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CARB Vehicle Emissions Research

Physiochemical and Toxicological Properties of Vehicle

Emissions
» CNG Buses and HDD Trucks (2001, 2002)
« HDD Trucks with Retrofits (DOC, DPF and SCR) (2008)
+ CNG Buses Compliant with 2010 Emissions Standards (2010)
« HDDT Truck Compliant with 2010 Emissions Standards (ongoing)
« Light Duty Passenger Vehicle with Gasoline, CNG, E85, Diesel (ongoing)

Particulate Measurement Programme (PMP)
Light-Duty Gasoline Vehicle (LDGV) High-PM Emitters

On-Road Vehicle Emissions Measurements with Remote
Sensing Devices (RSD)

On-Road Measurement of Light-Duty Gasoline and
Heavy-Duty Diesel Vehicle Emissions

More detailed information from




Comparison Of Unregulated Emissions
From CNG Buses

Lean-Burn
« Spark ignition
<« Open/closed-loop combustion control

Lean-Burn + Oxidation Catalyst (OxC)

« Spark ignition
+ Closed-loop combustion control
« Control HC and CO emissions by OxC

Stoichiometric + Three-Way Catalyst (TWC)
« Spark ignition

+ Closed-loop combustion control

« Control NOx and HC emissions by TWC




Test Facilities and Tested Buses

. WVU Transportable Heavy-Duty
ARB Heavy-Duty Emissions Vehicle Emissions Laboratory

Testing Laboratory in Los Stationed at Stockton, CA
Angeles, CA
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Engine  Engine Model
Model Year
Detroit Diesel S50G N/A March, 2001
Lean-Burn Detroit Diesel S50G N/A CBD, UDDS, 55 June, 2001
Detroit Diesel S50G N/A
Detroit Diesel S50G OxC (Retrofitted) CBD, SS May, 2002
Cummins C-Gas Plus OxC (OEM)
Cummins ISLG 280 TWC

Cummins ISLG 280 TWC

Engine + After-Treatment  Bus Engine Maker After-Treatment Test Cycle Test Date

Lean-Burn + OxC

Stoichiometric + TWC uDDS, SS March, 2010




BTEX Emissions

 o-Xylene
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CBD UDDS

Lean-Burn Lean-Burn Stoichiometric
+ OxC + TWC

Note, Steady State (SS) cruise with 55mph for Lean-Burn and
Lean-Burn+0OxC, and 45mph for Stoichiometric+TWC




Carbonyl Emissions

Hexanal
m-Tolu-aldehyde
M Valer-aldehyde
M Croton-aldehyde
' Benz-aldehyde
®m Meth-acrolein
- M Methyl Ethyl Ketone
M Butyr-aldehyde
M Propion-aldehyde

W Acetone

M Acrolein
M Acet-aldehyde
- B Form-aldehyde
SS CBD SS

Carbonyl Emissions (mg/mi)

UDDS SS

CBD UDDS

Lean-Burn Lean-Burn Stoichiometric
+ OxC + TWC




GHG Emissions

m CH4 (CO2e)
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CBD UDDS 55 UDDS 55

Lean-Burn Lean-Burn Stoichiometric
+ OxC + TWC

Note, GWP of 25 applied to CH4 emissions




PAH Emissions

Pyrene

M Fluoranthene

Anthracene
Phenanthrene

Fluorene

150
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EC and OC Emissions
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Conclusions

Stoichiometric combustion with three-way
catalyst is the most efficient technology to
reduce unregulated emissions from CNG buses

«» Many emission components were under the detection
limits

For in-use lean-burn CNG bus fleet, oxidation

catalyst would be effective to reduce

unregulated emissions, especially form-aldehyde
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