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Pilot Ignition Natural Gas Engine Wth Soydi esel/Di esel Blends - Detroit Diese
Cor poration

In this project seven different soydi esel/diesel blends were eval uated for
transi ent em ssion benefits and conpared to #1 and #2 di esel baselines. Each were
subjected to a quick knock and tip plugging evaluation test that Detroit D ese
has devel oped. The best candi date fuel blend was chosen and run on a back-to-back
test on DDC s certification engine at SwRI

Met hyl Soyate Eval uation of Various Diesel Blends in a DDC 6V-92 TA Engi ne -
Fosseen-Otech

Fosseen Manufacturing and Devel opnent (FMD), was contracted by NSDB to eval uate
the effect of various blends of soy oil and diesel fuel on the em ssion of the DDC
6V-92 engi ne. The program objective was to test and record the em ssion results
fromthe follow ng nethyl soyate/diesel blends over the EPA Heavy-Duty Transient
Test Cycle. The following tests were conpleted: (1) Baseline Diesel, (2) 10%

Met hyl Soyat e/ 90% Di esel, (3) 20% Met hyl Soyate/ 80% Di esel, (4) 30% Met hyl
Soyat e/ 70% Di esel , (5) 40% Met hyl Soyate/ 60% Di esel, (6) xx% Met hyl Soyate/yy%

Di esel, with an exhaust oxidation catalyst. Wiere xx% and yy%is the opti num bl end
as determned fromthe preceding tests.

Eval uation of Biodiesel Fuel in a Detroit Diesel Corporation (DDC) 6V-92 -
ABA- AARC- SWRI

This project devel oped a performance and em ssions database for the target engine,
a Detroit Diesel 6V-92. The engi ne nodel year was 1991 or |ater and was provi ded
by Bi-State Devel opnment, St. Louis, Mssouri at no cost. The engine was installed
in a steady-state test cell equi pped with typical engine controls and was
instrunented for performance paraneters including engi ne speed, power, air flow,
and fuel consunption. Equi prent for neasurenent of gaseous and particul ate

em ssions was to be in place for nonitoring the exhaust em ssion |evels. The

em ssions of interest are Nox, HC, CO and particulate matter (PM. The engi ne was
instrumented for cylinder pressure and a hi gh-speed data acqui sition system was
used to record cylinder pressure as a function of crankangle. This data was used
to anal yze the conbustion process and to cal cul ate conbusti on paraneters such as
ignition delay, peak pressure, and the rate of conbustion.

Commerci alizati on of a Renewabl e Fuel and Control of NOx Em ssions Wth Bi odi ese
Fuel - N PER- DCE



This project, jointly sponsored by the U S. Departnent of Energy and the Nationa
SoyDi esel Devel opnment Board, was designed to develop information to aid in the
acceptance of SoyDi esel as a commercial transportation fuel. Particul ar enphasis
was pl aced on the performance of the fuel in a heavy duty di esel engine, the
Cummins L-10. Emissions (via the 13-nbde emi ssions test) as a function of fue
blend ratio (SoyDi esel and standard | ow sul fur diesel) was determ ned and further
bl endi ng and additive studies were conducted to optim ze the performance of the
fuel. The em ssions studies included particul ates and al dehydes which are not a
standard part of the 13-npde test. An optinmum fuel blend was conpared with
standard | ow sul fur diesel in the Heavy Duty Diesel Engine Em ssions Certification
Test, a transient duty test. The performance of critical engine parts was

eval uated. These studies included injector fouling, wear of the top piston ring
(firering), wear of fuel injectors and wear of the fuel punp.

Em ssions tests of a 5.9 Cunm ns engine in a Dodge truck was run on a chassis
dynanoneter by the Federal Test Procedure (FTP). These tests determ ned em ssions
as a function of SoyDi esel/standard | ow sulfur diesel blend ratio.

Em ssions Reduction Potential In A Mass Transit Application - THE ADEPT GROUP

This project evaluated froma conmercial user's perspective the benefits and
common use problens, of a "transition fuel™ for diesel engines that would reduce
em ssions. This transition fuel, "bio-diesel”, can be used in any existing diese
engi ne application (mass transit, trucking, ship, rail, back up power stations,
construction equi pnent, etc). This project denonstrated how bi odi esel can be

i mredi ately used in a practical mass transit application (as well as in any
centrally fueled fleet) and provided data to better assess the maxi num possi bl e
em ssions reductions in a typical use scenario (denonstration with two City of
Gardena buses on a regular transit route).

