HF [ 24, EU 2010 ]. On the other hand, some BAT-AELs 

defined in BAT conclusions refer to gaseous chlorides/fluorides (e.g. in the BREFs for Iron and 

Steel Production (IS BREF) [ 142, COM 2013 ], the Manufacture of Glass (GLS BREF) [ 182, 

COM 2013 ], the Non-ferrous Metals Industries (NFM BREF) [ 229, COM 2017 ], and the 

Production of Cement, Lime and Magnesium Oxide (CLM BREF) [ 183, COM 2013 ]). 
 

 

4.3.3.10.7 Other gaseous organic compounds 

 

CEN/TS 13649:2014 describes the determination of individual gaseous organic compounds. It 

specifies procedures for sampling by adsorption on sorbents, sample preparation by solvent 

extraction or thermodesorption, and analysis by gas chromatography [ 283, CEN 2014 ]. 
 

 

4.3.3.10.8 Mercury and its compounds 

 

The SRM for the measurement of total mercury is EN 13211:2001. A known volume of waste 

gas is extracted isokinetically (or non-isokinetically if the mercury content in dust and droplets 

corresponds to < 1 µg/m
3
), filtered and passed through an absorption solution. The filter is 

digested. The filter digestate and the absorption solution are analysed by atomic absorption 

spectrometry (AAS) (see Section 5.3.5.8.9). The result represents the concentration of mercury 

and its compounds, independent of their state (gaseous, dissolved in droplets, solid, adsorbed on 

particles) [ 197, CEN 2001 ]. 

 

Due to the challenges associated with continuous mercury measurements (see 

Section 4.3.2.4.3), an alternative has emerged in the last few years: sorbent trap sampling. 

Known volumes of waste gas are extracted through sorbent media traps at an appropriate flow 

rate. Typically, duplicate samples are extracted in parallel using probes inserted into the gas 

stream. The sorbent material used mainly consists of halogenated carbon. At the end of the 

sampling period, the sorbent traps are manually replaced and the used traps are analysed, either 

by traditional methods for water analysis or by small thermal desorption systems. Standard 

sorbent traps are intended to measure gaseous mercury, but particulates containing mercury can 

also be drawn into the sorbent traps. These particulates are analysed and the measured mercury 

amount is added to the mercury amount bound to the carbon bed to give the total mercury 

amount. However, the sampling is not isokinetic and therefore not accurate for measuring 

particle-bound mercury. Compared to continuous measurements, sorbent trap sampling is easier 

to install and to operate. If the measurement frequency is not too high, it will also be less 

expensive. Sorbent traps ensure continuous sampling while providing good sensitivity and 

accuracy for a wide range of concentrations [ 199, UNEP 2015 ], [ 221, Senior 2015 ].  

 

The BREF for Large Combustion Plants (LCP BREF) stipulates that continuous sampling 

combined with frequent analysis of time-integrated samples, e.g. by a standardised sorbent trap 

monitoring method, may be used as an alternative to continuous measurements [ 277, COM 

2017 ]. 

 

However, no EN or ISO standards for mercury measurements with sorbent traps were available 

in 2017 [ 59, CEN 2018 ], [ 112, ISO 2018 ]. The European Commission identified the 

development of such a standard as a new action under the annual Union work programme for 

European standardisation for 2016 [ 222, COM 2016 ]. In the United States, method 30B 

specifies the use of sorbent traps for measuring mercury emissions from coal-fired combustion 

sources [ 223, US EPA 2014 ]. Related performance benchmarks are described in performance 

specification 12B [ 224, US EPA 2014 ]. 
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4.3.3.10.9 Metals and their compounds 

 

EN 14385:2004 specifies the determination of the mass concentration of the following 

elements: the metalloids antimony (Sb) and arsenic (As), as well as the metals cadmium (Cd), 

chromium (Cr), cobalt (Co), copper (Cu), lead (Pb), manganese (Mn), nickel (Ni), thallium (Tl) 

and vanadium (V). A known volume of waste gas is extracted isokinetically, filtered and passed 

through an absorption solution. The filter, the absorption solution and the rinsing solutions are 

recovered for analysis. The filter is digested. The liquid samples are finally analysed, e.g. by 

inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma optical 

emission spectrometry (ICP-OES) or AAS (see Section 5.3.5.8.10). The result includes all metal 

compounds, independent of whether they are gaseous, dissolved in droplets, solid or adsorbed 

on particles [ 47, CEN 2004 ]. 

 

 
4.3.3.10.10 Methane 

 

EN ISO 25139:2011 is the SRM for the measurement of methane. The sample gas is extracted 

from the waste gas duct, filtered and introduced into a gas chromatograph (GC). After 

separation on a packed or capillary column, methane is determined by flame ionisation detection 

(FID) [ 217, CEN 2011 ]. 

 

 
4.3.3.10.11 Nitrogen oxides 

 

NOX is defined as the sum of nitrogen monoxide (NO) and nitrogen dioxide (NO2), expressed as 

NO2. In flue-gases from conventional combustion systems, the nitrogen oxides consist of more 

than 95 % NO. The remaining nitrogen oxides predominantly consist of NO2. The ratio of NO 

to NOX may be different in other processes and other nitrogen oxides may be present [ 193, 

CEN 2017 ]. 

 

The SRM for NOX measurements is EN 14792:2017 which is based on chemiluminescence 

detection. In the reaction chamber of the analyser, the sampled gas is mixed with ozone which 

reacts with NO to NO2. Some of the NO2 created during this reaction emits light, the intensity of 

which is proportional to the NO content. The emitted radiation is filtered by means of a 

selective optical filter and converted into an electric signal by means of a photomultiplier tube. 

For the determination of NOX, the sampled gas is fed through a converter where the NO2 is 

reduced to NO and the latter is analysed in the same way as described before. The concentration 

of NO2 can then be calculated from the difference between the NOX concentration and that 

obtained for NO only (when the sampled gas has not passed through the converter). When a 

dual-type analyser is used, both NO and NOX are determined at the same time. In a single-type 

analyser, the reaction chamber is alternately fed with the raw gas and with the gas having passed 

the converter that reduces NO2 to NO. Therefore, NO and NOX are determined alternately [ 193, 

CEN 2017 ]. 

 

 
4.3.3.10.12 Polycyclic aromatic hydrocarbons (PAHs) 

 

In 2017, two ISO standards were available for the measurement of PAHs, but no EN standard 

[ 59, CEN 2018 ], [ 112, ISO 2018 ]. ISO 11338-1:2003 describes sampling by the heated 

filter/condenser/adsorber method, the dilution method or the cooled probe/adsorber method. All 

three methods are based on isokinetic sampling [ 218, ISO 2003 ]. ISO 11338-2:2003 describes 

the sample preparation, clean-up, and determination using high-performance liquid 

chromatography (HPLC) with spectrophotometric and fluorescence detection or using gas 

chromatography mass spectrometry (GC-MS) [ 219, ISO 2003 ]. 

 

In the atmosphere, PAHs containing four or more rings tend to adsorb onto particles, while 

PAHs containing two to four rings tend to be present in gaseous form. In waste gases, the 
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distribution of PAHs between the gaseous phase and particles depends on a number of factors 

such as temperature, mass of emitted particles, particle size and water vapour, as well as type 

and concentration of PAHs [ 219, ISO 2003 ]. 

 

The toxicity, in particular the carcinogenicity of PAHs, varies considerably from one substance 

to another. Benzo[a]pyrene is considered to be one of the most toxic PAHs and is sometimes 

used as an indicator for the total concentration of PAHs in a waste gas. This approach is for 

example used in the BREF for the Non-ferrous Metals Industries (NFM BREF) [ 229, COM 

2017 ] and in Germany [ 61, DE 2002 ]. Alternatively, the concept of toxic equivalence factors 

may be applied, similarly to PCDDs/PCDFs (see Section 4.3.3.10.13) [ 225, Safe 1998 ], [ 226, 

Jung et al. 2010 ], [ 227, MDH 2016 ]. This approach is for example used in Denmark [ 58, DK 

2002 ]. 

 

 
4.3.3.10.13 PCDDs/PCDFs and dioxin-like PCBs 

 

The measurement of PCDDs/PCDFs and dioxin-like PCBs is covered by a series of EN 

standards. EN 1948-1:2006 describes isokinetic sampling by the filter/condenser method, the 

dilution method or the cooled probe method [ 49, CEN 2006 ]. Subsequently, EN 1948-2:2006 

covers the extraction and clean-up [ 70, CEN 2006 ]. Finally, EN 1948-3:2006 and EN 1948-

4:2010 address the identification and quantification of PCDDs/PCDFs and dioxin-like PCBs, 

respectively, both using isotope dilution GC-MS [ 41, CEN 2006 ], [ 51, CEN 2010 ]. 

