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Continuous measurement of the most important emissions of
pollutants is intended to ensure that the conditions imposed
upon industrial plants to limit emissions are actually
adhered to in normal everyday operation. They thus make a
considerable contribution to maintenance of air quality. As
operators of industrial installations have a right to equal
treatment with regard to the mandatory measurements and wish
to be protected against unjustified consequences, high
demands are placed on the measurements in terms of
reliability and accuracy. These demands can only be
fulfilled by a package of quality assurance procedures.
These procedures have been gradually developed, tried out
and implemented over the last twenty years. They have been
instrumental in the fact that the measuring equipment
developed to fulfil the requirements legally valid in
Germany is amongst the best in the world.

1. Fundamentals of quality assurance
The quality of emission measurements depends essentially on
three programmes in which the scientific community, industry
and government authorities all play a different part (figure

making available reference measuring methods
preparing and performing tests to establish the
suitability of measuring instruments

training and accreditation of independent expert bodies
The measuring and testing institutes assume important
responsibilities. They have therefore been specially marked
in figure I regardless of whether they belong to the
category science, industry or the administration.

1.1 Reference measuring methods and materials
Different measuring methods used for one and the same
measuring task will not produce identical results. This
general experience suggests setting down limit values for
emissions in conjunction with a qualified measuring method
to assure uniform monitoring. Reference measuring methods of
this kind are either used directly to check that the
conditions imposed to limit emissions are adhered to, or
they are used to check and calibrate other measuring methods
which are intended to produce similar results. This is of
particular importance for continuous emission monitoring.
The introduction of reference measuring methods in the
Federal Republic of Germany is for the main part a result of
the work carried out on guidelines by the Commission on Air
Pollution Prevention of the VDI (Association of German
Engineers) and DIN (German Standards Institute). The
prerequisite is that a suitable measuring method exists and
has been successfully tried out in practice by two
experienced measuring institutes. If this condition is not
met a research institute with advisory back-up from the
relevant VDI working group carries out the necessary
development work within the framework of a research and
development project. The VDI working group, consisting of
representatives from the fields of science, industry and the
administration, ensures on a voluntary basis the
standardisation of the measuring method chosen. The outcome
of this work is that the method is comprehensively described
in a VDI Measurement Guideline which gives details of the
performance parameters of the method which characterise the
quality of the measuring method.
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State recognition of the VDI methods is accorded by the fact
that specific reference is made to them in the legal and
administrative regulations to the Federal Immission Control
Law (BImschG). For example, Annex G to the Technical
Instructions on Air Quality Control (TA Luft) contains a
list of all the VDI Guidelines on emission measurement
technology which were available as a "white paper", (that is
the version passed after the conclusion of the period
reserved for objections by the public), when these Technidal
Instructions were passed with the stipulation that
measurements be carried out in accordance with these VDI
measuring methods. The majority of these Guidelines consist
of several sheets. This usually means that there are several
VDI methods for a particular pollutant. The Technical
Instructions do not make any evaluation nor select the
methods available but rely on the measuring institutes
contracted to carry out the measurements to use their
professional judgement to decide which method to use.
To assure maintenance of quality, reference materials such
as test gases are required as well as reference measuring
methods. These are defined in the VDI Guideline VDI 3950
"Calibration of automatic emission measuring installations"
as calibration aids to check the correct functioning of
measuring methods and equipment.

1.2 Suitability testa
For continuous measurements as defined in Article 29 of the
Federal Immission Control Law (BImschG) only measuring
instruments which have passed a suitability test method and
been pronounced suitable by the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety may be
used. This stipulation also applies to electronic evaluation
systems. The suitability test procedure is intended to.
ensure adequate quality and good comparability of
measurements and that emission monitoring methods are
uniform throughout the country. The scientific principles

were worked out in a series of research and development
projects commissioned by the Federal Environmental Agency
(UBA). The results of these projects were incorporated into
guidelines that were passed by the Commission of the Federal
States on Environmental Standards (LAI) and published by the
Federal Ministry for the Environment, Nature Conservation
and Nuclear Safety. These guidelines set out what is to be
tested and which criteria should be used to evaluate the
results of the tests. The guidelines contain minimum
requirements particularly for those performance parameters
which are crucial to the quality of the measurements and for
which proof of adherence during the suitability test must be
provided. It is the responsibility of the test institute
commissioned, following a test plan worked out jointly by
all the tests institutes, to determine in each case which
tests are necessary to provide proof.
Suitability tests are normally commissioned and paid for by
the measuring equipment manufacturers. Depending on the
interest in each particular case there are, however, other
financing possibilities. The Federal Environmental Agency
has had numerous suitability tests carried out. Use was made
of the agreement reached in the LAI that the results of the
research projects undertaken to work out minimum
requirements may be counted as being part of the suitability
tests. Other suitability tests have been financed by
individual federal states or by operators who were
particularly interested in solving a particular measuring
problem.
On completion of a suitability test the test institute
commissioned prepares a report on the results which is
submitted to the competent state and federal authorities for
comment. If the LAI's comments are positive the notice of
suitability is published by the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety in the
Joint Ministerial Gazette.

