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Chairman’s Seminar: New Technology Diesel

e Evolution of Diesel Emission Control Technologies
and Characteristics of New Technology Diesel Exhaust

— John Wall

e Advance Collaborative Emissions Study (ACES) — The
First Animal Toxicology Study of NTDE

— Jacob McDonald
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Terminology

e TDE — “Traditional Diesel Exhaust”

e NTDE — “New Technology Diesel Exhaust”
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Historical Perspective

“So much has been written and said about the diesel
engine in recent months that it is hardly possible to
say anything new.”

Rudolf Diesel, c. 1910
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Evolution of US Heavy Duty Diesel Emission
Standards
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Diesel Technology Development:
Critical Subsystems

Cummins Particulate Filter
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Evolution of Diesel Technology
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Evolution of Diesel Technology
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2007 And Beyond . ..
Integrating Engine and Aftertreatment

Active Particulate Filter
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2007 And Beyond . ..
Integrating Engine and Aftertreatment

Active Particulate Filter
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Key to Emissions Reductions in NTDE
Wall-flow Diesel Particulate Filter

Trapped PM

Exhaust
(PM, CO, HC)
Enter )

Porous Ceramic Wall
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Reductions:
99+% PM
80 to 100% HC, CO

80 to 99+% PAH, toxins

Adapted from MECA May 2000
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Transition to Clean “New Technology” Diesel:
Advanced Component Technologies and System
Integration

Controls

Fuel Systems . Exhaust
F ' ) Aftertreatment

-~

Air

Handling Ultra Low

Sulfur Fuel

Combustion

New Technology Diesel
|| [
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New Technology Diesel

e PM levels in New Diesel Technology Exhaust (NTDE)
are more than 100-fold lower than in TDE

— NTDE NOx and PM mass emissions are comparable to
CNG and gasoline

e NTDE PM is chemically different from TDE PM
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NTDE: Lower Particulate Emissions
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CARB Study: Herner et al., EST 43:5928-5933, 20009,

data from Table 2. Transit Buses: UDDS Test Cycle
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BS Emissions, (g/hp-hr)

Cummins Certification Emissions Levels

6 — Cold/Hot Composite Results over FTP, Negative Test Results Set to Zero,
Deterioration Factor and UAF Applied
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Cummins Certification Emissions Levels
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BS Emissions, (g/hp-hr)

Cummins and Others - Certification Emissions Levels

6 — Cold/Hot Composite Results over FTP, Negative Test Results Set to Zero, __
Deterioration Factor and UAF Applied
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NTDE: Lower Particulate Numbers
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NTDE: Less PM and Composition Very Different
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Particulate Matter Composition Breakdown

-99%
Mass

O Sulfate/Nitrate

B Hydrocarbons (Fuel +
Lube derived)

O Elemental Carbon + Ash

Pre-Trap
20.1 g/bhp-hr
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Post-Trap
<0.01 g/bhp-hr

Cummins ISM 2007; Liu et al.,
Aerosol Science and Technology,
43/11: 1142-52 2009




NTDE: Lower Volatile Organic Compound and
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Aldehyde Emissions

Hesterberg et al., ES&T 42:6437-45, 2008,
data from Tables 5 & 7: transit bus
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NTDE: Lower Polycyclic Aromatic Hydrocarbon
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Comprehensive exhaust chemical assays have been published

documenting orders of magnitude reduction in complex
hydrocarbon and nitro-PAH concentrations for NTDE ...

