


 

Initial-cold start emissions with EHC and secondary air 

Figure 10 shows the cumulative NOx and THC emissions on the RDE aggressive test at an 
ambient temperature of -10 °C. The Euro 6d and AECC phase 1 NOx emissions were 
already shown in Figure 6 above. For NOx, similar emissions compared to phase 1 are 
observed with the application of 8 s pre-heating for the EHC. The initial cold-start NOx peak 
at 1 km varies between 688 and 753 mg. The urban phase results in 38 and 46 mg/km, the 
total RDE tests is between 14 and 17 mg/km. Some THC reduction is obtained in the initial 
cold-start peak at 1 km, from 590 mg with the close-coupled component with two TWC 
bricksto 387 mg with the close-coupled component consisting of EHC and TWC with 8 s of 
pre-heating with secondary air. The initial cold-start peak is significantly reduced with the 
EHC when 60 s of pre-heating is applied with secondary air as an outlook for a full hybrid or 
plug-in hybrid. The initial cold-start peak at 1 km is then 274 mg for NOx and 178 mg for 
THC. Corresponding urban RDE results are 22 mg/km NOx and 14 mg/km THC. 

Figure 10 Cumulative NOx and THC emissions on the RDE aggressive test at -10 °C 

Validation of pollutant emissions with sustainable renewable fuels 

The RDE aggressive test at 23 °C is repeated on Blue Gasoline and e-gasoline and 
compared to the reference E10 measurements in Figure 11. The results are measured within 
phase 2 of the project with the EHC active, but without the application of secondary air. 
Overall similar ultra-low pollutant emissions are measured on Blue Gasoline and e-gasoline, 
both for the initial cold-start peak and the warm operation.     
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Figure 11 Pollutant emissions of different fuels on the RDE aggressive test at 23 °C 

Summary and conclusions 

This paper described the implementation of an advanced emission control system on a 
gasoline demonstrator vehicle equipped with a 48 V mild-hybrid powertrain to indicate 
further efforts to reduce initial cold-start and non-regulated emissions compared to the 
already low levels of Euro 6d vehicles. And it described the validation of the ultra-low 
pollutant emissions on sustainable renewable fuels to show the potential to also reduce the 
impact of gasoline vehicles on climate change.  

Novel aspects for the pollutant emissions control were the application of a close-couple TWC 
substrate with 900 cpsi and an ammonia slip catalyst in a first phase. In a second phase, an 
electrically heated catalyst was added with the application of secondary air supply. Ultra-low 
pollutant emissions were shown on an RDE aggressive test on the chassis dyno at 23 °C 
and -10 °C. Warm operation emissions are near-zero independent from the ambient 
temperature. The initial cold-start emissions increase from 23 °C to -10 °C but were 
significantly reduced compared to the already low Euro 6d base line. 

Tests were repeated on two sustainable renewable fuels. Blue Gasoline was selected as an 
already available fuel, targeting at least 20% CO2 reduction. E-gasoline is also tested as a 
mid-term available fuel to target 100% renewable content and distinct WtW CO2 reduction. 
It was shown that the ultra-low pollutants measured on reference E10 are confirmed for both 
sustainable renewable fuels.  
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Outlook 

This paper focused on exploring emissions performance for a combination of low ambient 
temperature and driving dynamics beyond Euro 6d RDE boundary conditions. It is expected 
Euro 7 will widen the RDE boundary conditions compared to Euro 6d. Further work might 
be needed to evaluate the emission control for conditions not covered yet. 

Results were obtained with a generic state-of-the-art emission control system applied to a 
given powertrain configuration. Some hardware and software constraints could not be 
overcome in this work, for example the shift from ceramic to metallic carrier material for the 
EHC. Additionally, further technology development is ongoing for the substrate, coating, and 
active thermal management. Additional aspects need also to be validated to consider series 
production implementation of the ASC. These are for example: 
• OBD/OBM requirements
• NOx and N2O creation within the ASC
• Durability aspects
• Total NH3 reduction efficiency under lack of oxygen
Aim is to continue to improve the impact of the combustion engine on air quality.

Further development and validation of sustainable renewable fuels is ongoing for the 
combustion engine to significantly contribute to reduction in road transport CO2 emissions, 
along with electrification of the powertrain and vehicle fleet.  
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