Cet ane Nunber Engi ne Testing Conpared to Cal cul ated Cetane | ndex Nunber - M dwest
Bi of uel s

M dwest Bi of uel s I ncorporated through the use of qualified testing |aboratories,
performed a series of tests to determ ne the cetane nunber using a Cetane Engine
and the cal cul ated cetane i ndex nunbers for a range of biodiesel blends. The
testing was in accordance with ASTMtesting standards for the cal cul ati on of
cetanes. This testing provided data on the quality of biodiesel with regarding
cetane. Testing was done at Ethyl Corporation and WIIlians Pipeline.

Bi odi esel Pour Point and Cold Flow Study - M dwest Bi ofuels



M dwest Bi ofuels I ncorporated identified four conmmercial diesel additives and used
gqualified testing | aboratories to performa series of tests to determ ne the
benefits of various cloud point depressants, cold flow inprovers and pour point
depressants (anti gelling agents) for winterization of biodiesel. The testing was
done in accordance with ASTM D-97 (Standard Test Method for Pour Point of
Petroleum QG 1s), ASTM D 2500 (Standard Test Method for O oud Point of Petroleum
Products), and IP 309/80 (Cold Filter Plugging Point of Distillate Fuels). This
testing provided data on the benefits of these additives to wnterized biodi esel .

Em ssi ons and Performance Characteristics of the Navistar T444E DI D esel Engine
Fuel ed with Bl ends of Biodiesel and Low Sul fur D esel Fuel - FEV

The purpose of the engi ne devel opnment work was to evaluate the potential for using
t he uni que characteristics of soybean nethyl ester as a blending agent with | ow
sul fur diesel fuel to optimze the performance and em ssions characteristics of a
direct injected, four stroke diesel engine. Achievenent of this goal required a
scientifically sound devel opnent programw th various bl ends of |ow sul phur diese
fuel and soybean nethyl ester. The goals of the programwere to investigate the
potential for achieving the | owest possible em ssions in a diesel cycle engine,
whil e mai ntaining the inherently |ow particul ate em ssions characteristics of the
nmet hyl ester. Furthernore, it was desirable to achieve the change in engi ne
calibration strategy w thout hardware nodification to the existing diesel engine.
To achieve this goal, a diesel baseline engine was sel ected which featured ful

el ectronic control. This selection resulted in two distinct advantages in that (1)
changes in engine calibration could be nore easily achieved for test cel

eval uation and (2) the choice of an electronically controlled engine ensured that
the results of the engine devel opnent program woul d be applicable to future

t echnol ogy di esel engi nes.
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Durability and Conpatibility Eval uation Using 20% Met hyl / Soyate Bl end Wth The
DDEC Detroit Engi ne 6V-92TA. - Fosseen Manufacturing & Devel opnent

FMD transi ent exhaust em ssion testing has been conpleted for the 6V-92 TA engi ne
and supports the 20% bi odi esel bl end as bei ng capable of reducing all four EPA
regul ated em ssi ons.

This task was performed under the same optim zed engi ne settings and exact bl end
of biodiesel used in the conpleted testing. The engine, a Detroit Coach 6V-92
DDEC, was contracted and especially prepared for this test by DDC. Al standard
DDC and EPA durability and conpatibility procedures were followed.



Em ssions Characteristics of SoyMethyl Ester Fuels in an Underground M ning D ese
Engine with and wi thout Diesel Oxidation Catalyst After Treatnent. - U S. BUREAU
OF M NES

The emi ssions and conbustion characteristics of nmethyl ester fuels were eval uated
in an indirect injection diesel engine that is typical of engines used in
underground mnes. Three fuels were tested: 100% (neat) SME fuel, a commercially
avai l able, low sul fur, #2 diesel fuel (D2), and a blend of 30% SME and 70% D2
fuels. Al fuels were tested with transient tests, where an engine's speed and

| oad are constantly varied in a repeatable cycle, and with the Internationa
Organi zation for Standardi zation (1SO 8178-Cl steady-state test, where an

engi ne's speed and | oad are held constant and the engine is tested at severa
condi ti ons.

Transi ent Em ssions Testing of Biodiesel in a DDC 6V-92TA DDEC Engi ne - SOUTHWEST
RESEARCH | NSTI TUTE

A test program was conducted at Sout hwest Research Institute (SWRI) to eval uate
the use of biodiesel in a Detroit D esel Corporation 6V-92TA el ectronically
controlled transit bus engine in terns of its effects on the exhaust em ssions of
the engi ne. Biodi esel was blended with an em ssions grade, |ow sulfur, 2-D diese
fuel at a ratio of 20/80 percent by volune respectively. This blend, referred to
herein as B20, was exam ned in the engine both by itself, and in conjunction with
ot her engine, fuel, and/or aftertreatnment nodifications to determ ne what

conbi nati on achi eved the best overall reductions in regul ated exhaust eni ssions.

The B20 bl end was tested both in the baseline engine configuration, and again with
injection timng retarded by one degree.

