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Emission Benefits of B20

* Broad agreement on emission reductions:

— 10% to 25% reduction in PM, depending on
engine, test cycle, and other factors

— 10% to 20% reductions in CO, HC, and toxic
compounds

* Impact on NO, emissions uncertain
— EPA compilation of published data found B20
causing NO, to go up ~2%
— But many studies in the review show NO, going
down

— Many newer studies show NO, gomg down
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Biodiesel’'s Effect on Emissions:

Engine test results compiled by EPA

e Engine models through 1997
« Data from many published studies conducted by others for
different purposes

* 2% Iincrease in NO, on average for B20
* 12% decrease in PM on average for B20
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Biodiesel’'s Effect on NO , Emissions
EPA Review - Engine Data

*Percent change in NO , for B20 ranges from -7% to +7%

.Average Change IN N O X +2% Standards group | Model years | HD highway engines | NOx observations
B 2002 - 2006 0 0
30 C 1998 - 2001 2 14 (2)°
D 1994 - 1997 10 152 (19)
= E 1991 - 1993 16 394 (50)
o 20 f F 1990 3 87 (11)
K=} G 1988 - 1989 8 112 (14)
é = H 1984 - 1987 2 16(2)
@ I - 1983 2 10(1)
Z’j 10 = * Values in parentheses are percent of total observations
5 =l - * 43 engines included
[} = — = — .
S = 'ﬁi e = » 72% of engines pre-1994
= - * 95% pre-1997
- 95% Confidence Interval |
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Many B20 tests show NO , decreasing:
All are for soy biodiesel
*Engine standards groups D and E
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Recent Engine Testing Results

« Engine dyno results published since
release of EPA review

*Percent change in NO, ranges from
-10% to +6%

* Average change in NO, for B20 is
-0.6%12.0%

— Change is not significantly different
from zero

*Average change in NO, for soy-
derived B20 is 0.1%+2.7%

— Change is not S|gn|f|cantly dlfferent
from zero o .
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Biodiesel’'s Effect on NO , Emissions
EPA Review - Vehicle (Chassis) Data

*EPA compilation also included published venhicle test data
*B20 produced a wide range of NO, changes -7.7% to +5.8%
*B20 average change -2.4%+2.3%

Standards Group Model Years #Vehicles
B 2002-2006
15 C 1998-2001
D 1994-1997 6
S E 1991-1993
‘5 10 - - F 1990 1
K0! - G 1988-1989 2
S H 1984-1987 1
'-“x : | - ! -1983 1
o 8 pickup trucks tested on UDDS
z - 3 transit buses on va‘trious cycles
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Recent Chassis Testing Results

e Chassis dyno results published since release of EPA review
* NO, ranges from -3% to +14%
» Average change in NO, for B20 is 1.4%+4.5%

—Change is not significantly different from zero

* In addition, DOD study of 6 on-highway vehicles found on average no
affect of B20 on NO,

—Holden et al., Technical Report TR-2275-ENV, June 2006
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NREL Vehicle Testing Summary

« Percent change in NO, ranges from -5.8% to +6.2%
« Average change in NO, is 0.6% +1.8%

*Vehicle equipped with diesel particle filter, changes in PM, CO, and
THC not statistically significant

Effects of Biodiesel Blends on Vehicle Emissions:
http://www.nrel.gov/docs/fy070sti/40554. pdf
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Results of PEMS Studies

e North Carolina: 12 Dump Trucks
— Measured only NO, not NO+NO,
— NO was reduced by 10% on average

— http://www.ncdot.org/doh/preconstruct/tpb/research/downlo
ad/2004-18FinalReport.pdf

 New Jersey: 3 School Buses

— NO, increased in some buses, decreased in others
— SAE 2005-01-1616

 Texas: 5 School Buses
— Compare TXLED, B20 (market), B20 (soy)
— B20 had no effect on NO,
— Texas Transportation Institute at Texas A&M, August 2006
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Results From Three Methods of
Testing B20 for NO , Emissions
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Laboratory Engine

— 2 % increase (EPA review)

— 0% change (newer studies)
* Chassis

— 0% change (EPA review)

— 0% newer (newer studies)

— 0% change (NREL study) | g

Real-World ¢ PEMs d
— 0% change




Number of Observations

Engines Included in EPA Review

g soocs® o o ¢ 185 NO, observations
w0 | SXTISITIII ST 2TETETST considered in EPA review
" o ~45% of the data are for
1991 DDC Series 60
engines
— Shows a consistent small
increase in NO, for B20

e Given engine-to-engine
e ol mlle HWH variability for B20:
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PIFFFFISSEESFIIITSSTES — EPA analysis weights results
for this engine too heavily
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Biodiesel Effect on NO

X

* NO, can go up or down depending on engine
—This is not well understood quantitatively

—Hypothesis: Varying ECU response to small change in
density/energy density for B20 versus diesel

e Data compilations that are not weighted to one engine
model show no change in NO, on average for B20

* Based on the additional data available today:

—B20 appears to have no significant or consistent
Impact on NO, emissions

* Reduction in PM and other pollutants is robust

Effects of Biodiesal Blends on Vehicle Emissions:
http://www.nrel.gov/docs/fy070sti/40554. pdf
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Detailed citations:

 Holden, B., Jack, J., Miller, W., Durbin, T. “Effect Of
Biodiesel On Diesel Engine Nitrogen Oxide and Other
Regulated Emissions” Technical Report TR-2275-ENV,
Naval Facilities Engineering Command, Port Hueneme,
California. May 2006.

— Tested 6 on-highway vehicles, found no change in NO, on average

 Farzeneh, M., Zietsman, J., Perkinson, D.G. “School Bus
Biodiesel (B20) NO, Emissions Testing” Texas
Transportation Institute at Texas A&M University, August
2006

— Tested 5 school buses, found no change in NO, on average

* Frey, H.C., Kim, K. “Operational Evaluation of Emissions and
Fuel Use of B20 versus Diesel Fueled Dump Trucks”
Research Project No. 2004-18 FHWA/NC/2005-07,
September 2005.

— Tested 12 DOT dump trucks, found NO going down
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