 

In addition to those standards, the technical specification CEN/TS 1948-5:2015 describes long-

term sampling of PCDDs/PCDFs and PCBs. Similarly to the use of sorbent traps for the 

measurement of mercury (see Section 4.3.3.10.8), this long-term sampling aims at determining 

the average concentration levels over a longer period, typically four weeks. CEN/TS 1948-5 

relies on the same sampling principles as EN 1948-1 [ 216, CEN 2015 ]. The European 

Commission identified the validation of this technical specification as a new action under the 

annual Union work programme for European standardisation for 2015 [ 222, COM 2016 ]. 

 

The sampling time for the measurement of PCDDs/PCDFs is typically six to eight hours [ 24, 

EU 2010 ], [ 49, CEN 2006 ]. 

 

According to IED Annex VI for waste incineration plants and to EN 1948-1:2006, measurement 

results for PCDDs/PCDFs are expressed in the unit ng I-TEQ/m
3
, where I-TEQ means 

international toxic equivalent, derived by applying international toxic equivalence factors (I-

TEFs; also referred to as international toxic equivalency factors). These factors indicate the 

toxic potential of a single PCDD or PCDF congener relative to the toxic effect of 

2,3,7,8-TCDD, which is the congener with the highest toxicity. The IED sets I-TEFs for 17 

PCDD/PCDF congeners including 2,3,7,8-TCDD [ 24, EU 2010 ], [ 49, CEN 2006 ]. 

 

If there is a need to also cover dioxin-like PCBs, it is advisable to use the unit ng WHO-

TEQ/m
3
, applying toxic equivalence factors from the World Health Organisation (WHO-TEFs; 

also referred to as WHO toxic equivalency factors) which, in addition to I-TEFs, include toxic 

equivalence factors for the 12 dioxin-like PCBs. Another difference between the two concepts is 

that WHO-TEFs differ from I-TEFs for a few PCDDs/PCDFs [ 50, Van den Berg et al. 2006 ], 

[ 51, CEN 2010 ]. 

 

Toxic equivalence factors are listed in Annex A.4, Table 7.5. 
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4.3.3.10.14 Sulphur oxides 

 

SOX is defined as the sum of sulphur dioxide (SO2), sulphur trioxide (SO3) and sulphuric acid 

aerosols (H2SO4), expressed as SO2. For most industrial emission sources, SO2 is the 

dominating sulphur oxide species (i.e. typically > 90 %). 

The SRM for the measurement of SO2 is EN 14791:2017. A known volume of waste gas is 

extracted, filtered and passed through an absorption solution containing hydrogen peroxide 

which oxidises SO2 to sulphate. The latter is determined by ion chromatography or titration. SO3 

is included in the measurement result as it is equally absorbed and oxidised to sulphate [ 181, 

CEN 2017 ]. Therefore, the standard actually measures SOX. 

 

Since early 2017, a technical specification for an instrumental technique for sampling and 

determining the concentration of gaseous sulphur dioxide emissions from stacks has been 

available. CEN/TS 17021:2017 is applicable to both periodic measurements and the calibration 

of AMS permanently installed on stacks, for regulatory or other purposes. The technical 

specification does not prescribe a specific technique, but sets performance criteria for the 

analyser and the associated sampling system, hence for the complete measuring system which is 

a portable automated measuring system (P-AMS). The actual measurement may be based on 

different techniques including IR or UV absorption, UV fluorescence or electrochemical cells 

[ 211, CEN 2017 ]. 

 

Depending on the nature of the waste gas, the legislation, or the permit, it might be necessary to 

measure SO2 or SOX. For example, IED Annex V for large combustion plants and IED 

Annex VI for waste incineration plants refer to SO2 [ 24, EU 2010 ]. Some BAT-AELs defined 

in BAT conclusions also refer to SO2 (e.g. in the BREFs for the Non-ferrous Metals Industries 

(NFM BREF) [ 229, COM 2017 ], the Production of Pulp, Paper and Board (PP BREF) [ 160, 

COM 2015 ], and the Refining of Mineral Oil and Gas (REF BREF) [ 143, COM 2015 ]), but 

others refer to SOX (e.g. in the BREFs for Iron and Steel Production (IS BREF) [ 142, COM 

2013 ], the Manufacture of Glass (GLS BREF) [ 182, COM 2013 ], and the Production of 

Cement, Lime and Magnesium Oxide (CLM BREF) [ 183, COM 2013 ]). 

 

In some cases, SOX emissions may be determined by fuel analysis (see Section 4.4.2). 

 

 
4.3.3.10.15 Total volatile organic carbon (TVOC) 

 

EN 12619:2013 defines TVOC as the sum of all gaseous and vaporous organic compounds, 

expressed as total carbon. The measurement relies on an FID with a sample gas cleaning system 

that prevents contamination by particles and/or condensation inside the instrument. 

Hydrocarbons of a higher order, entering the analyser as solids, are filtered and consequently 

not measured. Although IED Annex VI for waste incineration plants and IED Annex VII for 

installations and activities using organic solvents refer to the measurement of TOC (total 

organic carbon), the FID analyser does not actually measure organic compounds bound to 

particles. According to EN 12619:2013, this is generally accepted in the industry and by 

competent authorities [ 48, CEN 2013 ]. 

 

The FID ionises organically bound carbon atoms in a hydrogen flame and the ionisation current 

is measured. One advantage of the FID is that it shows negligible interference from a number of 

inorganic compounds (e.g. CO, CO2, NO and H2O). However, the oxygen level influences the 

signal and calibrations are carried out with levels of oxygen similar to that present in the waste 

gas. The FID sensitivity depends mostly on the number of carbon atoms, but also on the 

molecular structure (i.e. single or double bonds, number and nature of heteroatoms, chain length 

and ring structure). For example, the FID is usually less sensitive for oxygen-containing organic 

compounds compared to pure hydrocarbons with the same number of carbon atoms per 

molecule [ 48, CEN 2013 ], [ 231, MCERTS 2016 ]. 
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The response factor is a function of the specific design of the detector and the adjusted operating 

conditions. EN 12619:2013 prescribes the use of propane (C3H8) for the calibration, setting its 

response factor to 1.00 while taking into account the number of carbon atoms (i.e. three). In the 

case of waste gases containing one or a limited number of organic compounds in stable 

proportions, the concentration(s) of the individual compound(s) may be determined provided 

that the response factors have been determined beforehand [ 48, CEN 2013 ]. 

 

In the case of waste gases from non-combustion processes (e.g. from the use of organic 

solvents), TVOC may be measured with EN ISO 13199:2012. The extracted waste gas is 

fil tered and split into two streams. The first stream passes through a catalytic converter for the 

complete oxidation of organic compounds to CO2 which is then measured by NDIR. The second 

stream is directly led to the NDIR analyser for CO2 measurement. The difference in the CO2 

concentrations between the two streams is equal to the CO2 concentration originating from the 

organic compounds. The advantages compared to an FID include greater safety (no flame, no 

hydrogen), equal response factors of individual organic compounds with the same number of 

carbon atoms, and no interference due to oxygen [ 194, CEN 2012 ]. On the other hand, TVOC 

measurements based on catalytic oxidation show two disadvantages: the catalysts can be 

poisoned and the conversion of the organic compounds to CO2 may not always be complete 

[ 231, MCERTS 2016 ]. 

 

Photo ionisation detectors (PIDs) may be used alternatively to measure organic compounds. 

PIDs work in the same way as FIDs except that UV light is used for the ionisation. As for FIDs, 

the sensitivity depends on the number of carbon atoms and the molecular structure. Moreover, 

the PID sensitivity also depends on the type of UV lamp used. For example, for butanol the 

relative responses for 9.8 eV, 10.6 eV and 11.7 eV lamps are 1, 15 and 50, respectively [ 192, 

Honeywell 2004 ]. 

 

FIDs and PIDs have different sensitivities and are calibrated with different gases. Therefore, 

analytical results are not comparable. In broad terms, FIDs respond more to carbon chain 

length, whereas PIDs respond more to functional groups. For example, an FID shows a 

relatively similar response to propane, isopropanol and acetone (slightly decreasing in this order 

[ 230, Dietz 1967 ]), because these compounds all have three carbon atoms, whereas a PID is 

not very sensitive to propane, moderately sensitive to isopropanol and very sensitive to acetone. 

The relative order of sensitivity is as follows [ 192, Honeywell 2004 ]: 

 

¶ FID: Aromatics, long-chain compounds > short-chain compounds (methane) > 

halogenated compounds. 

¶ PID: Aromatics, iodinated compounds > olefins, ketones, ethers, amines, sulphur 

compounds > esters, aldehydes, alcohols, aliphatics > chlorinated aliphatics, ethane > 

methane (no response). 