As an alternative to retarding the timng to reduce NOx, two fuel additives for
use in B20 were tested. The two sel ected additives were both cetane inprovers;

2-ethyl hexyl nitrate (EHN), and di-t-butyl peroxide (DTBP). The two additives
wer e bl ended separately into B20, as recommended by the nmanufacturers.

Anot her strategy to reduce em ssions was to use a diesel oxidation catalytic
converter in conjunction with B20 fuel, to determne if the conbination could
achi eve better em ssions reductions than either the catal yst or B20 al one. This
test was perforned both at standard timng, and with the one degree retard of

i njection timng.



Transi ent Em ssions Testing of Biodiesel and other Additives in a DDC Series 60
Engi ne. - SOUTHWEST RESEARCH | NSTI TUTE

A test programwas conducted to evaluate the effects of several diesel fuel

addi tives, including biodiesel, on exhaust em ssions for a rebuilt, four-stroke
1991 Detroit Diesel Series 60 engine. Additized fuels were nmade from en ssion
grade diesel fuel, and they were eval uated using hot-start testing over the EPA
heavy-duty transient test cycle. Em ssions data were generated using five
different additized fuels (referred to as Fuels A, B, C, D, and E) and two
"reference"” fuels; an em ssions grade, lowsulfur 2-D diesel fuel (Rl), and a | ow
sul fur, low aromatic diesel fuel intended to approxinmate a California reference
di esel fuel (R2). Regul ated em ssions of HC, CO NOx, and particul ates were
nmeasured, as well as unregul ated em ssions of SOF and sulfates. On sel ected test
runs, hydrocarbon speciation was performed to characterize the individua
conpounds that nmake up total gaseous HC em ssions.

Em ssions and Performance Characteristics of the Navistar T444E DI Di esel Engi ne
fueled with a blend of Biodiesel and Low Sul fur D esel Fuel. - FEV OF AMERI CA

Testing was conducted to characterize the fuel consunption influence and exhaust
em ssions characteristics that were observed while running the Navistar T444 E
di esel engine on a blend of 20% Soybean nethyl ester and | ow sul fur diesel fuel

Bi odi esel Lubricity Field Test - MARC- 1V Lubricity Study

The fuel funded through the 50,000 mle denonstration provided a little |ess than
10,000 mles of running time with a 20% bi odi esel blend for each of the six buses
t est ed.

Production and Testing of Ethyl and Methyl Esters. - UN VERSITY OF | DAHO

Test quantities of ethyl and nmethyl esters of four renewable fuels were processed,
characterized and performance tested. Canol a, rapeseed, soybean oils, and beef
tall ow were the feedstocks for the nethyl and ethyl esters. Previous results have
shown nethyl esters to be a suitable replacenent for diesel fuel; however, nuch

| ess has been known about the ethyl esters. Reported on was a conplete set of fue
properties and a conparison of each fuel in engine performance tests. The study
exam ned short termengine tests with both nethyl and ethyl ester fuels conpared
to nunber 2 diesel fuel (D2). Three engine performance tests were conducted

i ncl udi ng an engi ne mappi ng procedure, an injector coking screening test, and an
engi ne power study.



Optimzing the MJ Detroit Engine Timng for NOx Reduction and Eval uation of the
DDC Cat al yst - Fosseen Manufacturing & Devel opnent

This project with FMD provi ded studies for em ssions and NOx reduction by reducing
the timng on the DDC MJ 6V92TA coach upgr ade.

An engi ne torque curve was generated on #2, |low sulfur (9.05% diesel from which
the transient cycle was generated. Cycle performance was optim zed to neet the EPA
Cycl e Performance Regression Analysis. A Baseline Transient Em ssion (1 cold/3 hot
cycles) test was perforned collecting the follow ng em ssions: (1) gaseous, (2)
particulate, (3) CO CO2, NOX, THC, (4) insoluble and soluble fraction.

Fol |l ow ng the baseline, the prepared DDC owned catal yst was installed and
"prepped" for the follow ng day of testing (1 cold, 3 hot cycles). After

conpl etion of DDC catal yst testing the sequence of timng configurations was run
to determne the optinmum "trade-off" for em ssions. The optim zati on process took
several days. Once the timng configuration was determ ned, the engi ne was
broke-in for 1 hour on the 20/80 nethyl/soyate blend, followed by a 2 Point Power
Check, to conpare Biodiesel perfornmance to neat diesel. An EPA transient cycle was
then run (1 cold, 3 hot) collecting all gaseous and particul ate em ssions. The
final day of testing conmbined the 20/ 80 biodi esel blend, the DDC optim zed ti m ng,
and the DDC catalyst (1 cold, 3 hot cycles). The engine was returned to DDC for
eval uation. Both the catal yst and engi nes nentioned are the sole property of DDC

Conversion of dycerol From SoyDi esel Production to 1.3 Propanediol - University
of W sconsin

The overall goal of this project was to develop a fernmentation process for the
production of 1, 3-propanediol fromthe crude glycerol stream of a biodiese
facility. The project focused on the identification of a mcrobial strains for

1.3 PD production, fernentation optim zation, process devel opnent, process
econoni cs, market analysis, and pol yner product devel opnent.