Over the years the suitability test procedure has déveloped
into a successful programme. The overview in figure 2
conveys an idea of this. The left column lists pollutants
which, under the Technical Instructions on Air Quality
Control, are to be continuously measured as soon as
emissions exceed a specified hourly rate. The right column
lists the measuring principles on which the instrumentation
which has undergone suitability testing is based. The
cross-references show that suitability tested measuring
instruments are available for all relevant pollutants and
that in most cases there is a selection of equipment
available which work on different measuring principles.

1.3 Accreditation of independent expert bodies
The accreditation and publication of qualified measuring and
testing institutes occurs in three stages. As a general
principle it can be said that if emission measurements are
to be recognised by the supervising authority they may be
carried out by designated institutes only. In each federal
state there are a number of measuring institutes to choose
from, which the highest state authority responsible for
immission control has announced to be accredited as defined
in Article 26 of BImschG. This restriction does not call
into question the fact that large operators would be capable
of carrying out all the required measurements themselves
both in terms of equipment and staff. This procedure of
giving notice of accreditation is intended to ensure that
the measuring institutes are not only properly qualified but
also have the required impartiality and objectivity.
Operators do, however, have the opportunity to choose from
the approved measuring institutes.
The requirements to be fulfilled in order to gain
accreditation as defined in Article 26 of the BImschG are
laid down in guidelines published by the LAX. When
processing an application from a measuring institute the
competent authority must inspect the institute to ensure
that the best available measuring equipment is used and that
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the person in charge of the testing and his or her sz.a==
sufficiently qualified and have the necessary practical
experience and personal integrity. After giving notice of
accreditation, the authority must carry out regular checks
to ensure that the measurements are being carried out with
the care required and to the necessary standard. To this end
the measurement reports, for which principles were worked
out by the LAI, should be checked and on-site inspections
carried out during emission measurements. Comparative
measurements could provide a further important contribution
to quality assurance. This is at present, however, not
technically feasible. The Institute for Environmental
Protection of the state of Baden-Wilrttemberg, with the
support of the Federal Environmental Agency, has carried out
comprehensive planning for a test bay for comparative
emission measurements. No decision has been taken to date on
whether this expensive installation can, or should, be
constructed.
For the activities described in section 2.4 which for
continuous emission monitoring are to be carried out by an
independent expert body, Article 26 of the Large Furnaces
Order (13. BImschV) and Section 3.2 of the Technical
Instructions on Air Quality Control require notice of
accreditation by the highest state authority. It should be
noted that the accredited institutes as defined in Article
26 of the Federal Immission Control Law are not
automatically authorised to carry out these activities but
require particular authorisation to do so, which was only
accorded to a selected number of the institutes defined
under Article 26.
Over and above this a small number of measuring institutes
are authorised to carry out the suitability tests mentioned
in section 1.2. Authorised to do this are institutes which
have carried out relevant research and development projects
which make them particularly well qualified for the purpose.
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ljuslity assurance in practice
The reliability of emission measuring instruments can only
be completely assured if each individual case is supervised
by qualified experts. To this end there is a network of
procedures for quality assurance for which four institutions
are responsible (figure 3):
the supervising authority
-

the operator of the plant

-

the manufacturer of the measuring equipment
an independent expert body commissioned by the operator

2.1 Duties of the supervising authority
The supervising authority must ensure that the relevant
legal and-administrative provisions are observed and adhered
to during, the construction and operation of a plant which is
subject to prior approval. This also applies to the
continuous monitoring of emissions. The requirements on this
laid down. in various regulations (for example in the 13th
and 17th Order to the Federal Immission Control Law - 13.
BImschV and 17. BImschV) have an immediate legal effect,
that is they require no further implementation to justify
imposing obligations on the operator. In contrast to this
the Technical Instructions on Air Quality Control are
administrative regulations addressed directly and
exclusively to the authorities so that it is necessary to
include in the notification of approval detailed clauses
requiring monitoring of emissions.
This means that the authorities also have the responsibility
for ensuring that the requirements of these conditions are
adhered to in normal daily operation. This happens mainly in
the form of regular inspections in the plant and review of
the data printouts on the continuous monitoring of
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emissions. The supervising authority is also obliged to
review the measuring reports submitted annually by the
companies. The basis of this reporting on continuous
emission monitoring is the complete data printout at the end
of each year. Using this printout, the authority must
evaluate the result of the continuous measurements and
determine whether the conditions imposed to limit emissions
have been complied with. If this is not the case the
authority must initiate improvement measures or impose
fines.
As described in section 1.3, it is also the duty of the
authority to supervise the activities of the independent
expert bodies carrying out continuous monitoring of
emissions (section 2.4) and to evaluate the test reports
which they submit on these activities.