 

PIDs generally do not respond to methane and therefore actually measure non-methane volatile 

organic carbon (NMVOC). While FIDs measure TVOC including methane, they may be 

modified to measure NMVOC by adding a methane-cutting catalyst [ 190, Wilford 2006 ]. 

 

Compared to FIDs, PIDs are simpler and intrinsically explosion-proof (no hydrogen flame) and 

therefore often used in portable instruments (see Section 4.5.3). PIDs can detect much lower 

levels of organic compounds than FIDs, while FIDs are more linear in higher concentration 

ranges. Moreover, FIDs are generally unaffected by humidity effects [ 190, Wilford 2006 ], 

[ 192, Honeywell 2004 ]. 

 

In 2017, no EN or ISO standards for the measurement of organic compounds from stack 

emissions with PIDs were available [ 59, CEN 2018 ] [ 112, ISO 2018 ]. 

 

Depending on the nature of the waste gas (e.g. if the waste gas contains methane), the 

legislation, or the permit, it might be necessary to measure TVOC or NMVOC. As mentioned 

before, IED Annexes VI and VII refer to TOC and thus to TVOC [ 24, EU 2010 ]. Moreover, 
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some BAT-AELs defined in BAT conclusions refer to TOC or TVOC (e.g. in the BREFs for the 

Non-ferrous Metals Industries (NFM BREF) [ 229, COM 2017 ] and the Production of Cement, 

Lime and Magnesium Oxide (CLM BREF) [ 183, COM 2013 ]). However, the BAT-AELs in 

the BAT conclusions of the BREF for the Refining of Mineral Oil and Gas (REF BREF) refer to 

NMVOC [ 143, COM 2015 ]. A special case can be found in the BAT conclusions of the BREF 

for the Production of Wood-based Panels (WBP BREF) where the BAT-AELs generally refer to 

TVOC, but the methane content is subtracted in the case of emissions originating (partly) from 

the dryer when using fuels such as natural gas and liquefied petroleum gas. This subtraction 

aims at differentiating between the emission sources (i.e. from the drying process or the heater) 

[ 195, COM 2016 ]. The E-PRTR refers to NMVOC [ 147, EC 2006 ]). 

 

 

4.3.3.11 Reference/Standard conditions 
 

General information on reference/standard conditions is given in Section 4.3.2.5.1. 

 

The periodic measurement of a pollutant often requires the simultaneous measurement of 

reference quantities, also referred to as peripheral parameters. EN standards for the periodic 

measurement of oxygen and water vapour are available [ 73, CEN 2017 ], [ 74, CEN 2017 ]. 

Moreover, the measurement of reference quantities is also needed for the AMS calibration with 

the SRM during the QAL2 procedure (see Section 4.3.2.2.2) [ 36, CEN 2014 ]. 

 

Specific standard conditions apply for the measurement of the odour concentration with 

dynamic olfactometry (i.e. a temperature of 293.15 K without correction for the water vapour 

content; see Section 4.6.3.2). 

 

 

4.3.3.12 Data treatment 
 

The measurement results are converted to the corresponding standard conditions (see 

Sections 4.3.2.5 and 4.3.3.11) [ 45, CEN 2007 ]. 

 

How to average the measurement results of periodic measurements strongly depends on the 

number of individual measurements per measurement series, the measurement frequency and 

the compliance assessment regime (see Section 3.4.4.2). 

 

In some cases, the measurement uncertainty is subtracted from the measured values (see 

Section 3.4.4.3). 

 

 

4.3.3.13 Reporting 
 

The measurement report should describe, in a transparent and traceable way, where and how the 

measurements were carried out and should also provide sufficient detail to enable the results to 

be traced back through the calculations to the collected raw data and operating conditions [ 45, 

CEN 2007 ]. In several Member States, standard report formats are specified for regulatory 

purposes, but they do not necessarily have a comparable content and level of detail. To allow a 

Europe-wide comparison of measurement results, it is advisable that at least the requirements 

given by EN 15259:2007, as mentioned below, are taken into account. 

 

According to EN 15259:2007, an emission measurement report includes at least the following 

information [ 45, CEN 2007 ]: 

 

¶ general information, such as the operator's name, the address of the installation, the 

name and the address of the testing laboratory; 

¶ definition of the project by specification of the measurement objective(s); 

¶ description of the installation and materials handled; 
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¶ identification of the measurement site and section; 

¶ identification of the measurement methods and apparatus according to individual 

standards for the measured pollutants and reference quantities; 

¶ operating conditions of the production process during the measurement, including the 

waste gas treatment units; 

¶ identification of deviations from the measurement plan; 

¶ reference to how to access and use the original data for verification purposes; 

¶ measurement results and other relevant data necessary for the interpretation of the 

results, including the sampling date (hour, day, month and year) and measurement 

uncertainties; 

¶ calculation procedures, such as the conversion of data to specific standard conditions; 

¶ presentation of the results. 

 

Furthermore, any deviation from EN standards (e.g. EN 15259:2007) and from the measurement 

plan should be justified and documented in the measurement report [ 45, CEN 2007 ]. 

 

Also, each EN standard contains a section on how the measurement method and the 

performance parameters should be specified in any report and how the achieved results should 

be reported [ 76, CEN 2007 ].  

 

In addition, every testing laboratory uses dedicated measurement or work files with much more 

detailed information for internal documentation. These files should allow, among others, the 

storage and handling of every sample to be traced, from the measurement point to the analysis 

of the sample, including the data treatment, and the documentation of the results. 

 

Under certain conditions, measurement results/reports are made publicly available, for example 

according to IED Article 24(3)(b) [ 24, EU 2010 ]. 

 

 

4.3.3.14 Drawing up or review of BREFs 
 

During the data collection for the drawing up or review of BREFs, complete measurement 

reports for periodic measurements are usually not provided. Instead, the data collection usually 

includes the individual measurement results, measurement uncertainties, sampling durations, 

reference conditions, the number of consecutive measurements in one measurement series, and 

the measurement frequency, together with unambiguous information on the operating conditions 

to distinguish between normal and other than normal operating conditions. 

 

If averaged values are reported in addition, the number of individual measurements, the 

minimum and the maximum values and the way the LoD/LoQ has been considered are also 

relevant for the data assessment and should thus be provided. 

 

The data provided are the basis for defining BAT and BAT-AEPLs, where appropriate. For 

BAT-AEPLs, the associated monitoring regime needs to be defined. In 2017, the following 

general conditions for periodic measurements were widely used in BAT conclusions: 

 

¶ reference conditions (temperature 273.15 K, pressure 101.3 kPa, dry gas, defined 

oxygen content); 

¶ a sampling duration of at least 30 minutes; 

¶ at least three consecutive measurements in one measurement series; 

¶ a measurement frequency of at least once (or twice) per year, if appropriate; 

¶ measurements at the time of the highest emission state under normal operating 

conditions, if appropriate. 

 

Depending on the industrial sector and the pollutant, the monitoring regime for periodic 

measurements might be adapted. Examples include the specific standard conditions for the 
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measurement of the odour concentration with dynamic olfactometry at 293.15 K without 

correction for the water vapour content (see Section 4.6.3.2) or an increased sampling duration 

for the measurement of PCDDs/PCDFs (see Section 4.3.3.10.13). Also, more than three 

consecutive measurements and a lower or higher measurement frequency might be appropriate 

in some cases. 

 

For further information on data gathering and reference information accompanying emission 

data, see the 'BREF guidance' [ 39, EU 2012 ]. 
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4.4 Indirect methods 
 

4.4.1 Examples of surrogate parameters  
 

4.4.1.1 Overview 
 

General aspects of surrogate parameters including the distinction between quantitative, 

qualitative and indicative surrogate parameters are described in Section 3.3.3.3.1. 

 

Examples of quantitative surrogate parameters may include the following [ 3, COM 2003 ]: 
 

¶ TVOC instead of individual organic compounds (see Section 4.3.3.10.15); 

¶ fuel flow rate and fuel composition to determine the flue-gas flow rate of a furnace (e.g. 

according to EN ISO 16911-1:2013 [ 254, CEN 2013 ]); 

¶ Predictive Emission Monitoring Systems (PEMS) which rely on a combination of 

surrogate parameters (see Section 4.4.1.2). 
 

Examples of qualitative surrogate parameters may include the following [ 3, COM 2003 ]: 
 

¶ dust instead of individual metals and their compounds; 

¶ dust instead of PM10 or PM2.5. 
 

