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ABSTRACT

This report summarizes phase 2 of a Montana Department of Transportation (MDT) research
project examining technical issues related to the usage of biodiesel in the state. The results of a
small-scale field test involving the use of 20 percent biodiesel (B20) fuel in select MDT
maintenance vehicles are presented. Operations and maintenance experience were generaly
positive, and MDT personnel were receptive to using biodiesel in the future. Based on that
experience, this report reviews other aspects that may influence the state’s biodiesel policy,
including increasing use of finer rating engine fuel filters, microbial contamination, and potential
evasion of biodiesel fue by long-haul motor carriers. Biodiesel production aspects are examined
in detail, especially feedstock availability, to determine the potential for development of a
biodiesel industry in Montana. Federal policies and laws enacted by other states are reviewed, in
order to better understand external factors that may affect Montana’ s biodiesel industry. Severd
policy alternatives are presented, with their strengths and weaknesses subjectively analyzed.
Finally, several avenues for future research are identified that may help the state in determining
future biodiesel policy.
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Evaluation of Biodiesel Fuel: Field Test Introduction

1. INTRODUCTION

The Montana Department of Transportation (MDT) was asked by the Transportation Committee
of the Montana House of Representatives to initiate a research project focusing on the viability
of using biodiesel as an alternative fuel in MDT s vehicle fleet. To undertake this study, MDT
has implemented this project in two phases: first, a review of relevant literature regarding the
performance of biodiesel in motor vehicles; and second, a test application using a B20 blend (20
percent oilseed-based biodiesel, 80 percent conventional diesel) in select MDT vehicles housed
in Missoula and three housed in Havre.

This document concludes phase 2 of the research effort. It describes a field test that was
conducted using MDT vehicles fueled with B20 over asix-month period between December
2003 and June 2004. With this as background, this document explores potential biodiesel policy
aternatives that may be pursued.

Chapter 2 provides a brief recap of phase 1 of this research. Chapter 3 describes the
methodology of the field test, including documentation on repair and fueling, and surveys of user
perceptions. The results of the field test from each location are summarized in Chapter 4.
Chapter 5 examines other issues that were raised by the technical panel, relating to engine filter
specifications, microbial contamination, and potential evasion of fueling stations in Montana.
Chapter 6 looks at potential biodiesel production and demand, with an emphasis on Montana
feedstocks that may be used in biodiesal production. Chapter 7 provides an overview of Federal
and state policies that may influence biodiesal usage, and reviews policies adopted by other
states with respect to biodiesel, which may be useful in shaping Montana’ s own policy. Chapter
8 presents and assesses a variety of policy aternatives that may be used regarding biodiesel.
Chapter 9 summarizes this project, and outlines next steps.
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Evaluation of Biodiesel Fuel: Field Test Review of Phase 1

2. REVIEW OF PHASE 1

On February 12, 2003, the Transportation Committee of the Montana House of Representatives
heard testimony on House Bill 502, which proposed that al diesdl fuel sold for use in internal
combustion engines contain at least 2 percent biodiesel fuel by volume. The bill was discussed
but tabled by the committee because of “unanswered questions surrounding this relatively new
technology.” Specific concerns included:

?? “the effects of biodiesel blends on engine performance — specifically fuel economy,
torque, and power — as compared to diesdl;

?? cold weather product storage and potential for gelling;

?? sulfur, carbon monoxide (CO), carbon dioxide (CO,), nitrogen oxide (NOy), and other
emissions; and

?? potentia for engine damage.” (1)

MDT was asked by the House Transportation Committee to initiate a research project focusing
on the viability of using biodiesel as an aternative fuel in MDT'’s vehicle fleet. To undertake this
study, MDT has implemented this project in two phases: first, a review of relevant literature
regarding the performance of biodiesel in motor vehicles; and second, a test application using a
B20 blend (20 percent oilseed-based biodiesel, 80 percent conventional diesdl) in select MDT
vehicles housed in Missoula and three housed in Havre.

2.1. Phase 1 Findings

The literature review was completed in February 2004 (2). The primary findings of the literature
review are as follows.