Compound (carbon number) 2004 Engine® 2007 Engine® % Reduced
Elemental carbon 49 700 . 3550 150 38.2 99,7 + 7.2
Organic carbon 37 800 s 4360 213 + 101 994 + 11.8
Organic mass 45 300 5230 256 121 99.4 + 11.8
n-Alkanes
n-Undecane (11) < 0.01 + 297 1.04 - - 1.76 -
n-Dodecane (12) <0.01 0.795 0.279 0.286 -
n-Tridecane (13) 225 . 0.859 <0.01 0.186 ~99.6 + 46.4
n-Tetradecane (14) 10.4 + 2.64 <0.01 + 0.203 >999 + 273
n-Pentadecane (15) 344 5.52 <0.01 0.00 999 + 16.0
n-Hexadecane (16) 846 4 134 <0.01 0.00 999 + 158
n-Heptadecane (17) 965 +* 10.7 <0.01 + 0.193 ~999 + 113
n-Octadecane (18) Trimethylnaphthalenes (13) 935 . 459 388 : 395 959 +53
n-Nonadecane (19) 1-Ethyl-2-methylnaphthalene (13) 115 i 14.1 425 S 1.18 96.3 + 13.3
n-Eicosane (20) 2-Ethyl-1-methylnaphthalene (13) 6.83 s 159 0.673 . 0.193 90,1 + 26.1
n-Heneicosane (21) Anthracene (14) 7.38 + 1.00 0.862 0385 883 + 188
n-Docosane (22) Phenanthrene (14) 786 + 113 123 + 3.62 84.4 + 19.0
n-Tricosane (23) Methylphenanthrenes (15) 854 + 9.49 3.30 zk: 0.460 96.1 + 11.7
n-Tetracosane (24) Dimethylphenanthrenes (16) 66.9 + 5.33 117 0.239 983 + 83
e Mechyifiuorenes (14) a0 i o 109 s am o
?ﬁ;f_::;?';;)“m Fluoranthene (16) 431 : 0137 113 : 0564 738 + 163
Phytane (20) Pyrene (16) 11.7 + 1.20 0979 + 0.649 91,6 + 158
Acenaphthalene (12) 305 - 1.88 218 : 1.42 929 + 108
Saturated cycloalkanes Acenaphthene (12) 45.5 o 6.55 220 + 21.1 51.6 + 60.8
Dodecylcyclohexane (18) Chrysene + triphenylene (18) 1.05 % 0.133 0.123 + 0.109 88.3 +23.0
Pentadecylcyclohexane (21) Benz[ajanthracene (18) 0.586 0.0579 0.0632 0.0698 892 +218
Hexadecylcyclohexane (22) Benzo|g,h.i]fluoranthene (18) 0.607 + 0.593 0.258 > 0270 57.5 + 142
Heptadecylcyclohexane (23) Benzo|b + k + j]fluoranthene (2¢: — e - anamo anzae acn . an
Octadecylcyclohexane (24) Benzo|a|pyrene (20) Compound (carbon number) 2004 Engine® 2007 Engine* % Reduced
Nonadecylcyclohexane (25) Benzole|pyrene (20) Perinaphthanone (13) 29.7 + 433 1.01 . 0.288 96.6 + 155
Arimarics Benzo|g.h.i]perylene (22) Anthraguinone (14) 5.16 - 0.886 130 - 0.506 748 + 27.0
Biphenyl (12) Nitro-PAHs 9-Anthraaldehyde (15) 1.56 . 0.829 0.0388 . 0.0291 97.5 + 55.0
2-Methylbiphenyl (13) 1-Nitronaphthalene (10) Benzanthrone (17) 1.89 - 0.109 0.0154 + 0.00973 99.2 + 63
3-Methylbiphenyl (13) 2-Nitronaphthalene (10) Aliphatic aldehydes
4-Methyibiphenyl (13) Methylnitronaphthalenes (11) Formaldehyde (1) 5160 2440 <0.01 58.1 >99.9 + 484
PAHs, POM, and Derivatives i:ﬁzgggzi: ;E; Acetaldehyde (2) 1480 £ 783 <0.01 + 43.1 >99.9 + 558
Naphthalene (10) 1-Nitropyrene (16) Hopanes
2-Methylnaphthalene (11) g-Nitroanthracene (14) 172(H)-22,29 30-Trisnorhopane (27) 0.430 0.0658 <0.01 0.00 97.7 + 153
1-Methylnaphthalene (11) 172(H)21B(H)-Hopane (30) 1.67 0.0558 0.0109 0.0109 993 + 40
Dimethylnaphthalenes (12) Oxygenated PAHs 225-174(H),213{H}-29-Homohopane (31) 0925 0.0309 <0.01 0.00 989 + 33
Acenaphthenequinone (12) 22R-174( H).21B(H)-29-Homohopane (31) 0545 0284 <0.01 0.00 982 + 52.1
9-Auorenone (13) 225-17a(H),218(H)-29,30-Bishomohopane (32) 211 1.60 <001 0.00 995 + 75.8
Xanthone (13) 22R-174{H),21B(H)-29,30-Bishomohopane (32) 0.288 0.144 <0.01 0.00 96.5 + 50.0
22R-174(H),21f(H)-29,30,31-Trishomohopane (33) 533 5.33 <0.01 0.00 -
Steranes
20S-5a( H),142(H),172( H)-Cholestane (27) 5.89 487 <0.01 0.00 99.8 + 827
20R-5a(H),14p( H),17B(H)-Cholestane (27) 0576 0.0438 <0.01 0.00 983 + 7.6
20S-5a(H),14B(H),17B(H)-Cholestane (27) 0.749 0.0729 <0.01 0.00 98.7 + 9.7
* values are reported in pg (bhph) ', uncertainty is given as the standard error of the test results.
Truck & Engine . . . .
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NTDE Reduces Emissions Across a Broad Spectrum of

Compounds
Single Ring Aromatics 82%
PAH 79%
Alkanes 85%
Hopanes/Steranes 99%
Alcohols & Organic Acids 81%
Nitro-PAHs 81%
Carbonyls 98%
Inorganic lons 71%
Metals & Elements 98%
Organic Carbon 96%
Elemental Carbon 99%
Dioxins/Furans 99%

ema Truck & Engine 27
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Conclusions

e New Technology Diesel Engines, specifically engines
operating on Ultra Low Sulfur Diesel fuel and
employing oxidation catalysts and wall-flow
particulate filters, have fundamentally different
(and significantly better!) exhaust characteristics

than Traditional Diesel Engines
— 99+4% reduction in particulate mass

— Chemically different particulate composition
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Conclusions
 The best emissions policy and technology come

through effective and deep collaboration between
government regulatory agencies and industry...
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