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OR and 95% confidence interval in emergency calls related to 
hypertensive crises depending on time of exposure to airborne particles 

and size of particles (ultrafine[UFP]–fine [PM2.5]–coarse [PM10])
Source: U. Franck et al. / Science of the Total Environment 409 (2011) 4217–4221



EU Emission Limits

Source: Harth et al,  Wiener Motorensymposium 
2013



Emission Abatement



Options for Emission Abatement

● From the beginning of the introduction of 
stricter emission limits always two option were 
followed:

1. Internal engine measures
2. Exhaust after treatment

● Examples are the conflict between lean burn 
engine and three way catalyst or between 
diesel particle emission control by high 
injection pressure and diesel particle filter.



Example of an Internal Engine Approach

Source: Klauer et al. Wiener 
Motorensymposium 2013



Examples of an Exhaust 
Aftertreatment  Approach

Source: Harth et al,  Wiener 
Motorensymposium 2013



Estimated Cost of Gasoline 
Particulate Filters 2011



Measurements of GDI Engines by 
DUH and VCD

Two measurement series were performed in 
2011 and 2012 by ADAC and TÜV Nord.

Different testing cycles and conditions were 
measured.

Conventional pollutants and particle mass and 
particle number were measured.

One vehicle has been retrofited with an particle 
filter.



Test Cycles



Particle Mass (mg/km) in different Test Cycle



Particle Number (PN/km) in different Test Cycle



NOx -Emissions of GDI vehicles in different 
Driving Cycles

g/km



Particle Emission in the NEFZ at 
different Temperatures

Mercedes B180 GDI 



Particle Emission in the NEFZ at 
different Temperatures

Mercedes B180 GDI 



Particle Number (PN/km) Comparison of the PN- Values 
without Filter, with Filter and after 8000 km Driving (with filter)

BMW 116i GDI



Conclusion

1. Particle emissions of GDI vehicles  should not be 
higher than these of Diesel vehicles.

2. Particle emission should be minimized (best 
available technology) under all driving conditions, 
e.g. all speeds and temperatures.

3. Today only particle filters fulfill these 
requirements.

4. GDI vehicles should be equipped with closed 
particle filter as this is state of the art with Diesel 
vehicles
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