?? In general, engine performance has not appeared to suffer because of the introduction of
biodiesal. There is some variation in study reports. some claim no effedt, others clam no
significant effect, and yet others show areduction in vehicle performance.

?? Cold weather product storage for low biodiesel blends (B20 or less) should not be a
problem. Biodiesel blends are already used on a widespread basis in several cold weather
locations, including Yellowstone National Park, Glacier National Park, Grand Teton
National Park and Malmstrom Air Force Base. Moreover, biodiesel has been approved by
the U.S. Environmental Protection Agency (EPA) as a fuel additive (B2 or less). At least
one public fueling station in Montana blends biodiesel into its conventional diesel.

?? Numerous emissions studies have been conducted, and ably summarized by EPA. Most
tests have been done with B20 biodiesel blends. The percent change in emissions tends to
increase with increasing proportions of biodiesel. The net conclusions on specific
pollutants are as follows:

Western Transportation Institute Page 2



Evaluation of Biodiesel Fuel: Field Test Review of Phase 1

?? Biodiesdl has essentidly no sulfur, so sulfur oxide (SOy) emissons are lower in
biodiesal blends. Thisis aso an important benefit because the EPA will require lower
sulfur fuels to be used by diesel vehicles starting in 2006.

?? Carbon monoxide (CO) emissions are lower. CO is a poisonous yet invisible and
odorless gas which is a major air pollutant. According to EPA studies, as much as 95
percent of the carbon monoxide in typical U.S. cities comes from mobile sources.

?? Carbon dioxide (CO;) emissions are not currently regulated by EPA.

?? Hydrocarbon (HC) emissions are lower. HC emissions are a precursor to ground- level
0zone, a serious air pollutant in cities across the United States. A key component of
smog, ground-level ozone is formed by reactions involving HC and nitrogen oxides
(NOy) in the presence of sunlight.

?? Nitrogen oxide (NOy) emissions are dightly higher (~2%) than conventional diesel.
Some studies have indicated that NOx emissions with a biodiesel blend can be made
equivalent to conventional diesel through changes in engine timing or additions of
fuel emulsions. Regardless, in our examination of related air quality and regional haze
regulations, this would not affect Montana’s conformity with national air quality
standards.

?? The biggest concern regarding potential engine damage is when an engine alternates
between different fuel types. Conventional diesel leaves deposits in engines that
biodiesd, as a solvent, will clean out. This can mean additional costs for replacing fuel
filters initialy, but these are not necessary over time. This is less of an issue if a low
biodiesal blend is used, or if biodiesel were used as an additive (B2).

?? There appear to be no significant motor fuel tax revenue implications from increasing the
use of biodiesel in Montana

?? A significant barrier to broader implementation of biodiesel isits price. Thisis adifficult
issue to resolve at this time since much of the cost of biodiesdl is attributable to the
feedstock and transportation, and not to production. Given a higher price, it would be
important to consider how biodiesel might be superior to diesel. Biodiesel's primary
benefits are increased lubricity, domestic production, and reduced emissions. Only some
instances have shown that biodiesel has significant performance advantages compared to
conventional diesdl.

2.2. Recommendationsfor Phase 2 Testing

In assessing laboratory and field experience with biodiesel to date, the literature review assessed
that “there seems to be a broad consensus that biodiesdl is a safe and reliable fuel that can be
used in limited quantities in biodiesel blends with minimal or no additional accommodation.”
The report noted, however, that there are questions related to biodiesel blend rate, user
acceptance and cost (2).
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Evaluation of Biodiesel Fuel: Field Test Review of Phase 1

The literature review recommended that the phase 2 field test “should provide an important
screening for user acceptance of the fuel. ... [The test also] should focus on fuel economy, which
can be easily measured, along with anecdotal evidence regarding fuel transportation, handling
and storage, and engine maintenance. Operator and maintenance staff surveys will be important
to gauge overall user acceptance.” (2)

However, the literature review noted that price considerations may be “a more critical question
regarding the future of biodiesel in the state.” It stated, “More detailed analysis regarding the
economic impacts of biodiesel — positive impacts for farmers in genera and Montana farmers in
particular and negative impacts in terms of increased fuel prices that are directly or indirectly
absorbed by consumers — would be essential when considering long-term policy regarding
biodiesal.” (2)

