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DECSE OBJECTIVE

Determine the impact of fuel sulfur levels on
emission control systems that could be
Implemented to lower emissions of NO, and
PM from on-highway trucks in the 2002-2004

time frame.
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Emission Control Systems

— Diesel particle filters

— Diesel oxidation catalysts
— Lean-NO, catalysts

- NO, adsorbers
Fuel Sulfur Levels: 3, 16, 30, 150, 350 ppm

Engines: modern, production engines as source of
exhaust

Study Aging, Regeneration & Desulfurzation
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. Diesel Particulate Filters - ETS
— Test Program/Report Completed January 2000
. NO, Adsorbers - FEV
- Phase | (Sulfur Effects) Completed October 1999

- Phase Il (Desulfurization) Underway February 2000,
Reported at DEER 2000

. Diesel Oxidation Catalysts/Lean-NO, Catalysts
- WVU
— Testing to continue through Summer 2000

- Reported at DEER 2000
DECSE Web-Site: _http\\www,ott.doe.gov
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Diesel Particulate Filters

PM Components, OICA Cycle
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Diesel Particulate Filters,

PM Components, Peak Torque Mode
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PM Emissions (g/bhp-hr)

DECSE PM EMISSIONS
Diesal Particulate Filters

PM Components, Road Load Mode
I Soot & Ash m@Hydrated Sulfate @S.O.F. mNitrate

0.30 T

0.25 +

HH

HH

0.20 +

0.15 +

0.10 +

Engine-Out

HH

0.05 A

_|
CDPF
CR-DPF

i

0.00 = ——

w

30 150 350
Fuel Sulfur Level (ppm)




DECSE PI\/I EI\/I ISSI ONS

.DOC

DOC (ngh T), Welghted OICA Modes Cummins Englne
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-DOC

DOC (High T), HD FTP Cycle, Cummlns Engine
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DOC

DOC (High T), OICA Peak Torque Mode, Cummins Engine
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-DOC

DOC (Low 1), NaV|star 9-Mode Cycle Navistar Englne
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-DOC

DOC (Low T), FTP75 Cycle, Nawstar Engine
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DOC

DOC (Low T), Mode 9 of Navistar Cycle, Navistar Engine
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DOC

DOC (Low T), Navistar 9-Mode Cycle, Navistar Engine
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LNOx

LNOx (H| T), Weighted OICA Modes Cummins Englne
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LNOx

LNOX (H| T), OICA Peak Torque Mode Cummins Englne
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LNOx

LNOx (Low T), Navistar 9-Mode Cycle Navistar Englne
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LNOx

LNOXx (Low T), Mode 9 of Navistar Cycle, Navistar Engine

0.25 1

0.20 T

0.15 1

0.10 T

0.05

0.00

i

Engine-Out PM
g/bhp-hr

3

30

150 350

0.25 1
0.20 +
0.15 1

0.10 1

111

0.05

0.00

Catalyst-Out PM
g/bhp-hr

350

Fuel Sulfur Level, ppmS

Fuel Sulfur Level, ppmS




DECSE PM EMISSIONS
LNOx

LNOx (Low T), Mode 9 of Navistar Cycle, Navistar Engine
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NOx Adsorber

NOx Adsorber PM Emissions
Components, g/bhp-hr
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DPF Conclusions

DPF Technology is 95% Effective at Reducing
Particulate Matter with 3-ppm Sulfur Fuel - Removing
Soot & SOF

Engine-out PM Emissions Increased By 30% with 350-
ppm Sulfur Fuel

Exhaust Temperatures Required to Regenerate DPF
Increased By More than 25 Degrees (C) at Higher (> 30
ppm) Fuel Sulfur Levels



+

DECSE PM EMISSIONS
DOC & LNOx Conclusions

DOC and LNOx Catalysts Reduce Some of S.O.F. BUT
Are Sensitive To Elevated Fuel Sulfur, Making Sulfates

Post-Catalyst Emissions of PM Increase with Higher
Fuel Sulfur Level - Especially Under Peak Torque
Conditions

Aging Tests (to 400 hours) with 3-, 30-, 150-, and 350-
ppm sulfur fuel continue, showing some additional
sulfate increases
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NOx Adsorber Conclusions

Fresh NOx Adsorbers Can Reduce NO,
Emissions By 80% to 95% With Exhaust
Temperatures of 300 to 500 Degrees C. (Fuel
economy penalty less than 4%)

NO, Conversion Efficiency Declines with Catalyst
Age, Elevated Fuel Sulfur And Desulfurization
Temperature Extremes

NOx Adsorbers Reduce S.O.F. And Show No
Propensity To Produce Sulfate