Examples of indicative surrogate parameters may include the following [ 3, COM 2003 ]: 
 

¶ temperature of the waste gas from a condenser instead of TVOC; 

¶ pressure drop, flow rate, pH and humidity of a biofilter instead of odour; 

¶ combustion temperature and residence time (or flow rate) of a thermal oxidiser instead 

of the compounds to be oxidised; 

¶ catalyst temperature and residence time (or flow rate) of a catalytic oxidiser instead of 

the compounds to be oxidised; 

¶ flow rate, voltage, and quantity of removed dust of an electrostatic precipitator instead 

of the dust concentration; 

¶ flow and temperature of waste gas, flow and pressure of scrubbing liquid, and pressure 

drop of a wet scrubber instead of the compounds to be scrubbed; 

¶ output signal of a filter leakage monitor (e.g. according to EN 15859:2010 [ 64, CEN 

2009 ]) for a fabric filter (see Section 4.3.2.2.1) instead of dust. 
 

 

4.4.1.2 Predictive Emission Monitoring Systems (PEMS) 
 

Predictive Emission Monitoring Systems (PEMS) are systems used to determine the emission 

concentrations of a pollutant based on their relationship with a number of characteristic 

continuously monitored process parameters (e.g. fuel gas consumption, air/fuel ratio) and fuel or 

feed quality data (e.g. the sulphur content) of an emission source.  

 

PEMS combine up to 25 parameters to calculate the corresponding emission concentrations of 

the pollutant. The calibration of these systems with direct measurements is complex, because it 

has to be carried out and validated under a broad range of operating conditions, but the 

advantage is that the resulting emission concentrations can be determined continuously without 

an AMS. In any case, PEMS need to be proven to be applicable for a certain process.  

 

In 2017, CEN published a final draft technical specification on the applicability, execution and 

quality assurance of PEMS used for the determination of stationary source emissions [ 292, 

CEN 2017 ]. The technical specification is expected to be published in the course of 2018. 

 

In the Netherlands, NTA 7379:2014 provides guidelines for the implementation and quality 

assurance of PEMS [ 77, NEN 2014 ]. 
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4.4.2 Fuel analysis 
 

Fuel analysis is an example of a mass balance (see Section 3.3.3.3.2). Depending on the 

industrial sector, it can be used to predict emissions of SO2, metals and other substances based 

on the application of conservation laws if the fuel mass flow rate is available. The basic 

equation used in fuel analysis emission calculations is the following [ 13, AU 2012 ]: 

 
Equation 4.2: ( ) )100(100 RtMMcQE WEW -³³³³=  

 

where E =  annual load of the chemical species emitted (kg/yr); 

 Q =  fuel mass flow rate (kg/h); 

 c =  concentration of the elemental pollutant in the fuel (wt-%); 

 MW =  molecular weight of the chemical species emitted (g/mol); 

 MWE = elemental weight of the pollutant in the fuel (g/mol); 

 t = operating hours (h/yr); 

 R = retention factor (wt-%), i.e. the mass fraction of the elemental pollutant 

remaining in the combustion process (e.g. as ash). 

 

 

4.4.3 Drawing up or review of BREFs 
 

With the exception of the quantitative surrogate parameter TVOC, indirect methods are less 

frequently used in BAT conclusions on emissions to air than in BAT conclusions on emissions 

to water (see Section 5.4.2). Such instances include the following: 

 

¶ BREF for the Manufacture of Glass (GLS BREF): BAT 7(iii) and BAT 7(viii) stipulate 

that it is BAT to use surrogate parameters to ensure that the treatment system is working 

properly between periodic measurements, including for dust, NOX and SO2 emissions. 

Reagent feed, temperature, water feed, voltage, dust removal and fan speed are listed as 

examples of surrogate parameters [ 182, COM 2013 ]. 

¶ BREF for the Intensive Rearing of Poultry or Pigs (IRPP BREF): A mass balance is 

mentioned in BAT 25 as one option to monitor emissions of ammonia to air [ 284, 

COM 2017 ]. 

¶ BREF for Iron and Steel Production (IS BREF): BAT 46 on the reduction of diffuse 

emissions from coke oven plants relies on the control of the visible emissions from all 

doors as a surrogate parameter [ 142, COM 2013 ]. 

¶ BREF for the Refining of Mineral Oil and Gas (REF BREF): Indirect methods are 

mentioned in BAT 4 on the monitoring of emissions to air. They include estimations 

through an appropriate combination of measurements of surrogate parameters (such as 

O2 content, sulphur or nitrogen content in the feed/fuel), calculations and periodic stack 

measurements. Fuel analysis and PEMS are also mentioned. For combustion units with 

a rated thermal capacity of > 50 MWth and catalytic cracking, continuous SO2 

measurements may be replaced by calculations based on measurements of the sulphur 

content of the fuel or the feed (i.e. by fuel analysis), where it can be demonstrated that 

this leads to an equivalent level of accuracy. Furthermore, for sulphur recovery units 

(SRUs), continuous SO2 measurements may be replaced by a continuous material 

balance or other relevant process parameter monitoring, provided appropriate 

measurements of SRU efficiency are based on periodic (e.g. once every two years) plant 

performance tests [ 143, COM 2015 ]. 

¶ BREF for the Production of Wood-based Panels (WBP BREF): BAT 15 stipulates that 

it is BAT to monitor appropriate surrogate parameters. In the case of scrubbers, these 

may include waste gas flow and temperature, visual appearance of emissions, as well as 

water flow and temperature, while in the case of electrostatic precipitators, these may 

include the voltage drop [ 195, COM 2016 ]. 
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The measurement of the pressure drop across a fabric filter as referred to in various BREFS (e.g. 

in the BREFs for the Non-ferrous Metals Industries (NFM BREF) [ 229, COM 2014 ], the 

Tanning of Hides and Skins (TAN BREF) [ 179, COM 2013 ] and the Production of Wood-

based Panels (WBP BREF) [ 195, COM 2016 ]) provides information on whether the cleaning 

mechanism is working adequately (i.e. if filters are cleaned and not blinding which in turn 

affects energy usage). In the event of a filter failure, however, there is no measurable increase in 

the pressure drop and therefore no indication of increased emissions [ 246, UK 2013 ]. 
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4.5 Diffuse emissions  
 

4.5.1 Overview 
 

The quantification of the total emissions of an installation often requires an assessment of the 

diffuse emissions including fugitive emissions (see definitions in Section 4.5.2), as these 

emissions can potentially account for a considerable amount of the total emissions and can have 

relevant impacts on the environment. Sometimes diffuse emissions may also have economic 

significance for an installation. For these reasons, permits and BAT conclusions include, where 

appropriate and reasonable, provisions that specify how to properly monitor and reduce these 

emissions [ 3, COM 2003 ]. 

 

The quantification of diffuse emissions might not be easy and is, in general, labour- and cost-

intensive. Measurement techniques are available, but the measurement uncertainty might be 

relatively high and, therefore, the level of confidence in the results might be low. Furthermore, 

due to the extended number of potential sources, the assessment of the total amount of diffuse 

emissions may be more costly than point source emission measurements [ 3, COM 2003 ].  

 

In addition to the following sections, the BREF for Refining of Mineral Oil and Gas (REF 

BREF) contains detailed information on the monitoring of diffuse VOC emissions from 

refineries [ 143, COM 2015 ]. 

 

 

4.5.2 Definitions 
 

The definitions of diffuse and fugitive emissions vary from one source to another, for example: 

 

¶ Chapter 5 of the IED for installations and activities using organic solvents defines 

fugitive emissions as 'any emissions not in waste gases of volatile organic compounds 

into air, soil and water as well as solvents contained in any products'. Waste gases are 

defined as 'the final gaseous discharge containing volatile organic compounds or other 

pollutants from a stack or abatement equipment into air' [ 24, EU 2010 ]. 

¶ EN 15445:2008 defines fugitive dust emission as 'uncontrolled dust emission to the 

atmosphere from diffuse emission' and gives examples such as windblown dust from 

stockpiles, dust from workshop buildings and from the handling of dry bulk goods, and 

dust from resuspension by traffic. Diffuse emissions are not defined [ 247, CEN 2008 ]. 

¶ EN 15446:2008 defines fugitive emission as 'emission to the atmosphere caused by loss 

of tightness of an item which is designed to be tight'. 

 

In this document, diffuse and fugitive emissions are understood as follows [ 3, COM 2003 ], 

[ 143, COM 2015 ], [ 154, COM 2016 ]: 

 

¶ Diffuse emissions: Non-channelled emissions to the environment.  

Emissions usually concern volatile or dusty substances. Diffuse emission sources can be 

point, linear, surface or volume sources. Examples include storage facilities during 

loading and unloading, open-air storage of solid matter, separation pools in oil 

refineries, doors in coke plants, and electrolysis cells in chlor-alkali plants. Multiple 

emissions inside a building are normally considered diffuse emissions. 

¶ Fugitive emissions: Diffuse emissions from point sources. 