2.3. Review of Phase 2 Goals

The purpose of phase 2 of this research project isto conduct afield test using MDT vehicles that
answers the questions of the House Transportation Committee. Because many questions have
been substantially answered in the literature already, this study will focus on those aspects where
there is ambiguity. Specific phase 2 tasks include the following:

?? assisting in implementation of a small-scale field test of B20 with MDT vehicles at the
Havre and Lolo South maintenance facilities,

?? collecting and anayzing information related to performance of the test vehicles,
including fuel economy data and maintenance records;

?? surveying MDT vehicle operators and maintenance personnel at Havre and Lolo South
regarding their experiences in maintaining, fueling and driving vehicles with and without
biodiesdl; and

?? developing a set of potential policy alternatives, with assessments of their advantages and
disadvantages.
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Evaluation of Biodiesel Fuel: Field Test Methodology

3. METHODOLOGY

The purpose of the field test component of this research project was to provide aloca example
of biodiesal usage that could help in determining an appropriate course for biodiesel policy in the
state. The field test consisted of a six-month test where a 20 percent blend biodiesel (B20) fuel
was used in selected vehicles at two Montana Department of Transportation (MDT) maintenance
facilities: Lolo South and Havre. This chapter details the data that was collected and the test sites
used for this project.

3.1. DataSources

The purpose of the field test was to evaluate user acceptance, as well as to document any
maintenance or performance characteristics where biodiesel differed from conventional diesel.
Researchers analyzed maintenance records, fuel economy, and driver surveys.

3.1.1. Mantenance Records

During the field test, MDT performed the same scheduled maintenance activities on the B20-
fueled vehicles as vehicles fueled with conventional diesel. MDT practice calls for trucks to have
a preventative maintenance 1 (PM1) procedure every 3,000 miles. For most vehicles, PM1
includes an oil change; for vehicles equipped with a Sentinel system, a technology that
recirculates used oil into the engine, PM1 includes greasing the system and re-filling the oil
reservoir as needed. MDT also conducts a more extensive preventative maintenance 2 (PM2)
procedure every 20,000 miles. PM1 activities occur at locations where vehicles are housed,
whereas PM2 activities occur at larger maintenance area and district shops.

For PM2 activities, MDT keeps paper and computerized records of repairs done at the area and
district maintenance shops. These records document the problem that was reported, and all
diagnostic and corrective actions that were taken to address the problem. They also indicate
when vehicles are sent to outside facilities for more specialized repair. For PM1 activities, MDT
only records the date of service unless something unusual is noticed.

3.1.2. Fuel Economy

One quantitative measure of vehicle performance for which data would be easy to collect is fuel
economy. WTI developed forms for the B20-fueled vehicles assigned to each maintenance site.
The forms included spaces for the odometer reading when the vehicle was fueled, and the
number of gallons required to fuel the vehicle. The forms, included in Appendix A, differed
dightly between the two maintenance sites because it was believed that Havre might be more
likely to use different base fuels and fuel additives due to colder weather.

3.1.3. Driver Interviews

Based on the findings from Phase 1, researchers concluded that user acceptance would be a
prime factor in determining long-term acceptability of biodiesel fuel. For this reason, driver
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interviews were another important element in the research. It was nitially proposed that the
project use a blind-test approach in order to eliminate potential bias in the results. However,
because the project required changes in fueling procedures for vehicles and additional paperwork
(i.e. keeping fuel usage logs), researchers determined that a blind-test would not be feasible.

Therefore, at the outset of the project, a member of the research team along with one or two
members of the technical panel, met with MDT maintenance personnel at both Lolo and Havre to
discuss the field test, agree upon a data collection plan, and answer any questions. WTI staff
provided personnel with briefing materials on biodiesel and the research project. WTI also
provided a list of survey questions to maintenance supervisors at each location early in the
project, so that drivers could know the types of questions that would be asked. Survey questions
are summarized in Table 3-1. When the actual survey was conducted, a member of the research
team had the opportunity to meet with personnel in an unsupervised setting, which permitted free
expression of opinions on the advantages and disadvantages of the fuel.