The Econom cs of Engi ne Repl acenent/Repair for Biodiesel Fuels. - UNIVERSITY OF
GECRG A

Four alternative fuels, diesel, biodiesel, nmethanol, and conpressed natural gas
were investigated in a regenerative optimal stopping nodel for engine rebuilds
with data on m | eage and rebuilt costs for nunicipal bus operations. The nodel for
this bus engine optinmal rebuilt problens was a nested fixed point nmaxi mum



I'i kel i hood al gorithm which avoi ded many of the limtations which depend critically
on the existence of an analytic solution. Results indicated that biodiesel buses
at prices as high as $3.00 per gallon for biodiesel are conpetitive with other
alternative fuels

Engi ne Eval uation with Biodiesel Blend - Fosseen Manufacturing & Devel opnent

During this project FMD obtained a fresh 6V92-MJ coach upgrade from DDC and br oke
it in according to DDC procedures. This project provided docunentation of a 20/80
bl end and a 30/70 blend in 3 different configurations.

NATI ONAL BI ODI ESEL BOARD
FYO95 FUNDED RESEARCH PRQIECTS

Field Research Trials of Methyl Soyate for Underground M ne Equi pnment - U. S.
Bureau OF M nes

The goal of this investigation was to determne if nmethyl soyate fuel with the
addition of a diesel oxidation catalyst exhaust aftertreatnent device can reduce
exhaust pollutants from heavy-duty, diesel powered, underground m ning equi pnment
sufficient to econom cally replace expensive, conplicated exhaust aftertreatnent
devi ces used for particul ate reduction. The U S. Bureau of Mnes, Twin Cities
Research Center, M nneapolis, Mnnesota, net the foll ow ng research objectives:

(1) The U.S. Bureau of Mnes conducted field trials at an underground
netal or nonnetal nmine to neasure and conpare the concentrations of

di esel particul ate and exhaust gases present in the m ne when operating
di esel equi pnent on nethyl soyate and on petrol eum di esel fuel.

(2) The U.S. Bureau of Mnes perforned | aboratory screening tests of
nmet hyl soyate fuel using a diesel engine and exhaust scrubber system of
the type necessary for certification by the Mne Safety and Health

Adm ni stration for use by underground coal nine or gassy noncoal mne
face equi pnent.

Production and Testing of Ethyl & Methyl Esters Part Il - EMA Test Cycles
Uni versity of I|daho



This project was the second phase of the project submtted in 1993. Part 11: (1)
Produce sufficient quantities of Ethyl and Methyl esters of rapeseed oil, soybean
oil, canola and tallow using the procedures developed in Part |, for conducting
200 hour EMA test cycles. (2) Conduct EMA test cycles in 3 cylinder, D rect

I njection engines fueling the engines with 100% of the test fuels.

Eval uation and Optim zation of 110-HP Vol vo Qut board Engi ne University of
Tennessee

The overall objective was to eval uate and optim ze the performance of a 110-hp
Vol vo di esel outboard engine fueled with soydi esel for operation in

envi ronnmental | y-pristine waters. Specific objectives included determ ning: 1)
engi ne em ssions and effects on water quality, (2) engine performance, and (3)
engi ne endur ance.

The Physical Characterization of Biodiesel/Low Sulfur D esel Fuel Blends -
Uni versity of M ssouri

The objectives of this project were to (1) Analyze fuel related variables, as
outlined by the fuels division of the EPA, for blends of 20, 30, 50 and 70 percent
bi odi esel /di esel fuel. (2) Determne if the fuel analysis yields a |linear response
when conpared to 100 percent biodi esel and 100 percent diesel fuel. (3) Identify a
range of val ues that can be expected for various fuel related variabl es when

anal yzi ng bl ends of biodiesel and diesel fuel. (4) Evaluate the accuracy of

vari ous anal ytical procedures when anal yzi ng bl ends of bi odi esel and di esel fuel.

Perf ormance of Bi odi esel - Fuel Engines for Generation of Electricity -
USDA- Agri cul tural Research Service

The objectives of this project were to (1) Determ ne the perfornmance (fue
consunption, power, speed regulation, etc.) of biodiesel-fueled engines for

el ectrical generation used in renote areas. (2) Measure the em ssions of prine
power diesels when operating at variable | oads and fueled with biodiesel. (3)
Determ ne the | evel of wear of prinme power diesel engines when fuel ed by biodiese
and operated at variabl e | oads.

