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Pilot project for digital NO2 measurements

Background:

While levels of particulate matter (PM10 and PM2.5) have been complied with in Munich since 
2012, this is not the case – despite an identifiable downward trend – for annual limit values of 
NO2. In some districts in Munich, the annual NO2 limit value continues to be exceeded. Nitrogen 
dioxide (NO2), in roadside areas primarily the result of traffic, remains a political and public focus. 
It is also a subject of court proceedings, even if these – in the case of the City of Munich – are 
focused on the Free State of Bavaria, which is responsible for air pollution control.

In order to monitor the concentration of NO2 in the city, Munich therefore operates a voluntary 
measurement network in addition to the official LÜB1 network from the Bavarian Environment 
Agency (LfU). For this purpose, passive samplers, operated by a measuring agency on behalf of 
the Department of Climate and Environmental Protection (RKU), are used at 44 locations across 
the city. These passive samplers enable measurements of the average NO2 concentration at a 
particular location over a longer period of time, generally several weeks. Passive samplers meet 
the requirements of the 39th Ordinance Implementing the Federal Immission Control Act 
(BlmSchV) and represent the recognized state of the art for the task at hand. It can thus be reliably 
determined whether the annual limit value for NO2 specified in the 39th BlmSchV can be complied 
with at the respective measuring location. Compliance with legal regulations is the primary benefit 
of the measuring method used by the RKU.

One disadvantage of the passive samplers is that it is not possible to measure short-term 
fluctuations (at daily or hourly intervals) in NO2 levels. In addition, the individual measurements 
are not available until, at the earliest, several weeks after the sampling interval. It will therefore not 
be possible to use passive samplers to meet future requirements for measuring systems to 
record air pollutants in a smart city context. For effective short-term, environmentally sensitive 
traffic management, for example, measuring systems would have to a) generate measurements at 
as many locations as possible, in order to measure traffic levels over a large surface area, b) 
provide measurement data over averaging periods comprising hours or even minutes, and c) 
provide this data in a digital form as quickly as possible.

The chemiluminescence procedure defined as a reference method in the 39th BlmSchV fulfills 
these requirements and also generates reliable data. For example, the continuously active 
measuring systems from the LfU which are used at the measuring stations of the LÜB 
measurement network function according to this method. The primary drawbacks of these 
systems are the high costs and the relatively large amount of space required. The method is 
therefore not feasible in the context of a city-wide measurement network which is intended to 
provide data from the largest possible surface area for environmentally sensitive traffic 
management.

Digital sensors or low-cost sensors represent a considerably cheaper alternative which is 
increasingly capable of meeting the stated requirements. Even if official certification of conformity 
with the legal requirements (particularly of the 39th BImSchV) has not yet been issued, on the 
European level the Working Group CEN/TC 264/WG 42 of the European Committee for 
Standardization (CEN) is working to establish the respective technical standards. Publication can 
be expected in summer/fall 2021.

In particular with respect to future areas of use (in a smart city context), one aim of the Munich 
Innovation Competition’s pilot project is to discover how measurements of NO2 – possibly 
expanded to include other relevant air pollutants – can be further developed using (cheaper) digital 
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measuring systems. Possible areas of use should be examined, with voluntary testing. The 
validation of data should also be further developed.

Question/challenge:

How can a – preferably digital – sampling method provide data of NO2 concentrations to the City of 
Munich? The concentrations measured by the sampling device must stand up in court, must be 
compliant with the requirements and regulations of the 39th Federal Immission Protection 
Ordinance (Neununddreißigste Verordnung zur Durchführung des Bundes-Immissionsschutz-
gesetzes; 39. BlmSchV), must be directly accessible in terms of time and format, must comprise 
various averaging periods (annual, daily and hourly averages) and must cover as differentiated and 
graduated as possible the greatest possible area of the city of Munich.

At present the municipality of Munich uses a network of devices, that sample NO2 passively during 
a period of about 14 days („Passivsammler“). The samples are afterwards analysed in a laboratory.  
The plan is to use a pilot application to figure out possibilities to expand the established sampling 
network using certified, digital low-cost sensors. The aim is, to collect and provide legally sound 
data on air quality (NO2) in the city so as to visualize the aquired data for the area of the city.  
Expanding the measurement network to record concentrations of other pollutants which are 
relevant to air quality (particulate matter PM10 and PM2.5; ozone, benzene, etc.) would be 
desirable.

Possible criteria which the start-up or proposed solution would have to fulfill:

The competition is aimed at participants that can produce a functioning and operational prototype of 
a sensor system for conducting measurements. The prototype should, to the greatest possible 
degree, meet the requirements of the 39th BImSchV and/or the European Directive 2008/50/EG 
with respect to data quality targets.
In addition to the measuring system requirements set out above, a scientific analysis of the NO2 
measurement data obtained, carried out with a scientific partner and compared to the continuously 
recorded measurement data of the LfU’s reference systems as well as the city’s passive samplers, 
would be desirable. It would be interesting to examine the pilot system’s deviations from the 
reference system defined by the 39th BlmSchV that are caused by meteorological conditions in the 
surrounding environment (temperature, humidity, wind, solar radiation, etc., and their interaction).

Details on the testing area and co-creation phase:

In order to validate the data, it is recommended that the measuring sensors are operated at one or 
more of the LfU’s existing, continuously active NO2 measuring sites, above all at the LÜB sites on 
Landshuter Allee, Stachus and Lothstraße, as well as at one or more of Munich’s 43 passive 
sampler sites. Requirements concerning data transfer to the internet as well as, possibly, the 
power grid, are to be clarified with the Department of Climate and Environmental Protection (see 
contact details below) in advance as part of the application process.

Expected result/effect:

Although NO2 measurements which stand up in a court of law cannot be expected from the digital 
methods employed in the pilot phase, it will nevertheless be possible to identify within what limits 
and areas the measuring systems could be used in the future. We also anticipate that the pilot 
project will aid the certification process for digital sensors. The possibility of incorporation into the 
urban Digital Twin project could be examined during the pilot phase or in a possible future project.

Contact:

Contact person for this pilot project, as part of Munich’s Innovation Competition 2021, is Peter 
Ballarin (email: uvo15.rku@muenchen.de; tel.: 089/233-47392) at the Department of Climate 
and Environmental Protection (RKU).
Interested parties are urged to make contact by phone before submitting their entry to the 
competition.