Table 3-1: Questionsfor Driver Surveys

Survey Area Questions

Usage ?  About how much did you drive on vehicles with biodiesel during the 6-
month testing period?

? Did you switch the vehicle back to regular diesel at any time during the 6-
month testing period? If so, why?

Performance ? Did you notice any difference in how the vehicle ran?

? Did you take special precautions during cold weather because of the
biodiesel? If so, why?

Maintenance ? Did you naotice anything unusual during visual inspections of the vehicles

that could be due to using biodiesel?

? Did you notice anything unusual during preventative maintenance (PM1 or
PM2) of the vehicles that could be due to using biodiesel?

? Did you experience any breakdowns or mechanical difficulties as an
apparent result of using biodiesel?

Summary ? Overall, how did your vehicle do with biodiesel versus conventional diesel?

3.2. SiteReview

Two sites were used for this field test: Lolo South and Havre. The vehicles at each site are used
for a variety of maintenance activities, with varying vehicle loads on the full range of routes in
each district.
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3.2.1. Lolo

The Lolo South maintenance yard is located on US 93 just south of the town of Lolo.
Maintenance personnel at this yard are responsible for US 93 from Missoula to Stevensville and
Secondary Highway 203 from Florence to Stevensville.

The Lolo South yard is part of the Missoula maintenance district (District 1). Personnel at Lolo
South are responsible for performing PM1 activities on their vehicles, whereas PM2 activities
occur at Missoula.

There are five vehicles housed in the Lolo South maintenance yard, four of which were used in
the field test; these vehicles are listed in Table 3-2. These vehicles are used on a regular basis
and are stored indoors when not in use. The Lolo South yard also has a single-axle truck whichis
stored outside and used as a relief vehicle as needed.

Table 3-2: Study Vehiclesat Lolo South

Vehicle ID Description Engine
09-0268 2002 Dodge 1-ton

29-4130 1991 GMC Topkick Caterpillar 3116
29-4297 2000 Sterling w/ Sentinel System Cummins ISM
29-4397 2000 Sterling w/ Sentinel System Cummins ISM

Maintenance personnel normally refuel their vehicles at a commercia station off-site. For this
research project, B20 was provided to an existing fuel vault at the maintenance yard, and the four
vehicles used this vault for fueling through the course of the project. Staff members were
authorized to decide whether to use B20 or conventiona diesel in the single-axle vehicle.
Researchers and participants agreed that if any significant problems occurred during the field test
that were attributable to the fuel, maintenance personnel could revert to diesel to ensure that road
mai ntenance operations would not be hindered.

3.2.2. Havre

The Havre maintenance facility is located on US 2 at the western edge of Havre. It serves as one
of two maintenance areas for District 3, headquartered in Great Falls, and houses 15 to 20
vehicles. Personnel at Havre are responsible for driving routes, as well as performing PM2 and
other maintenance on vehicles from throughout the area. Route coverage includes US 2 between
Hingham and Chinook, US 87 south to Big Sandy, Secondary Highway 232 to the Canadian
border, Secondary Highway 233 north for 22 miles, Secondary Highway 234 from Havre to
Beaver Creek Park, and Secondary Highway 240 between Chinook and Cleveland.

Western Transportation Institute Page 7



Evaluation of Biodiesel Fuel: Field Test Methodology

Havre personnegl chose a subset of three vehicles for the field test, as shown in Table 3-3. These
vehicles were selected to include a mix of mileage levels, and aso to include a vehicle with the
Sentinel system to seeif there were any effects of biodiesel on that technology.

Table 3-3: Study Vehiclesat Havre

Vehicle ID Description Engine

29-4041 1985 Ford L9000 Cummins 855

29-4234 1996 Ford Tandem Cummins 8.3L C
Series

29-4316 2000 Sterling w/ Sentinel System Cummins ISM-11
Electronic Injection

Like Lolo personnel, Havre personnel normally fuel their vehicles off-site at commercial
stations. For this research project, MDT installed an old fuel vault at Havre to provide B20 to the
three vehicles included in the field test.
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4. RESULTS

This chapter summarizes the results of the field test. First, background conditiors are discussed
to identify factors that may have influenced field test results, including weather during the field
test and preliminary laboratory fuel testing. The subsequent sections will review the findings

regarding maintenance history, fuel economy and driver perceptions of the fuel. The chapter
concludes with a brief summary of the overal findings.