Fugitive emissions are a subset of diffuse emissions and typically originate from 

leaking equipment.  
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4.5.3 EN standards 
 

Table 4.6 lists EN standards for the monitoring of diffuse and fugitive emissions. 

 

 
Table 4.6: EN standards for the monitoring of diffuse and fugitive emissions 

Standard Title  

EN 15445:2008 
Fugitive and diffuse emissions of common concern to industry sectors - 

Qualification of fugitive dust sources by reverse dispersion modelling 

EN 15446:2008 

Fugitive and diffuse emissions of common concern to industry sectors - 

Measurement of fugitive emission of vapours generating from equipment and 

piping leaks 

EN 16253:2013 

Air quality - Atmospheric measurements near ground with active Differential 

Optical Absorption Spectroscopy (DOAS) - Ambient air and diffuse emission 

measurements 

 

 

EN 15445:2008 specifies a reverse dispersion modelling method to qualify the diffuse dust 

emission rates of industrial installations or sites. The method relies on calculations using a 

dispersion model and the definition of an experimental set-up for sampling. It takes into account 

field data such as the number, height and width of diffuse dust emission sources, the results of 

ambient air dust measurements, sampling distances between emission sources and sampling 

sites, and meteorological information. The standard does not allow quantification of the dust 

emission rates in absolute figures, but it is a tool to identify relevant emission sources and to 

implement prevention and reduction techniques. EN 15445:2008 states that it should not be 

used for compliance assessment or for the comparison of different installations belonging to the 

same industrial sector [ 247, CEN 2008 ]. 

 

EN 15446:2008 applies to the measurement of fugitive emissions of volatile organic 

compounds (VOCs) from process equipment. VOCs are defined as all products of which at least 

20 wt-% show a vapour pressure higher than 0.3 kPa at 20 °C. The method, often referred to as 

the 'sniffing method', uses portable instruments to detect VOC leaks from individual sources. 

Any detector type is allowed (e.g. based on catalytic oxidation, infrared absorption, flame 

ionisation or photo ionisation), provided it meets the specifications and performance criteria of 

the standard. In addition, EN 15446:2008 describes a procedure to estimate the emission rate 

from individual sources and the total emissions of the installation over a given reporting period 

(generally a year) by means of a set of correlations [ 248, CEN 2008 ]. Sniffing is often used in 

leak detection and repair (LDAR) programmes [ 143, COM 2015 ], [ 154, COM 2016 ]. 

 

EN 16253:2013 describes the use of active Differential Optical Absorption Spectroscopy 

(DOAS) with a continuous radiation source for the determination of gaseous compounds 

(e.g. NO2, SO2, O3, Hg, benzene, toluene, xylene and other VOCs) in ambient air or in diffuse 

emissions. DOAS systems support direct multi-constituent measurements. They rely on the 

absorption of near ultraviolet, visible and/or near infrared light by gaseous compounds along an 

open monitoring path between a radiation source and a spectrometer. The measurement is 

conducted at wavelengths typically ranging from 250 nm to 2 500 nm and with a high spectral 

resolution of 0.1ï1 nm. As the technique uses differential absorption instead of absolute 

absorption, the results are not affected by absorption and scattering due to particles or droplets. 

DOAS might be used as an alternative measuring technique, on which emission estimates can 

be based in those cases when direct measurements cannot be used adequately for the monitoring 

of diffuse emissions, such as emissions from area sources, from sewage treatment plants and 

from leaks in production areas or pipeline systems [ 249, CEN 2013 ].  

 

Independent of the aforementioned EN standards, EN 15259:2007 can also be used if direct 

emission measurements are carried out at diffuse sources, in particular the planning and 

reporting aspects of this standard [ 45, CEN 2007 ]. 
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In 2012, the European Commission issued a mandate to CEN to prepare a new European 

standard for the quantification of diffuse and fugitive VOC emissions to air, in particular from 

the storage, transfer and handling (loading/unloading) of such compounds [ 251, COM 2012 ]. 

In 2017, the Technical Committee CEN/TC 264 'Air quality' was therefore developing a 

standard covering optical gas imaging (OGI) (see Section 4.5.4.1), differential absorption 

LIDAR (DIAL) and solar occultation flux (SOF) (see Section 4.5.4.2.1), as well as 

calculation/estimation methods (see Section 4.5.4.3) [ 78, CEN 2017 ]. 

 

 

4.5.4 Other methods 
 

4.5.4.1 Measurements at source 
 

Direct measurements 

Direct measurements are based on the measurement of a volume flow and a concentration in 

defined representative parts of an emission source area, for example under a hood, in a wind 

tunnel or at hall openings (windows, gates, ridge turrets) [ 235, VDI 2005 ], [ 236, VDI 2011 ]. 

 

Sniffing 

Sniffing is described in EN 15446:2008 [ 248, CEN 2008 ] (see Section 4.5.3). 

 

Optical gas imaging 

Optical gas imaging (OGI) uses small lightweight handheld IR cameras which enable the 

visualisation of gas leaks in real time, so that they appear as 'smoke' on a video recorder, 

together with the normal image of the equipment concerned. This technique is primarily used to 

easily and rapidly locate significant VOC leaks, e.g. from process equipment, storage tank 

fittings, pipeline flanges or vents. Active OGI systems are based on the backscattering of an IR 

laser beam by the equipment and its surroundings, while passive OGI systems are based on the 

natural IR radiation emitted from the equipment and its surroundings [ 143, COM 2015 ]. 

 

An advantage of OGI is the possibility to detect leaks under insulation and to screen from a 

distance, so that VOC emissions from equipment not accessible for sniffing can be located. 

However, the sensitivity of OGI systems was reported to be lower than that of traditional 

sniffing equipment. OGI works particularly well with alkanes, but less so with aromatic 

compounds. OGI is often used in leak detection and repair (LDAR) programmes [ 143, COM 

2015 ], [ 154, COM 2016 ]. Recent research suggests that OGI might also be used to quantify 

hydrocarbon emission rates under certain conditions [ 237, CONCAWE 2017 ]. 

 

In the Netherlands, NTA 8399:2015 provides guidelines for detecting diffuse VOC emissions 

using passive OGI systems [ 134, NEN 2015 ]. 

 

OGI can also be for the detection of fugitive emissions of inorganic compounds such as 

ammonia, chlorine dioxide, nitrous oxide, sulphur dioxide and sulphur hexafluoride. 

 

 

4.5.4.2 Remote measurement methods 
 
4.5.4.2.1 Optical remote sensing 

 

Optical remote sensing (ORS) methods are a specific type of remote measurement methods 

which are conducted away from the point or area where the pollutant is emitted. ORS methods 

measure the concentration of air pollutants based on their interaction with electromagnetic 

radiation (i.e. UV, visible or IR light). Some methods are capable of measuring one or two 

compounds (e.g. TDL), others are capable of measuring several compounds simultaneously 

(e.g. UV-DOAS), and others are capable of measuring a large number of compounds 

simultaneously (e.g. FTIR).When combined with meteorological data, ORS methods allow for a 
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calculation of the emission rates of pollutants downwind of diffuse emission sources [ 136, US 

EPA 2011 ]. 

 

Several ORS methods are in use [ 136, US EPA 2011 ], [ 143, COM 2015 ], [ 154, COM 

2016 ]: 

 

¶ DOAS (Differential Optical Absorption Spectroscopy): DOAS is described in 

EN 16253:2013 [ 249, CEN 2013 ] (see Section 4.5.3). 

¶ FTIR spectrometers and tunable diode lasers (TDLs) are similar to DOAS as they also 

rely on the absorption of light by the pollutant(s). The difference is that FTIR 

spectrometers record the light intensity over a wide spectral IR range using a Fourier 

transformation, while in TDLs the wavelength of the laser is tuned over a selected 

absorption band of the pollutant [ 136, US EPA 2011 ]. 

¶ DIAL  (differential absorption LIDAR): DIAL uses lasers directed into the atmosphere 

to measure aerosols, dust, or gaseous compounds. Spatial concentrations are obtained 

from the reflected or backscattered light at two wavelengths: one at the absorption band 

of the pollutant(s) and the other just outside it. The latter is used to measure the 

background light scattering. The ratio of the backscattered light intensity at the two 

wavelengths is measured and combined with the time delay of the return signal. The 

ratio allows the concentrations of the pollutant(s) to be determined while the time delay 

is used to determine the location. By measuring the backscattered light at different 

angles from the source, the data can be processed to show the two-dimensional plume 

shape of an emission [ 136, US EPA 2011 ]. 

The main advantage of DIAL over other ORS methods is its ability to spatially locate 

the concentrations of the pollutant(s) [ 136, US EPA 2011 ]. Moreover, DIAL allows 

more comprehensive measurements of diffuse emissions, which may be underestimated 

when using other methods [ 135, Chambers et al. 2008 ], [ 252, Robinson et al. 2011 ]. 