2.2 Duties of the operator
The main responsibility for continuous emission monitoring
lies with the operator of an installation which is subject
to approval. He must ensure that the applicable requirements
and conditions imposed during the construction and operation
of the plant are fully adhered to so that the supervising
authority, when inspecting the plant or reviewing the
measuring and test reports, has no cause for objections.
Measuring reports must be drawn up by the operator each
calendar year and submitted to the authority within three
months after the end of the year. One of the basic
responsibilities of the operator is the commissioning of an
independent expert body to carry out the activities
described in section 2.4.
An important aspect of planning and constructing a new
plant, or converting and extending an existing one, is to
install suitable measurement sites. As on numerous occasions
in the past insufficient attention was paid to this
responsibility, it has been expressly mentioned in the Large
Furnaces Order and in the Technical Instructions on Air
It

Quality Control and the requirement made that the
measurement sites be chosen in such a way as to be
representative for the emissions of the plant and that it be
possible to make accurate measurements of emissions. The
next task consists of selecting appropriate measuring
equipment and having it properly installed.
The Technical Instructions on Air Quality Control also
require that the operator ensures that the measuring
equipment be regularly serviced and tested for proper
functioning. This requirement makes it clear that the main
part of the routine work in connection with continuous
emission monitoring is the responsibility of the operator.
He is both obliged and trusted to take the responsibility
for work essential to quality assurance. The operator can
decide himself which work he would like to have carried out
by his own staff and which to contract out to outside firms.
A particularly important responsibility of the management is
to make specific use of the emission data gained from the
measurements to optimise operation. The implementation of
the Large Furnaces Order triggered off a noteworthy learning
and re-thinking process in this connection. One indication
of this is that evaluation systems which far exceed the
minimum requirements laid down by the state for the
suitability tests and which offer the user advantageous
options have become the market leaders. Many operators have
learnt through practical experience that emission data can
be used to bring about economic improvements.
The systems for automatic in-situ evaluation of emission
measurements also have considerable direct significance for
quality checking, due amongst other things to plausibility
testing of measurements or registration and use of status
signals. In this way periods during which the measuring
equipment was not in use due to maintenance work or a
defect, as well as non-use periods of waste gas cleaning
installations can be recorded.

2.3 Duties of the measuring equipment manufacturers
The main responsibility of manufacturers of measuring
instruments is to offer a wide range of apparatus which has
passed the suitability tests, meets the needs of daily
practice, and does not incur unreasonable costs. In addition
to this the manufacturers are often called upon to install
the measuring equipment and also quite frequently to service
and maintain it. If a particular company does not have
adequately trained staff and the necessary equipment it is
essential that they sign a maintenance contract. In practice
it has proved sensible to divide the work and have routine
checking of important functions of the equipment and simple
maintenance work carried out by in-house staff whilst more
detailed servicing and repairs are carried out by the
manufacturer's service department. The frequency and extent
of the maintenance work differ according to the measuring
equipment and also depend to some extent on operating
conditions. Reliable guidance is provided by the reports on
the suitability tests which include instructions on how to
determine the appropriate maintenance intervals.

2.4 Duties of the independent expert body
The Large Furnaces Order and indirectly the Technical
Instructions on Air Quality Control oblige the operator to
call upon an independent expert body which has three
responsibilities. This body gives advice on the choice of
measuring equipment and its installation and issues a
certificate to this effect which the operator submits to the
supervising authority. The important thing about this
activity is to choose the sampling site in such a way that
the concentrations of pollutants will be representative •
despite variations which depend on the time and place of
sampling. There is no express requirement that the
independent expert be involved in the construction of the
measurement sites but it is nevertheless highly recommended.
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The second responsibility of the independent body is to
check the proper functioning of all the measuring equipment.
This includes inspection and implementation of the connected
evaluation system. The function check must be performed for
the first time when the measuring equipment goes into
service and before it is calibrated and subsequently must be
repeated once a year.
The third responsibility of the independent body is to
calibrate each individual measuring instrument. This is
necessary because not all defects in individual instruments
can be identified and eliminated by the suitability tes-Es.
To verify the accuracy of the measurements, comparative
measurements must as a rule be taken using a reference
measuring procedure. The results are used to make regression
calculations in order to derive the analysis function which
is then used for the automatic evaluation. Calibration must
be carried out after any fundamental change to the plant or
the substances used and after a maximum of five years. In
the case of large furnaces which exceed 300 MW it must be
carried out after three years.