4.1. Background Conditions

4.1.1. Weather

The field test started in late December 2003 and concluded in June 2004. The test was scheduled
during these months to ensure that the fuel would be tested under cold westher conditions, since
this was a potential area of concern identified in the Phase 1 research. Figure 4-1 illustrates how
the mean daily temperatures for each month during the field test compared with historical
average readings for Lolo and Havre, respectively’. As can be seen, January and February were
dightly colder than normal, while the spring months were norma or dlightly warmer than
normal.
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(Source: 3)
Figure4-1: Monthly Mean High and Low Temperatures, Lolo and Havre

! Lolo weather was collected using data collected from Missoula International Airport (MSO). According to
archived records available at www.weather.com average temperature ranges are similar between the two locations,
although Lolo records about 20 percent more precipitation. Havre weather was collected at Havre City/County
Airport (HVR). In both locations, the test vehicles served a far broader geographic area, and microclimates may
create areas with different temperatures and precipitation levels.
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Table 4-1 shows the coldest temperatures that were observed at each location during the field
test. None of these temperatures were record lows for those respective days, but the weather was
cold enough to provide good testing of the B20’s behavior in cold weather.

Table 4-1: Coldest Temperatures Observed (°F) During Field Test

Lolo Havre

January 6 -23 January 4 -33
January 5 -19] |January 3 -28
December 30 -6 February 3 -28
January 4 -5 February 2 -24
January 7 -1 January 5 -23
February 13 3 January 27 -22
January 8 4 January 28 -19
January 3 7 February 4 -19
January 1 8 January 6 -18
4 days at 9 February 6 -15

(Source: 3)

It should be noted that MDT maintenance personnel were encouraged to use the same starting
and indoor storage procedures with the B20 vehicles as they use for diesel vehicles.
Consequently, the cold temperatures listed reflect the types of operating conditions for the
vehicles after they left the maintenance facility, as opposed to the temperature conditions under
which vehicles were started.

Monthly water-equivalent precipitation totals (during the field test and historical averages) for
each location are shown in Figure 4-2. Precipitation totals were less than normal during the
winter months, which suggests that roadway winter maintenance activities especially plowing,
may have been less frequent than in a typical winter. Precipitation levels were higher in May,
which delayed spring maintenance activities (such as hauling gravel). By June, however, drier
weather allowed maintenance crews to use the B20 vehicles on these activities as well.
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Results
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Figure 4-2: Average and Observed Monthly Water-Equivalent Precipitation

4.1.2. Fuel Characteristics

Laboratory analyses were conducted on the base diesel and the blended B20 that were used at
each site. At Lolo, samples were collected from the pump nozzle at Town Pump in Florence
(diesdl) and from the fuel vault (B20). At Havre, samples were collected from the pump nozzle at
Cenex (diesel) and from the fuel vault (B20). Fuel testing was conducted in March and April (for
both of Lolo’s fuels and the Havre biodiesel blend) and June (for diesel No. 1 and a 50/50 blend
of diesel Nos. 1 and 2 at Havre).

The results of the fuel tests are presented in Table 4-2. For both sites, the biodiesel had a lower
gpecific heat value than the base diesel, which means there is less energy in the fuel. The
biodiesdl fuel was dightly heavier and had a higher viscosity. There was a reduction in carbon
and hydrogen content, but an increase in oxygen content. Cold weather properties for B20 were
poorer than for the base diesal. The values were closer in Lolo (except for pour point), where the
base diesdl is No. 2, which is not as good in extreme cold weather as diesel No. 1. It isinteresting
to note that lubricity using the high-frequency reciprocating rig (HFRR) test was markedly
improved with B20. This has been a significant argument in using biodiesel in blends as low as 2
percent, especially with the advent of ultra- low sulfur diesel fuel in 2006 (see section 7.1.4).
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Table 4-2: Results of Laboratory Fuel Tests