Operation of Cummins N14 Diesel on Biofuels: Performance, Em ssions and Durability
- ORTECH



ORTECH assenbl ed a program focusing on the Cunm ns N14 series diesel engine. This
engine is used in larger buses (e.g. articulated configurations), in trucks and in
farmtractors. The programwas structured in tw phases, with the objectives

bei ng:

Phase |: Generate em ssions data on baseline diesel, B20 and
wth a catalyst, using the full EPA transient test cycle and
the FTP snoke test schedul e.

Phase 11: Conduct a 1000 hour test sequence docunenting engine
performance and deterioration.

The work was initiated by the Mnistry of Transportation, Province of Ontario
(MO and the Canadi an Federal Governnent, represented through Environnent Canada
(EC). ORTECH was able to assure involvenent of the engi ne manufacturer, Cummi ns
Engi ne Conpany.

Bi odi esel Technical Fuel Quality Laboratory Analysis - BRABMJ

The objective of this project was to (a) Provide conpl ete anal ysis and
characterization for biodiesel being used in biodiesel field trials or research.
(2) Provide sufficient replication of sanple results to obtain statistically valid
anal ysis and conpare that anal ysis against existing specifications. (3) Use data
to assist the NBB and others in gathering performance based i nformati on which can
be used in the updating of existing biodiesel specifications.

The American Society of Agricultural Engineers recently approved an engi neering
practice, ASAE EP X552, listing the analysis that should be conducted on every | ot
of bi odi esel being used for research activities. The purpose of the engineering
practice is to provide detail ed engineering information in order to correl ate
research findings with biodiesel properties and attributes, provide accurate
conpari sons of research findings between differing projects and investigators, and
to troubl eshoot any probl ens which may occur. This engineering practice is not to
be construed as a specification for biodiesel, since nany nore itens are being
tracked than woul d be expected in a specification, but the data will be used as a
source of information feeding into specification devel opnent.

I nvestigation of Potential Exhaust Em ssion Reductions Through The Use of Mt hyl
Soyate as a Low Level Blend Additive Wth H ghway Di esel Fuel in a Heavy Duty
Di esel Engine (1988 DDECII 6V92 TA) - Environnent Canada



Testing on a 40" urban transit bus 1988 DDECI I 6V92 TA powered, over three repeats
of the ADB cycl es.

EPA approved engi ne em ssions test was run on the follow ng fuel characteristics
(1) Low Sul fur, (2) Low Sul fur/20% Bi odi esel, (3) Low Sul fur/20% Bi odi esel / Ti m ng
retard, (4) Low Sul fur/20% Bi odi esel / ENG CMX, (5) Low Sul fur/20% Bi odi esel / ENG
CMX/ Timng retard. Determ ned em ssions include: THC (55), NVHC, CO CO2, N, PM
SOF, (11) Al dehydes.

I nvestigation of Potential Exhaust Em ssion Reductions Through The Use of Met hyl
Soyate as a Low Level Blend Additive Wth H ghway Di esel Fuel in a Heavy Duty
Di esel Engine (DDC 8V71) - Environnment Canada

Testing on a 60" urban transit bus, DDC 8V7/1 powered, over three repeats of the
ADB cycl es.

EPA approved engine em ssions test will be run on the follow ng fuel
characteristics (1) Low Sulfur, (2) Low Sul fur/20% Bi odi esel, (3) Low Sul fur/20%
Bi odi esel /Timng retard, (4) Low Sul fur/20% Bi odi esel / ENG CMX, (5) Low Sul fur/20%
Bi odi esel /ENG CMX/ Tim ng retard. Em ssions to be determ ned include: THC (55),
NVHC, CO, CO2, NOx, PM SOF, (11) Al dehydes.

Transi ent Em ssion Testing Biodi esel Fuel On DDC 6V-92TA Engi ne/ Cumm ns L10
Mechani cal Engi ne - Engi neering Test Services

This project (1) Characterized baseline em ssions froma nechanical controlled DDC
6V- 92TA and Cummins L10 transit bus engine using #2 | ow sul fur diesel fuel. (2)
repeat ed an experinent using 20 volune and biodiesel in #2 | ow sul fur diesel fuel.
(3) Repeated using a timng retard with NOx at | east 3% bel ow baseline |evels. (4)
Repeated with an oxidation catal yst.

Bi odi esel Em ssions Testing On Cunm ns L-10 El ectronic Engine - N PER

This project provided FTP em ssions testing on a Cummns L-10 electronically
controlled engine for the follow ng configurations: (1) B20 + Timng Change, (2)
B20 + Catal yst, (3) D esel Fuel + Catalyst, (4) B20 + Catal yst + Tim ng Change.

