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Clean Vehicle/Engine Programs in California

CARB has rules in place to reduce emissions from every existing
diesel engine: retrofit, repower, replace

New low carbon fuel standard: biodiesel, renewable diesel

President Obama adopts new national policy on GHG emission
reductions for new cars and trucks based on California’s program
(Pavley GHG limits)

US stimulus funding under Diesel Emission Reduction Act
Zero Emission Vehicle (ZEV) Program
New limits under Low Vehicle Emissions Program (LEVIII)
— Criteria emissions (gaseous and PM)
— Contemplating particle number for diesel and GDI
Nexus between air quality and climate change

— Control GHG and criteria emissions (i.e., Pavley + LEVIII)
— Black carbon and other climate forcers




*Towards HDDE 0.2 g/bhp-hr NO,

« DPF + urea-SCR technology on track for

2010

— This approach is large departure from
conventional technology

— Potential for new compounds to form highlights
need for research

e Several options for SCR catalyst on the
table:
— Vanadium, Fe & Cu zeolites

* “New” substances may require new methods

*With input from Dr. J. DeVita/CARB
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DPF + urea-SCR prototype retrofit

1998 Cummins, 11L, 360K miles
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Two types of SCR retrofits: - Urea Injection

1) CRT + Fe-Zeolite-SCR

2) CRT + Vanadium-SCR :§>
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Ammonium sulfate dominates composition of particle
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Exhaust temperature promotes substantial formation of nanopatrticles for well-broken-in catalytic devices



Vorführender
Präsentationsnotizen





1.0E+16
1.0E+14

Total Number Emissions
(particle/mile)

o Less than 20nm

1.0E+12 -
1.0E+10 A
1.0E+08
1.0E+06 -
1.0E+04 |
1.0E+02
1.0E+00 -

m Greater Than 20nm| |

Baseline

Aged Catalyzed Uncatalyzed
DPF

Sulfate as a function of particle numbers

10

B Greater than 20nm
Vv Below 20nm

(o)}

2
=
ks,
S}

7}
[¢D]
)
©
o
c
Q
)]
2
=
Ll
g
©
=
>
p)

0
le+11

le+12 1l1e+13 1le+1l4 le+15 1le+l1l6 1le+l7
Number Emissions, number/mile



DTT
Vapor PAHs ||
Particle PAHs

=
o
1

D
+
IS

[
1

(n-mole/mln/mlliej
H

¢}

+

w

)

=

N

o

o
|

o
o
'—\

o Vapor PAHs (mg/mile)
o
'_\
DTT

[EEY

o

o

o
|

o

o

H
1

)
£
'S

-
=
S
Q
o
5
=
—
—
O

. DPF1 DPF1 Vveh2, Veh3, Veh4,
Baseline DPFl ,ocp1 +SCR2 DPF2 DPF3  DPF4

uncatalyzed catalyzed uncatalyzed Heavily
catalyzed




Golden Vehicle* DPF Regeneration:

During Constant Speed Test
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Particle size and concentration
distributions during DPF
regeneration

- Note: Nanoparticle formation!!!
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Particle emissions in three consecutive partial DPF regenerations during three NEDC cycles
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» Particle emissions increase sharply
R AR A e R during DPF regeneration
» The PMP systems detected a moderate
Increase in particle numbers
* Grimm CPC measured higher particle
numbers than PMP CPCs
 Those particles could be either volatiles
o002 that survived the VPR, or
Sy gy« SUD-20 nm solid particles emitted during
Time (5) DPF regenel’ation
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Solid 6 nm Total 10 nm Solid 23 nm Total 5 nm
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Ref. CPC only shows a small increase in particles relative to cold start
Particle number does not reflect the PM increase measured by filters
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