3IN)ISuU| Uo e odsuUel | UBISOMN

Havre Lolo
Base Diesel

Description #1 50/50 #1/#2 #2 B20 w/ #1 Base Diesel B20
Specific Heat, BTU/gal 134,424 135,761 138,628 133,932 136,178 133,333
Kinematic Viscosity at 40 °C, cSt 1.488 1.921 2.770 2.173 2.420 2.752
Specific Gravity at 15 °C, g/mL 0.8194 0.8378 0.8576 0.8464 0.8504 0.8576
Density at 15°C, kg/L 0.8193 0.8377 0.8587 0.8466 0.8503 0.8586
Water and Sediment, % by vol. 0 0 0 0 0 0
Fuel Composition (% by mass)

Carbon 85.49 86.40 86.02 84.60 86.16 86.02

Hydrogen 13.55 13.21 12.66 12.91 12.94 12.66

Nitrogen <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Oxygen 0.96 0.39 1.32 2.49 0.90 1.32
Sulfur Content (ppm) 35.0 135.0 229.1 105.5 145.0 136.3
Distillation 164 - 263 174 - 336 190 - 352 176 - 344 188 - 343 182 - 344
Flash Point (°C) 50 57 >190 177 >190 >190
Cloud Point (°C) -54 -28 -18 -20 -22 -16
Pour Point (°C) -58 -44 -30 -32 -36 -22
Cold Filter Plugging Point (°C) -51 -30 -18 -26 -23 -19
lodine Test 3.32 5.6 8.14 23.28 6.91 27.22
Microbial Test

Bacteria Colonies per ML 0 0 0 0 0 0

Yeast Colonies per mL 0 0 0 0 0 0

Fungi Absent Absent Absent Absent Absent Absent
Lubricity

Single-load BOCLE, friction coeff. 0.292 0.271 0.321 0.300 0.308 0.313

HFRR, microns 671 613 574 256 579 256
Cetane Number 40.5 42.5 39.1 45.4 41.3 40.9
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MDT staff in Havre conducted tests on their used lube oil and provided results to WTI. These
results were “negative” regarding the presence of water in the used lube oil; i.e. the water was
determined not to be a materially significant amount.

4.2. VehicleMaintenance

This section will review the maintenance histories of the B20 vehicles during the field test.

42.1. Lado

In general, the vehicles at Lolo using B20 did not experience significant maintenance problems.
Three of the four vehicles — the two Sterlings and the Dodge 1-ton pickup — exhibited no unusual
problems during preventative maintenance activities, and had no unscheduled maintenance
activities related to the engine or fuel systems.

The GMC Topkick, the oldest of the vehicles based at Lolo, experienced difficulties during the
field test. The vehicle was reported to be operating poorly, and the filter was replaced showing a
long, greasy, mucus-like substance in the fuel/water separator filter. After driving another 100
miles or so, the vehicle was still running poorly, so it was taken to Missoula for PM2. Even after
the preventative maintenance, the vehicle has till been running poorly, with reports of poor
idling and excessive smoke. After significant in-house diagnostic work, MDT took the vehicle to
an outside repair facility, where the problem was diagnosed as fuel injectors needing to be
replaced. The repair process left the vehicle out of service for over two months, during which
time the single-axle truck was put into service, using conventional diesel. After the injectors
were replaced, the vehicle was restored to service with biodiesel and no further problems were
noted.

It is possible, but doubtful, that the injector problems were caused by the biodiesel. Biodiesel
could possibly contribute to injector malfunction because of its higher water adsorption, and the
detrimental effects water can have on fuel injectors. However, there are a variety of factors that
counter this assumption. First, Lolo personnel indicated that this particular vehicle was not
running well prior to the field test. Second, according to staff at the outside repair facility, the
injector problem was probably a normal wear issue, given the mileage on the Topkick @).
Moreover, a review of maintenance records at the Missoula district showed eight other vehicles
with the same engine model. Of these, two had injector problems at around 95,000 miles, and
another had the engine replaced at 116,000 miles. Therefore, injector replacement was not
entirely unexpected, and is likely not due to the biodiesel.