Em ssi ons Eval uation of Catal yst Equi pped Detroit D esel 6V-92TA Engi nes - N PER/



West Virginia University

The gl obal objective of the proposed study was to eval uate exhaust em ssions and
the performance of a Detroit D esel 6V-92TA engi ne operating on a blend of

bi odi esel and No. 2 |ow sulfur diesel fuel. The data would be used as part of an
application for certification of 20% bl end of bi odiesel as an option under the
U S. EPA Rebuild/ Retrofit Program for urban buses. The Transportabl e Heavy Duty
Vehi cl e Em ssions Laboratory desi gned and operated by West Virginia University was
enpl oyed to evaluate the vehicles at their site of | ocation. The chassis
dynanonet er based | aboratory was used to conduct transient tests on vehicles
power ed by DDC-6V-92TA engi ne equi pped with and wi thout an oxidation catal yst.
Mass em ssion rates of carbon nonoxi de, carbon di oxi de, unburned hydrocarbons,
oxi des of nitrogen, snoke density and fuel efficiency were reported.

Anal yti cal Methodol ogi es For The Determ nation of Biodiesel Ester Purity - R W
Hei den

The proposed work entails a detailed review of existing literature about the

anal ytical characterization of nethyl esters of oils and fats of bi ol ogical
origin, followed by a | aboratory study of selected nethods. The objective was to
| ay the foundation for a standardized procedure for routinely determning the
ester purity. In the first phase of the work, a thorough review was done of the
nost conmmonly used nmethods in the U S. Sources listed in the RFP's were searched,
as well as other accessible literature materials. The net hodol ogy candi dates for
detailed | aboratory study were identified. The focus was on spectroscopic,

chr omat ogr aphi ¢ and chem cal nethods. In the second phase, chosen nethods were
studied in the |laboratory to confirmearlier findings, investigate possible issues
associated with bias, interferences, additional information obtainable by the

nmet hods, and costs. A procedure was devel oped, refined, and then submtted for
review for standardi zati on process.

Chemi cal and Biol ogical Characterization of Em ssions from a Bi odi esel - Fuel ed
Under ground M ning Engine - M chigan Technol ogi cal University

This project neasured the unregul ated em ssions, particularly PAH m cro- PAH,
carbon nunmber analysis, and nutagenic activity in the particle and vapor phase
sanpl es obtai ned froman underground m ni ng engi ne operated under transient
conditions with three fuels (neat diesel, neat biodiesel and a 30% 70%

bi odi esel /di esel blend) with and without two types of oxidation catalytic
converters as control devices. Wrk was done with personnel fromthe US Bureau of
Mnes - Twin Cties Research Center to analyze all of the data obtained as part of
this project in order to evaluate the effectiveness of the biodiesel fuels and
control devices for potential use in the underground m ne environnent.



Eval uation of the Effects of Biodiesel and Ceram c Coating on D esel Exhaust
Em ssions In A Research Engi ne - Sout hwest Research Institute

The test programwas divided into two phases. Both phases were conducted using the
singl e-cylinder research engi ne described bel ow. The biodi esel test fuel used was
an 80-20 bl end by volunme of em ssions grade 2-D diesel fuel and biodiesel. The
first phase involved eval uation of biodiesel in the engine using an un-coated set
of parts. Data was generated at different injection pressures, and injection
timng set-points as described bel ow. The second phase consisted of a testing of

bi odi esel in conjunction with the GPX-4 coating system provided by Engel hard,

whi ch was exam ned over the sane matrix of tests as the un-coated engi ne.

Fueling Direct Injected D esel Engines with 100% Neat Bi odi esel - University of
M ssouri

The primary goal for this research was to investigate the long-termreal -world
i npact of fueling nodern direct injected on-road di esel engines with B100.
Specific research objectives included:

1. Operating a 5.9L D1 diesel engine 50,000 nmiles or until the
engi ne has exceeded 100,000 m | es of operation.

2. Recording of engine operating paraneters including fue
econony, engine oil analysis, parts replaced, and mles
driven.

3. Measuring engine power using a chasis dynanoneter at 12, 000
mle intervals.

4. Recording of NOx, CO CO2, HC, and opacity by respectively
usi ng NOVA portabl e anal yzer and a Tel onic Berkley opacity
nmet er.

5. Entering the data into Paradox, a relational database for
anal ysi s.

6. Performng a conplete tear-down of the engine at Cumm ns
Engi ne Conpany, Col unbus, 1ndi ana.

Bi odi esel Fl exi bl e Fuel ed Vehicle Market Penetration Evaluation - University of
I1linois at Chicago

The purpose of this study was to discover just how many |light duty alternative



fuel ed vehicles state fleet managers would be required to purchase starting in MY
1996.
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MECHANI SM5 CF EM SSI ONS REDUCTI ON USI NG Bl ODI ESEL FUELS - UNI VERSI TY OF W SCONSI N

A conbi ned experinental and nodeling study to determ ne the nechani sns of
i ncreased NOx and sol uble organic fraction (SOF) that can occur with the use of
bi odi esel fuels in heavy-duty di esel engines.

