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Swiss innovation leads to a particulate matter 
standard for aircraft engines 

 

As recently as the late 1970s, jet aircraft used to trail long plumes of black smoke. Standards were 

developed to eliminate visible soot, which led to measurement procedures to determine the smoke 

number and define emissions limits, ultimately achieving the objective. 

 

  
 

 

However, the smoke number only regulates visible soot, which does not necessarily correlate with the 

public health impact of fine particles. Modern jet engines no longer produce visible soot. Some of the 

particles emitted in their exhaust (ultrafine particles, nanoparticles) are tiny and very light.  They can 

be smaller than one hundredth of a micron (one hundred-thousandth of a millimetre). They are respir-

able and can transport toxic substances in the form of soot, so they are considered as health-relevant, 

particularly if released in the vicinity of persons. Particles of such a small size are not covered by the 

existing smoke number standard. For motor vehicles Europe was at the forefront, with the introduction 

of new standards that made it possible to control health-relevant fine particles and legislated the use 

of highly efficient particle filters.  

 

 

 

Following on from Switzerland’s action plan for reducing particulate matter, FOCA in 2008 campaigned 

at the ICAO1 level for introducing certification for the emission of fine particulate matter (FPM) by air-

craft engines. It is recognized that, while aviation is not a major contributor to FPM emissions, aircraft 

standards need to follow the European lead in the automobile industry and phase out the old smoke 

number measurements in the foreseeable future. This work was then driven forward in particular by 

Europe, the United States and Canada. In 2011 FOCA, working with SR Technics at Zurich airport, 

developed, constructed and commissioned a prototype facility for measuring FPM emissions by air-

craft engines, taking advantage of test runs that SR Technics conducts on engines which the company 

services.  

                                                      
1 International Civil Aviation Organisation 
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Photo: Test engine with retractable emissions probe (rear) for FPM measurement.  

 

 

 

Subsequently, major campaigns were conducted at the engine test cell of SR Technics in Zurich, with 

participation from around the world (eight campaigns between 2011 and 2015) in order to refine FPM 

measurements for the purposes of a new certification standard. FOCA took the lead for the Europeans 

in the ICAO working group. Those efforts have led to a new FPM standard that will ultimately replace 

the smoke number standard and provide for robust measurement of fine particulate emissions. 

 

 

 

The Swiss measurement system, which has won recognition worldwide, is currently being operated by 

the EMPA institute together with SR Technics and FOCA. EMPA's research has already made valua-

ble contributions to the development of the first particulate matter standard, and the institute remains 

involved, with additional studies of the impact of aircraft engine FPM emissions. 

 

    
 

Photo: The Swiss reference system for measuring emissions of FPM by aircraft engines 

 

 

 

The description of the completed measurement system and instrumentation, as well as the detailed 

certification criteria for aircraft engines, will be published in ICAO Annex 16, volume 2. The measure-
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ment system provides the following information on the FPM emissions in engine exhaust: 

 

 

  

 non-volatile particle mass concentration 

  

 non-volatile particle number concentration2.  

 

 

 

Unlike what is done in the automobile industry, emissions are measured down to a particle size of one 

hundred-thousandth of a millimetre.  

 

In early February 2016 all the Member States in ICAO's environmental protection body approved the 

first FPM standard, which will initially be no more rigorous than the existing smoke number standard, 

while making it possible to measure FPM emissions—both number and mass metrics—per kilogram of 

fuel for a landing and take-off cycle. They also took the decision to require certification under the new 

standard for existing engines still in production after 2020 and for all new engines post-2020. This will 

provide the data needed for a sufficiently detailed study of the impact of air travel on FPM pollution 

and for a future revision of allowable emissions.  

 

 

 

From the perspective of environmental protection, the new standard will make it possible to start col-

lecting information on non-volatile FPM emissions from aircraft engines needed to study the impact on 

human health and the climate. It will also make it possible to exercise strict control over the amount of 

fine particles in aircraft exhaust. Efforts have begun to advance certification of representative engines, 

in hopes of having a sufficient number certified by 2017 to start setting limits on the mass and number 

of fine particles emitted post-2020. 

 

                                                      
2 "Non-volatile" designates particles that do not evaporate at less than 350°C, which specifically covers smoke but also metal 

particles. 