4.2.2. Havre

In Havre, two of the three test vehicles ran through the duration of the field test without any
unusual difficulties. There were no unusual repairs needed on the 1985 Ford L9000. The 1996
Ford Tandem had a e filter replacement early in the field test. The filter was observed to
contain grit and debris typicaly observed in dirty filters. Because of biodiesel’s tendency to act
as a solvent and clean out fuel system deposits left by conventional diesel, Havre personnel
replaced the filters in the other two vehicles as a precaution at the same time.
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The Sterling vehicle, the newest of the three vehicles being tested, experienced problems after
this filter change. Investigation by maintenance staff concluded thet the problem was likely due
to the use of a 2-micron rating filter for the fuel/water separator. After two clogged filters (the
second one clogged about 17 miles after the first) and consultation by Havre staff with their filter
supplier, a 10-micron rating filter was installed. The first clogged filter was reported to contain a
black jelly-like substance. The second clogged filter was reported to contain a white, semi-
transparent, jelly-like substance. It was believed that it was a similar substance, with the black
coloration resulting from the used oil in the Sentinel system (5). Because of the need to keep
vehicles in use during inclement winter westher, maintenance staff made the decision to use
conventional diesel in the vehicle to get it back in service, which worked successfully. Staff
shortly switched the vehicle back to B20, and no further problems were experienced. Toward the
end of the field test, Havre personnel experimented by reinstalling the 2 micron filter in the
fuel/water separator, and no problems were observed.

It should be noted that while 2micron filters may be increasingly recommended by engine
manufacturers (see section 5.1), MDT personnel report that the specifications for this particular
engine recommend a 12-micron filter. Moreover, according to the maintenance supervisor, no
other vehicle — biodiesel or conventional diesel — at Havre has used a 2- micron filter.

After some investigation, it is not certain why the filter was clogging. As the Sterling was the
newest of the three vehicles, vehicle age was discounted as a factor. Fuel quality was discounted
as well, because the fuel supplier provided large volumes of fud to the vault, and al of the
vehicles were fueled ou of the same batch. Several other theories were considered:

z#Re-injection of lube oil. One theory is that the re-injection of the lube oil through the Sentinel
system may have created problems with the biodiesel. The higher water content in used oil,
plus the tendency for lube oil additives to polymerize upon contact with biodiesel, could
potentially lead to filter clogging. However, routine lube oil tests ordered by Havre personnel
showed that the water content was not unusually high. Moreover, the problem did not recur on
this vehicle, or on the two Sterlings tested in Lolo.

ee=Microbial growth According to maintenance staff from Havre, the fuel vaults had been sitting
mostly empty for several years and were not cleaned out prior to being re-installed and filled
with the B20. Over the course of several seasons with warm weather and condensation of
water, conditions would be favorable for microbial growth. Moreover, when the Sterling was
fueled just before the filter replacement, it was fueled with the last @ntents of the vault,
where it was expected that microbial concentrations (and other fuel residue) would be
strongest. However, as was indicated before, tests of the fuel pulled from the vaults showed
no microbia activity of note. Moreover, the fuel intake normally draws fuel from near the
bottom of the vault.

z&Cold weather. Havre personnel noticed fuel separation within the fuel vaults, within the fuel
tank of the Sterling, and aso when a sample was pulled from the vault. The separation
showed a white, cloudy substance separating from a clear substance, and rising to the top of
the fuel. The second filter clog on the Sterling appeared to be filled with the same white,
cloudy substance. Maintenance staff pulled a sample from the fud at that time, when the
outside air temperature was approximately -15° F, and found the fuel had separated. When
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manually mixed, the whitish substance would spread through the liquid in a marbling fashion,
before lowing re-separating. However, the separation was not reproducible. The maintenance
supervisor pulled a sample of the fuel and kept it in his office for the next few months, and no
separation in the fuel was observed.

It is believed that cold weather, in combination with an overspecified 2-micron filter, was
responsible for the unusual filter plugging that was observed. While cold wesather properties of
biodiesel are often cited as a concern, it should be noted that the base diesel used in the B20 was
a 50/50 blend of diesels No. 1 and No. 2, whereas the conventional diesel used throughout this
winter at Havre was generally 100 percent diesel No. 1. The cold weather properties of diesel
No. 1 are superior to those of a blend of diesels No. 1 and No. 2. Therefore, the filter plugging
may not have been observed, even with the 2-micron filter, had the base diesel been No. 1, as
was being used for the other vehicles.