ASTM St andar ds Devel opnent and | ndustry Acceptance - MARC- 1V

The objectives of this project were to maintain the chairmnship of the ASTM

Bi odi esel Task Force; obtain in-depth feedback on the draft ASTM specification
fromCEM s, producers, distributors, users, and researchers; recommend the proper
anal ytical nethods for the draft ASTM specification based on NBB and ot her
research projects; presentation of these findings to ASTM determ nation of
actions needed to gain agreenent on the specification within the ASTM process;
execution of the actions devel oped by the ASTM process and review of the

speci fication; devel opnment of the final ASTM bi odi esel specifications on sound
scientific methods and upon the requirenents of custoners, engi ne manufacturers,
and producers; and use of the process for devel oping the specification to build
and enhance industrial acceptance of biodiesel.

@Qui de For The Transportation and Handling of Biodi esel and Bi odi esel Bl ends -
University of M ssouri

This project allowed for review of biodiesel research available fromthe Nationa
Bi odi esel Board and ot her biodiesel related research that has produced real world
experience in the transportation and handling of biodiesel or biodiesel blends;
review of literature related to transportation and handling of biodiesel and

bi odi esel bl ends; and production of a guide to the efficient handling and
transportati on of biodi esel and bi odi esel bl ends.

Research Strategy and Coordi nation - MARC- IV

oj ectives of this project included advisory briefings on devel opi ng and
i mpl ementing a conprehensive research programto eval uate bi odi esel fue



performance, fuel characteristics, fuel cost analysis, fuel inprovenents and
alternative uses for biodiesel and its by-products; providing NBB wth a sound
research strategy to enhance the devel opnent of the biodiesel industry through
neeti ng the needs of fuel users, engine manufacturers, regulators, and bi odi ese
producers and distributors; use of this strategy as a neans of coordination and
cooperation with governnent agencies, universities and academ a, industry, and
others in order to nmaxi mze the value of research acconplished for biodiesel.

Engine G| Inpact Literature Search and Sunmary - University of M ssouri

During this project the researchers reviewed bi odi esel research available fromthe
Nat i onal Bi odi esel Board and ot her biodiesel-related research that anal yzed engi ne
| ubricating oil while fuel ed on biodiesel or biodiesel blends; worked
cooperatively with engine oil analysis |laboratories to determ ne the appropriate
nmet hodol ogy to anal yze engine lubricating oil that had been diluted with biodiese
fuel ; nade conparisons anong the data reported in the literature to determne if
previously reported oil analysis data had been anal yzed properly; and the
researchers coll ected and anal yzed engine | ubricating oil sanples taken during
NBB- sponsored research/ denonstrati ons.

I denti fying and Eval uati ng Non- Fuel Products From Bi odi esel - Devel opnent
Systens/ Appl i cations Internationa

The overall objective of this project was to identify and eval uate industria
products that can be made from soybean nmethyl esters in addition to biodiese
fuels - plus determning and prioritizing those uses that have the best
opportunity for commercialization. Specific objectives included conducting a

t hor ough exam nation of products and product uses for nethyl esters derived from
soybean oil; physically testing nethyl esters in the nost prom sing sel ected uses;
and identifying those products that have the greatest potential for
conmer ci al i zati on

Tr oubl eshooting Field Problens Wth Bi odi esel - Schunacher Consulting

The objectives of this project were to devel op an "NBB Troubl eshooti ng Teant
consi sting of biodiesel researchers, industry representatives and research
techni ci ans; devel op an "NBB Troubl eshooti ng Team Response Pl an" that could be
used as a nodel when responding to problens that surface during biodiesel and
bi odi esel blend fueling; develop and utilize a "troubl eshooting |og" that
docunents the efforts of the NBB Troubl eshooting team secure the services of
consultants to visit the site of the problem and gather additional informtion
about the problem secure and mail sanple containers to biodiesel users as



appropriate; analyze the sanple (if possible) using basic analytical techniques
and phot ograph each sanple, determ ne the | aboratory best suited to anal yze

sanpl es; sanple analysis review of the findings, and subm ssion of recommendati ons
to NBB concerning the problem

Bi odi esel Fuel s Laboratory Eval uation Using Conmercial Mterials/Chem cal Testing
Laboratories - BRABM J

This project continued chem cal testing and eval uati on per the NBB specification;
provi ded statistical data on the accuracy and precision of the selected testing

| aboratories; and provided data to assist the NBB and others in gathering

per formance-based i nformation for use in updating the existing biodiese

speci fications.

