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Light Duty Vehicles 
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Drastic reductions in criteria 
pollutants achieved and ahead 
of us. 

Need for significant reductions in 
greenhouse gas emissions 
moving forward. 

LEV III Pavley 
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Light Duty Vehicle Technology 

Fuels: 
• Gasoline 

Aftertreatment: 
• TWC 

Power Train: 
• Port Fuel Injection (PFI) 

The need for reduction in exhaust emissions has led to an ever 
larger suite of technologies and fuels currently in use 

• E85 
• CNG 
• LNG 
• Bio-gas 
• Diesel 
• Bio-diesel 
• Renewable diesel 
• Electricity 
• Hydrogen 
• Hythane 

• Gasoline Direct Injection (GDI) 
• Lean Burn Natural Gas 
• Stoichiometric Natural Gas 
• Diesel 
• Hybrid 
• Electric 
• Fuel Cell 

 

• DPF 
• GPF 
• SCR 
• Lean NOx trap 
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On-Road Engines 

Heavy Duty Vehicles 



Heavy Duty Vehicles 

2007 – PM standard lowered 90% 
      Diesel needs DPF 

 
2010 – NOx Standard Lowered 90% 
      Diesel needs DPF and SCR 
        Natural Gas: 
  Lean Burn with SCR    
  Stoichiometric with TWC 
   
 



Test Matrix 
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Measured on chassis dynamometer 

Vehicle Make Model Year Mileage
Heavy Duty Old Diesel Cummins, 11L 1998 374,000

Old Diesel + DPF Cummins, 11L 1998 374,000
2010 Diesel Volvo, 13L 2012 68,000

Light Duty Old Mercedes 420SEL 1988 240,000
Modern Gasoline Chevy Impala 2008 35,000
E85 Chevy Impala 2008 35,000
GDI Volkwagen Jetta 2010 10,000
GDI + GPF Volkwagen Jetta 2010 10,000
CNG Honda Civic 2007 15,000
Diesel w/ DPF Chevy Silverado 2012 10,000
Bio-diesel w/ DPF Chevy Silverado 2012 10,000

Exploring Relative Emissions 



Relative PM Emissions 

10 mg/mi 

3 mg/mi 

1 mg/mi 

Heavy – duty  Light - duty 



Common Screening Method for Toxicity 
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In vitro assay panels  
 

A panel of in vitro assays was proposed based on the biological pathways 
associated with the to toxicological effects of engine PM exposure in recent 
literature. 
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Relative Toxicity per Mile 

DTT assays for heavy and light duty performed at different laboratories, 
inter-comparability studies are lacking 
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5.7 19 

Relative Toxicity by Mass 
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Diesel PM is Carcinogenic 

All PM is Carcinogenic 



BACKUP SLIDES 
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Heavy Duty PM Chemical Composition 
Measured on chassis dynamometer 

Bulk PM Chemical Composition 

dM
/D
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gD
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Adopted from Ruehl et al., Emission Control Science and Technology, DOI 10.1007/s40825-014-0002-7 



Light duty PM chemical composition 
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