4.3. Fue Economy

Fuel usage logs were used to determine the typical fuel economy for the vehicles using B20.
Table 4-3 shows the fuel economy results for the vehicles in the study. Since fuel economy data
is not routinely collected by staff at either location, there is limited data that can indicate
comparability of results. A fuel log for another Sterling in Havre showed an approximate fuel
economy of 6.48 miles per gallon, or about 1 percent better than the B20 vehicle. According to
the maintenance supervisor at Lolo, the fuel economy of the Sterlings was dlightly poorer with
biodiesel — adrop from 6.2 or 6.3 miles per gallon to about 6.1 miles per gallon (2 to 3 percent).
This change in fuel economy is well within limits that could be explained by factors other than
the use of B20, including differences in vehicle usage (6).

Table 4-3: Fuel Economy for B20 Vehicles

Fuel Economy
Site Vehicle (mpQ)
Lolo 09-0268 |2002 Dodge 1-ton 13.41
29-4130 ]1991 GMC Topkick 7.04
29-4297 12000 Sterling w/ Sentinel System 6.36
29-4397 12000 Sterling w/ Sentinel System 6.35
Havre 29-4041 1985 Ford L9000 442
29-4234 11996 Ford Tandem 7.43
29-4316 2000 Sterling w/ Sentinel System 6.40

4.4. Maintenance Personnel Surveys

WTI interviewed maintenance personnel at Lolo and Havre at the conclusion of the field test to
collect their observations regarding their experience with biodiesel during the test.
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441. Ldo

Lolo personnel said that they used the vehicles with biodiesel on similar operational activities as
when the vehicles ran on diesdl, including normal patrolling and plowing operations, and hauling
gravel in the spring months.

Regarding operational differences between biodiesel and conventional diesel, staff noted that the
Sterling has a distinct smell since the conversion, athough it still burns as cleanly as it had
previously. The GMC Topkick runs smoother, although that could be attributed to the new fuel
injectors. In general, there was no observed power loss. After the Topkick’s injectors were
replaced, a maintenance supervisor from Missoula test drove the vehicle up a significant grade
and reported that the power seemed weak, and suggested that this could be due to the biodiesel.
Other staff commented that the Topkick’s engine has been less powerful than other vehicles,
irrespective of the biodiesel. Personnel did not have to take any special precautions during cold
weather because of the use of biodiesel. In general, personnel did not assess any difference
between biodiesal and conventional diesel in vehicle operations.

Staff reported no maintenance differences between biodiesel and conventional diesel vehicles.
They noticed nothing unusual during PM1 activities, and no differences during visual inspections
of the vehicles. They mentioned the injector problems with the GMC Topkick, but believed that
those were due to normal wear.

Overdl, Lolo personnel said there were no big problems with using the fuel, and would have “no
grief” with using it in the future apart from price considerations.

4.4.2. Havre

Havre personnel said that they used the vehicles with biodiesel on similar operational activities
as when the vehicles ran on diesdl, including plowing, patrolling and hauling. Vehicles were
used by afew, not all, of the drivers at Havre.

Regarding operational differences between biodiesel and conventional diesel, Havre personnel
had generally positive reports. They noted that the biodiesel \ehicles run cleaner. The exhaust
from the B20 vehicles smelled different and seemed to be less irritating to the eyes. Staff were
particularly impressed with how the Ford L9000 seemed to smoke much less after B20, so much
so that they were hoping to use the biodiesel in another vehicle that is running poorly. Reports on
vehicle power were mixed. One person indicated that the B20 vehicles seemed to perform more
strongly, while another cited less power. Personnel were asked specifically about issues of power
loss on hills, and no degradation in performance was noted with biodiesel. On a couple of
occasions, personnel applied fuel additives because of concerns about cold weather. Personnel
indicated that these additives were used as a precautionary measure, not in response to vehicle
operationa problems, and that they would have used the additives in conventional diesel as well
during those times.

Regarding vehicle maintenance, there were a couple of maintenance issues that were also
discussed earlier. The Ford Tandem required a filter change when it started to run poorly, but the
filter had no unusua grit. There were aso the well-documented maintenance problems
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