CEM Accept ance - MARC- IV

This project provided existing data on bi odi esel properties, em ssions, and
durability to the major Oiginal Equi pnent Manufacturers (OEM s); ensured proposed
testing and research data needed by the CEM s for eval uati on of biodiesel; shared
new data with OEMs as it becane avail abl e through NBB research and research

conpl eted by cooperators.

Di esel Fuel Punp Evaluation and Analysis - WIllians Pipe Line Conpany, System Lab
Servi ces

This project characterized the operation and performance of diesel fueling systens
and transfer punps, with |aboratory type punp stand apparatus, using biodiesel of
varying properties (both as neat fuel and as a B20 bl end) and neat petrodiesel,
and determ ne any performance degradation that nay occur with tine.

I njector Deposits - Engineering Test Services

This project investigated the detergency effects of biodiesel. Two (2) Cunm ns ' 88
L10 engines joined in tandem were used. Each test was run for 125 hours on a cycle
that alternated between driving and notoring of each engi ne. The pass/fai

criteria for this test was based on carbon and | acquer deposits (CRC rating) on
the injector plunger, as well as a flow | oss specification of the conplete

I nj ector.

Thermal and Oxidative Stability - WIlians Pipeline Conpany



This project investigated several facets of biodiesel stability and presented a
sunmary of past research concerning diesel fuel stability. Biodiesel stability
relative to petrol eum based di esel fuel, appropriateness of testing biodiesel by
selected stability test nethods used in the petrol eumindustry, and efficacies of
petrol eum addi ti ves and a food-grade stabilizer were explored. Results fromthis
project provide information regarding what instrunents can be used to further
evaluate the stability of biodiesel and additive efficacies.

Additive Conpatibility - WIllians Pipeline Conpany

This project analyzed the effectiveness of conventional petrol eum product

addi tives on neat biodiesel and biodi esel blends. The additives were anal yzed
singularly, and as a group. The additives studied included cetane, stability,
conductivity, and corrosion inprovers.

Sanpl e Anal ysis From Bi odi esel Test -- UMC

The overall purpose of this project was to anal yze sanples taken during a NBB 1000
hour durability test. Specifically, the follow ng objectives: (1) determ ne fue
properties/contam nants so as to nake it possible to duplicate the fuel conditions
that cause the filter to plug and the residues to be forned; (2) determ ne the
chain length of the residue sanples in an effort to determ ne whether the deposits
are of biodiesel or of petroleumorigin; and (3) determ ne the el enental
conposition and conpounds present in the fuel and residue sanple. Based on these
anal yses, the fuel additives and contanmi nants that were nost |ikely present shoul d
be det er m ned.

Soy-Derived Di esel Fuel Additives

The objective of this project was to identify suitable derivatives of soybean oi
for possible application as fuel additives. Mninmumfuel additive application
areas included diesel fuel cetane inprovers, diesel fuel detergents, gasoline
detergents, and diesel fuel lubricity/corrosion inhibitors.

Determ nation of Biocide Efficacy and Mcrobial Activity on Biodiesel - BDM
Petrol eum

The objective of this project was to determne the mcrobial growth
characteristics that can contam nate bi odi esel and bl ends of biodi esel /petrodiese
and to determ ne the efficacy of selected biocides and m crobial agents, comonly
used for petrodiesel, in controlling these growhs. The results of the research



w Il be used to make recommendati ons on storage of biodiesel and use of effective
bi oci des to prevent their contam nation.

Bi odi esel Lubricity - WIllians Pipeline Conpany

The objective of the proposed study was to define the effects of increasing
concentrations of biodiesel on the lubricity of |owsulfur and | ow aromatic fuels.
The effect of commercially available lubricity additives in identical fuels was

al so refined and conpared to biodi esel and conpared to historical lubricity

i nformati on on di esel fuel before the change to | ow sul fur diesel.

Custoner Parts Assi stance - UMC

The main objective of this project was to respond to "frequently asked questions”
fromresearchers, clients, and other individuals or conpanies researching

bi odi esel . The follow ng specific objectives were approved to acconplish this
broad objective - develop and maintain a responsive custonmer parts assistance site
on the Internet, allow ng end users to seek answers to FAQ about the use and
commerci ali zation of biodiesel; respond to customer parts assi stance questions

rai sed by individuals interested in biodiesel and its comercialization via fax,
phone, and the Internet; and interact with relevant agencies to stinulate interest
and devel op support for biodiesel research via the Internet.

Long- Term St orage - BDM Ckl ahoma

The objective of this project was to determne the stability of biodiesel and
bi odi esel / petrodi esel bl ends over an extended storage period with varying
quantities of nono-di-tri-glycerides and evaluate the efficacy of stabilizing
additives in extending their storage life.
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