However, the number of wavelengths that can be generated by laser technology is 

limited and thus so too is the number of pollutants that can be monitored. Additionally, 

the costs of using DIAL are reported to be high [ 136, US EPA 2011 ]. 

¶ SOF (solar occultation flux): SOF is a passive ORS method which uses the sun as a 

broadband light source. A SOF system contains three components: a spectrometer to 

measure the solar radiation (usually an FTIR spectrometer), a sun tracker to maintain 

the instrumental orientation to the solar zenith, and a GPS for the accurate measurement 

of the location relative to the gas plume. The SOF system is mounted on a mobile 

vehicle which moves along a given geographical itinerary, crossing the wind direction 

and cutting through emission plumes [ 136, US EPA 2011 ]. 

 

 
4.5.4.2.2 Other remote measurement methods 

 

Tracer gases 

This method consists of releasing a tracer gas at different identified points or areas and at 

various heights above the surface of the installation. Then the pollutant (e.g. VOCs) and tracer 

gas concentrations are measured downwind of the installation by portable instruments, which 

may rely on ORS. The emission rates can be estimated from simple flux assumptions with near 

stationary conditions and assuming insignificant atmospheric reactions or deposition of gases 

between the leakage points and the sampling points [ 3, COM 2003 ], [ 136, US EPA 2011 ].  

 

Ambient air quality measurements 

The qualitative monitoring of diffuse emissions may be performed by ambient air quality 

measurements downwind of the installation (e.g. by diffusive sampling or by analysis of wet 

and dry depositions), which then allows an estimation of the evolution of diffuse emissions over 

time, provided that they can be distinguished from background concentrations and other sources 

[ 3, COM 2003 ]. 
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Reverse dispersion modelling (RDM) 

RDM allows the estimation of the emissions of a source or an installation from downwind 

measured air quality data and meteorological data. To cover all potential emission sources, it is 

common practice to monitor at several points. High plume emissions may not be covered by this 

approach. The (exact) location of a leak might be difficult to indicate with this method [ 3, 

COM 2003 ]. An RDM method for dust is described in EN 15445:2008 [ 247, CEN 2008 ] (see 

Section 4.5.3). 

 

Biomonitoring 

Biomonitoring is described in Section 4.7. 

 

 

4.5.4.3 Calculations and estimations 
 

Mass balances 

Mass balances are described in Section 3.3.3.3.2. A solvent management plan according to 

Part 7 of Annex VIII to the IED (for installations and activities using organic solvents) 

constitutes an example of the application of a mass balance to quantify diffuse emissions of 

organic compounds [ 24, EU 2010 ]. 

 

Emission factors and/or correlations 

Emissions from storage tanks, loading/unloading operations, waste water treatment and cooling 

water systems are often calculated based on general emission factors and/or correlations [ 3, 

COM 2003 ]. Emission factors are described in Section 3.3.3.3.3. 

 

 

4.5.5 Drawing up or review of BREFs 
 

In 2017, a number of BREFs contained BAT on the monitoring of diffuse emissions, including 

the following: 

 

¶ BREF for Iron and Steel Production (IS BREF): BAT 16 specifies that it is BAT to 

determine the order of magnitude of diffuse emissions from relevant sources. Direct 

measurements are preferred over indirect methods or evaluations based on calculations 

with emission factors [ 142, COM 2013 ]. 

¶ BREF for Refining of Mineral Oil and Gas (REF BREF): BAT 6 specifies that it is 

BAT to monitor diffuse VOC emissions to air from the entire site by using the three 

following techniques: sniffing, OGI, and calculations of emissions based on emission 

factors. Moreover, the screening and quantification of site emissions by periodic 

campaign measurements with optical absorption-based techniques such as DIAL or 

SOF is considered a useful complementary technique [ 143, COM 2015 ]. 

¶ BREF for Common Waste Water and Waste Gas Treatment/Management Systems in 

the Chemical Sector (CWW BREF): BAT 5 specifies that it is BAT to periodically 

monitor diffuse VOC emissions to air from relevant sources by using an appropriate 

combination of sniffing, OGI, and calculations of emissions based on emission factors. 

Where large amounts of VOCs are handled, the screening and quantification of 

emissions from the installation by periodic campaign measurements with optical 

absorption-based techniques such as DIAL or SOF is considered a useful 

complementary technique [ 154, COM 2016 ]. 

 

When addressing diffuse and fugitive emissions in BREFs, it seems appropriate to clearly 

define these terms (see Section 4.5.2). 
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4.6 Odour 
 

4.6.1 Overview 
 

Odour emissions occur in several (agro-)industrial sectors, such as the intensive rearing of 

animals, the food industry, the iron and steel industry, the chemical industry, and waste (water) 

treatment. They are caused by channelled or, more often, diffuse sources. Gaseous emissions 

may contain odorous substances which can be perceived by the human olfactory system. These 

substances can be inorganic, such as hydrogen sulphide or ammonia, or organic, such as 

hydrocarbons, sulphur compounds (e.g. mercaptans) or amines.  

 

Depending on the location of the installation, the release of an odorous substance may be 

perceived by the population living in the vicinity of the installation, causing odour nuisance and 

complaints. As a consequence, there may be a need to monitor the odour emissions and, if the 

source can be identified, to take measures to reduce these emissions. 

 
The sensory perception of odours has four major dimensions [ 52, CEN 2003 ]: 

 

¶ detectability: the minimum concentration necessary for detection; 

¶ intensity: the perceived strength of the odour; 

¶ quality: what the odour smells like; 

¶ hedonic tone: the perceived pleasantness or unpleasantness of the odour. 

 

In general, the odour of an emission is composed of several chemical substances. The analysis 

of a single chemical substance is in most cases not sufficient to describe and quantify the odour 

emission and can thus cause significant underestimations. As a consequence, odour 

measurements are performed with human sensors. 

 

Nevertheless, identification of the main odorous substances may also be needed to choose 

appropriate techniques to prevent or reduce odour emissions [ 133, FR 2013 ]. 

 

There are several methods available for monitoring odours quantitatively or qualitatively, by 

direct or indirect methods. The following sections address parameters to describe odours (e.g. 

odour concentration, odour intensity and hedonic tone) and some common methods applied in 

Europe for the measurement of odour emissions. 

 

 

4.6.2 Definitions 
 

According to the relevant European standards, the following definitions apply: 

 

¶ Odour detection: To become aware of the sensation resulting from adequate 

stimulation of the olfactory system [ 52, CEN 2003 ], [ 85, CEN 2016 ], [ 86, CEN 

2016 ]. 

¶ Detection threshold: The odorant concentration which has a probability of 50 % of 

being detected under the conditions of the test [ 52, CEN 2003 ]. At the detection 

threshold, the odour can be perceived by humans but not recognised [ 85, CEN 2016 ]. 

The detection threshold is characteristic for each chemical substance. In the case of 

mixtures of chemical substances, the detection threshold cannot be estimated from the 

detection thresholds of the individual substances [ 246, UK 2013 ]. 

¶ Odour type: Odour that can be recognised and assigned to a certain installation or 

source. Odour types are defined specifically for a survey. One installation can emit 

more than one odour type and several installations can emit the same odour type [ 85, 

CEN 2016 ], [ 86, CEN 2016 ]. 

¶ Odour recognition: An odour sensation that allows positive identification of the odour 

type [ 85, CEN 2016 ], [ 86, CEN 2016 ]. 
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¶ Recognition threshold: The odorant concentration which has a probability of 50 % of 

being recognised under the conditions of the test [ 52, CEN 2003 ]. 

¶ European odour unit (ouE): Amount of odorant(s) that, when evaporated into one 

cubic metre of neutral gas at standard conditions, elicits a physiological response from a 

panel (detection threshold) equivalent to that elicited by one European reference odour 

mass (EROM) evaporated into one cubic metre of neutral gas at standard conditions 

[ 52, CEN 2003 ]. 

¶ European reference odour mass (EROM):  Accepted reference value for the European 

odour unit, equal to a defined mass of a certified reference material. One EROM is 

equivalent to 123 µg n-butanol which produces a concentration of 0.040 µmol/mol if it 

is evaporated into one cubic metre of neutral gas [ 52, CEN 2003 ]. 

¶ Odour concentration: Number of European odour units (ouE) in one cubic metre at 

standard conditions measured by dynamic olfactometry according to EN 13725 [ 52, 

CEN 2003 ].  

¶ Odour intensity:  Strength of odour sensation caused by the olfactory stimulus. The 

odour intensity can be described by an ordinal scale ranging from 0 (no odour) to 6 

(extremely strong odour) [ 56, UK 2011 ], [ 80, VDI 1992 ]. The relationship between 

the stimulus and the perceived odour intensity is logarithmic. Therefore, the relationship 

between the odour concentration and the odour intensity is not linear and can follow a 

different relationship for different (mixtures of) odorants. In addition to the odour 

concentration, the odour intensity is influenced by both the odour quality and the 

hedonic tone [ 52, CEN 2003 ]. 

¶ Hedonic tone: Degree to which an odour is perceived as pleasant or unpleasant [ 85, 

CEN 2016 ], [ 86, CEN 2016 ]. The measurement scale for hedonic tones typically 

ranges from +4 for very pleasant odours (e.g. bakeries) to -4 for foul ones (e.g. rotting 

flesh) [ 56, UK 2011 ], [ 81, VDI 1994 ]. Outside of a laboratory setting, the hedonic 

tone can be subject to substantial variation between individuals [ 93, DEFRA 2010 ]. 

¶ Odour exposure: Contact of a human with a defined odour type, quantified as the 

amount of odorant(s) available for inhalation at any particular moment. As odours have 

no effect below the detection threshold, exposure to recognisable odours may be 

characterised as the frequency of occurrence of concentrations above a certain odour 

concentration (the recognition threshold) [ 85, CEN 2016 ], [ 86, CEN 2016 ]. 

 

 

4.6.3 EN standards 
 

4.6.3.1 Overview 
 

Table 4.7 lists EN standards for odour measurements. 

 

 
Table 4.7: EN standards for odour measurements 

Standard Title  

EN 13725:2003 
Air quality - Determination of odour concentration by dynamic 

olfactometry 

EN 16841-1:2016 
Ambient air - Determination of odour in ambient air by using field 

inspection - Part 1: Grid method 

EN 16841-2:2016 
Ambient air - Determination of odour in ambient air by using field 

inspection - Part 2: Plume method 

 

 

Dynamic olfactometry can be used for inspections at source and allows the determination of the 

emission rate [ 52, CEN 2003 ]. The grid method allows the measurement of the odour exposure 

(as odour hour frequency) [ 85, CEN 2016 ] and the plume method allows the determination of 

the extent of a plume [ 86, CEN 2016 ]. The methods are described in more detail in the 

following sections. 
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4.6.3.2 Dynamic olfactometry 
 

EN 13725:2003 specifies a method for the objective determination of the odour concentration 

of a gaseous sample using dynamic olfactometry with human assessors. Measurement results 

are expressed in European odour units per cubic metre (ouE/m
3
). The standard includes the 

methodology for the determination of emission rates from point sources and area sources with 

or without outward flow [ 52, CEN 2003 ]. 

 

The standard is widely used in Europe (e.g. in Belgium (Flanders) [ 14, BE (Flanders) 2010 ], 

France [ 53, INERIS 2013 ], Germany [ 54, DE 2008 ], [ 89, VDI 2015 ], the Netherlands [ 55, 

NEN 2012 ] and the United Kingdom [ 56, UK 2011 ], [ 87, MCERTS 2015 ]) and is part of the 

accreditation of testing laboratories. 
 

Generally, measurements of odour concentrations represent a specific case of periodic emission 

measurements. Therefore, the generic EN standards for periodic measurements are relevant, in 

particular EN 15259:2007 [ 45, CEN 2007 ] (see Section 4.3.3.1). 
 

Two types of sampling can be carried out: dynamic sampling for direct olfactometry, where the 

sample is ducted directly to the olfactometer and, more commonly, sampling for delayed 

olfactometry where a sample is collected and transferred to a sample container for analysis. The 

advantage of dynamic sampling is the short time period between sampling and measurement 

which reduces the risk of sample modification over time. The disadvantage is that it requires the 

use of ventilated rooms in order to isolate the panel members from the usually odorous ambient 

environment. This is difficult to implement and often requires very long sampling lines which 

may lead to sample modification (e.g. by condensation, adsorption or ingress of air). In contrast, 

delayed olfactometry reduces the measurement uncertainty by placing the panel in the best 

possible conditions [ 52, CEN 2003 ], [ 87, MCERTS 2015 ]. 
 

In the case of delayed olfactometry, the sampling is similar to that of other periodic air pollutant 

measurements (see Section 4.3.3) and comprises, for example, a recommended sampling 

duration of 30 minutes and at least three consecutive measurements. The most common 

sampling system follows the 'lung principle', where the sample bag is placed in a rigid 

container. Subsequently, the air is removed from the container using a vacuum pump. The 

under-pressure in the container then causes the bag to fill with a volume of sample equal to that 

which has been removed from the container. By doing so, the contact of the sample with any 

pump is avoided [ 52, CEN 2003 ], [ 87, MCERTS 2015 ], [ 90, VDI 2011 ]. 
 

Maintaining the sample integrity during handling, storage and transport is of crucial importance. 

This includes [ 52, CEN 2003 ]: 
 

¶ use of odourless materials when in contact with the sample; 

¶ if necessary, sample predilution with nitrogen to avoid condensation, adsorption and 

chemical transformations; 

¶ sample bag conditioning by filling them with sample gas and emptying them again. 
 

EN 13725:2003 sets a maximum storage time of 30 hours. In practice, it is advisable to carry 

out the olfactometric measurement as soon as possible [ 52, CEN 2003 ]. In Germany, proof is 

to be provided that the odour concentration in the samples has not changed if the storage time 

exceeds six hours [ 90, VDI 2011 ]. Additional guidance on sampling for olfactometric 

measurements according to EN 13725:2003 is available in the United Kingdom [ 87, MCERTS 

2015 ] and Germany [ 90, VDI 2011 ]. 
 

For the actual measurement, an olfactometer is used to dilute the sample with neutral gas in a 

defined ratio and to present the diluted gas stream to a panel consisting of at least four selected 

and trained panel members. The odour concentration is measured by determining the dilution 

factor required to reach the detection threshold, where the odour concentration, by definition, is 

1 ouE/m
3
. The odour concentration of the sample is thus expressed as a multiple of 1 ouE/m

3
 at 

standard conditions. In contrast to other periodic measurements, the standard conditions for 
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olfactometry refer to room temperature (293.15 K), normal atmospheric pressure (101.3 kPa) 

and a wet basis. This applies to the olfactometric measurements as well as to the volume flow 

rates of emissions. The conditions were chosen by convention, to reflect typical conditions for 

odour perception [ 52, CEN 2003 ]. 

 

In addition to sampling and measurement, EN 13725:2003 also defines requirements for data 

recording, calculation, reporting and quality assurance [ 52, CEN 2003 ]. 
 

 

4.6.3.3 Grid method 
 

EN 16841-1:2016 describes the grid method for the determination of the level of odour 

exposure in ambient air within a defined assessment area. The method relies on qualified human 

panel members to determine the distribution of the frequency of odour exposure over a 

sufficiently long period (6 or 12 months) to be representative of the meteorological conditions 

of that location. The sources of the odorant under study may be located within or outside the 

assessment area. [ 85, CEN 2016 ]. 

 

The parameter measured by the human panel members is the 'odour hour frequency' which is the 

ratio of positive test results (number of odour hours) to the total number of test results for an 

assessment square (or in special cases for a measurement point). The odour hour frequency is an 

odour exposure indicator and can be used to assess the exposure to recognisable odour 

originating from one or many specific odour source(s) emitting in a particular area of study, 

independent of whether the odour emissions are channelled or diffuse [ 85, CEN 2016 ].  

 

If the odour types are recorded separately, the identification of the source among several 

installations with different odour types is feasible. However, if several installations emit the 

same odour type, identifying the emitter can be significantly more difficult and will require 

analysis of wind measurements [ 85, CEN 2016 ]. 
 

 

4.6.3.4 Plume method 
 

EN 16841-2:2016 describes the plume method for determining the extent of recognisable 

odours from a specific source using direct observations in the field by human panel members 

under specific meteorological conditions (i.e. specific wind direction, wind speed and boundary 

layer turbulence) [ 86, CEN 2016 ]. 

 

The odour plume extent is described by points where a transition from absence to presence of 

the recognisable odour under investigation occurs. The shape of the plume is delineated by a 

smooth interpolation polyline through the transition points, the source location and the location 

determined by the maximum plume reach estimate [ 86, CEN 2016 ]. 

 

The results are typically used to determine a plausible extent of potential exposure to 

recognisable odours or to estimate the total emission rate using reverse dispersion modelling. 

The plume extent measurement is particularly useful as a starting point for estimating emission 

rates for diffuse odour sources where sampling at source is impracticable [ 86, CEN 2016 ]. 
 

 

4.6.4 Other methods 
 

4.6.4.1 Overview 
 

Practices for odour monitoring vary considerably from one Member State to another. Two 

examples are described in Section 4.6.4.2. Moreover, a number of monitoring methods are 

standardised at national level. These methods are based on panels (see Section 4.6.4.3) or 

surveys (see Section 4.6.4.4). The principles and restrictions of using electronic sensor systems 

are described in Section 4.6.4.5. 
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4.6.4.2 Examples of odour monitoring practices in Member States 
 

In Ireland, a procedure is in place which offers a consistent and systematic approach to the 

assessment of odours on site and in the vicinity of installations that are licensed by the Irish 

EPA, using a special 'Odour Investigation Field Record Sheet' [ 124, IE EPA 2010 ]. 

 

In England, several different monitoring methods can be used for the assessment of odours: 

sniff testing (to check ambient air on or off site); meteorological monitoring; complaints; odour 

diaries; surrogate chemicals or process parameters; emissions monitoring; and spot samples 

followed by olfactometric measurements according to EN 13725:2003 [ 56, UK 2011 ], [ 93, 

DEFRA 2010 ]. 

 

 

4.6.4.3 Odour monitoring with panels 
 

Examples of national standards for odour monitoring with panels include the following: 

 

¶ NF X43-103:1996 describes a method to determine the odour intensity of a particular 

sample by comparison with that of a reference scale, defined by an orderly series of 

concentrations of a pure substance, for example, of n-butanol. The measurement relies 

on a panel of six to eight members. For field measurements in the vicinity of 

(agro-)industrial installations, measuring points are defined according to the impact 

distances of the plant and the direction and velocity of the prevailing winds. 

Meteorological conditions are registered during measurements. Intensity perception can 

then be correlated with the examined plant (odour intensity mapping) [ 82, AFNOR 

1996 ], [ 123, ADEME 2009 ]. 

¶ VDI 3882 Part 1:1992 and VDI 3882 Part 2:1994 describe the use of dynamic 

olfactometry to determine the odour intensity and the hedonic tone, respectively [ 80, 

VDI 1992 ], [ 81, VDI 1994 ]. Compared to the measurement of odour concentrations, 

these methods require larger panels and a larger range of odour concentrations to be 

presented to the panel members. The latter can cause serious contamination problems in 

the dilution system of the olfactometer. Also, care needs to be taken as suprathreshold 

concentrations can cause adaptation. Therefore, costs are higher compared to the 

measurement of odour concentrations and the methods are rarely used in practice [ 91, 

Both 2013 ], [ 246, UK 2013 ]. 

¶ VDI  3940 Part 3:2010 allows the determination of the odour intensity and hedonic tone 

in the field. It is mainly applied together with grid or plume measurements (see 

Sections 4.6.3.3 and 4.6.3.4). The method uses selected and trained panel members [ 83, 

VDI 2010 ]. 

¶ VDI  3940 Part 4:2010 describes a polarity profile method to determine the hedonic 

tone of odour samples or odours perceived in ambient air on the basis of pairs of 

opposites. By doing so, it is possible to clearly identify pleasant odours ('fragrance') or 

unpleasant odours ('stench'). The method uses selected and trained panel members [ 84, 

VDI 2010 ]. 

¶ VDI 3940 Part 5:2013 provides further instructions and examples for the use of 

VDI 3940 Part 3:2010 and VDI 3940 Part 4:2010 [ 92, VDI 2013 ]. 
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4.6.4.4 Odour surveys 
 

Examples of national standards for odour surveys include the following: 

 

¶ VDI  3883 Part 1:2015 describes a survey method using questionnaires to determine the 

actual or potential odour annoyance caused by odour exposure in a residential area. In 

each survey area, depending on the survey objective, a minimum number of households 

has to be investigated and one person per household needs to be interviewed. The 

results are intended to identify objectively and quantifiably the odour annoyance level 

of the residents [ 238, VDI 2015 ]. 

¶ VDI  3883 Part 2:1993 describes a survey method for determining the existing odour 

annoyance by using local volunteers. They are repeatedly questioned as to their 

momentary odour perception and their rating of the degree of annoyance. This can be 

carried out using postcards or by telephone. The results of a longer period of time are 

used to quantify the annoyance caused by odours in a defined survey area [ 239, VDI 

1993 ]. 

 

The objective of the two methods described in VDI 3883 is to assess the degree of annoyance of 

residents caused by odours in ambient air. They are not aimed at estimating odour emissions. 

Comparisons with the results of grid measurements and dispersion modelling will help to 

establish some correlations afterwards. 

 

Other types of odour surveys, such as 'odour diaries', register and analyse the odour complaints 

of residents in a specific area, together with additional information on the perceived odour [ 56, 

UK 2011 ], [ 93, DEFRA 2010 ]. Information from odour complaints may be a direct indication 

of odour annoyance, but the information collected should be interpreted carefully, as the driving 

force for odour complaints might not be the perceived odour but rather another reason. On the 

other hand, the absence of odour complaints does not necessarily mean that there is no odour 

nuisance [ 238, VDI 2015 ]. 

 

 

4.6.4.5 Electronic sensor systems 
 

Electronic sensor systems, also called 'electronic noses' or 'e-noses', are multi-gas sensor 

systems intended to detect gaseous substances [ 55, NEN 2012 ]. Because the sensors cannot 

smell like the human olfactory system, these substances may be both odorous and non-odorous 

gases. Electronic sensors therefore show a broader sensitivity spectrum than the human nose, 

the extent of the spectrum depending on the sensor types used.  

 

Electronic sensors include three major parts: a sample delivery system, a detection system and a 

data processing system. The sample delivery system generates the headspace (volatile 

compounds) of a sample, which is the fraction injected into the detection system, where an 

array of sensors, usually six, is located. Each sensor is more or less sensitive to all volatile 

molecules but each in its specific way. Mostly sensor arrays that react upon contact are used: the 

adsorption of volatile compounds on the sensor surface causes a physical change in the sensor. 

Commonly used sensors are metal oxide semiconductors, conducting polymers, quartz crystal 

microbalances and surface acoustic waves. The data processing system records the responses 

of the sensors, which represent the input for the data treatment. The signals of the sensors are 

combined and a global fingerprint analysis is performed based on statistical models [ 126, 

INERIS 2009 ], [ 127, Peris et al. 2009 ].  

 

To train electronic sensor systems, samples are analysed in parallel by olfactometry and the 

electronic sensor system, in order to: first, create a qualitative fingerprint database to recognise 

the gas composition (i.e. the odour) and, second, develop a mathematical model that is able to 

convert the raw sensor data into odour concentrations. This usually requires a reasonable 

number of parallel measurements. An electronic sensor system 'trained' for specific sources 

cannot be used to monitor other sources or another plant without new adapted 'training'. 
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Moreover, depending on the odorous compounds that constitute the emissions to survey, the 

'training' to define a possible correlation between the sensor signals and the odour emission 

could be very difficult to establish or may only be established with great uncertainty [ 126, 

INERIS 2009 ]. 

 

Typical applications for electronic sensor systems are semi-qualitative or semi-quantitative 

control of material or product qualities as well as of processes, where changes in gas 

composition need to be detected, including qualitative controls of abatement systems. 

 

In 2017, there was no EN or ISO standard available which describes how to apply electronic 

sensor systems [ 59, CEN 2018 ], [ 112, ISO 2018 ]. In the Netherlands, the Netherlands 

Technical Agreement (NTA) 9055 sets out requirements for the use of electronic ambient air 

monitoring [ 125, NEN 2012 ]. 

 

 

4.6.5 Drawing up or review of BREFs 
 

The impact of odour emissions depends on a number of factors including the distance to the 

receiver, the local meteorological conditions, the type of source, the odour type, the individual 

perception, the hedonic tone and the emission rate. 

 

Because of these factors, BAT conclusions generally focus on techniques to prevent or reduce 

odour emissions (e.g. in the BREFs for Common Waste Water and Waste Gas 

Treatment/Management Systems in the Chemical Sector (CWW BREF) [ 154, COM 2016 ], the 

Production of Pulp, Paper and Board (PP BREF) [ 160, COM 2015 ], the Production of Wood-

based Panels (WBP BREF) [ 195, COM 2016 ], and the Tanning of Hides and Skins (TAN 

BREF) [ 179, COM 2013 ]). 

 

In a few cases, BAT on odour monitoring were also defined (e.g. in the BREFs for Common 

Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector (CWW 

BREF) [ 154, COM 2016 ] and the Production of Wood-based Panels (WBP BREF) [ 195, 

COM 2016 ]). 

 

In 2017, the TWG for the review of the BREF for Waste Treatment (WT BREF) decided to set 

a BAT-AEL for odour emissions from the biological treatment of waste as an alternative to the 

BAT-AEL for ammonia emissions [ 280, COM 2017 ]. 

 

 

 














































































































































































































