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The Feasibility of Fueling the W.G. Jackson and D.J. Angus with Biodiesel

Executive Summary: The Annis Water Resources Institute (AWRI) at Grand Valley
State University operates two diesel powered research vessels on Lake Michigan and
connecting waters. The exhaust from these boats exposes the passengers and crew to a
variety of air pollutants and contributes to the degradation of water quality, as much of
the particulate matter, nitrogen oxides, and unburned fuel can be dissolved or suspended
in the exhaust cooling water. Literature research was completed to determine the
feasibility of operating the R/Vs W.G. Jackson and D.J Angus on biodiesel, a renewable
and EPA approved alternative diesel fuel. Conclusions reached from the research are: 1)
The D.J. Angus can complete the normal education, outreach, and research activities
without significant risk to the vessel’s engines or schedule when fueled with biodiesel, 2)
Operation of the W.G Jackson on biodiesel is not feasible at this time because of
operating cost and potential risk to the vessel engines and scheduled activities.

However, this report recommends that the W.G. Jackson should initially be fueled with a
blend of 20% biodiesel and 80 % petroleum based diesel fuel and that the D.J Angus
should begin using the same blend at a later date. This conservative approach is
recommended as there are unexpected results reported from a demonstration project
completed by the University of Missouri that involved the same engine model as the
Jackson’s main drive engines.

No mechanical damage to any engine took place in any of the demonstration projects or
research referenced or read by the author The AWRI goal should be to operate both
vessels on biodiesel following a period of familiarization with the fuel, determination of
the impact on vessel operation, and additional research performed on the W.G Jackson to
determine the actual cost and impact on the environment and vessel outreach activities.
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I. INTRODUCTION:

a. Background: When Rudolf Diesel first conceived the compression-ignition engine,
commonly called the diesel engine, coal dust was his fuel of choice. It wasn’t until
later that a by-product of gasoline production became the primary fuel for diesel
engines. However, diesel exhaust emissions from petroleum-based fuels make
significant contributions to environmental pollution and recently have been designated
a health risk by the Environmental Protection Agency (EPA) (5).

The most promising approach to reducing the harmful emissions from diesel engines is
a vegetable oil based fuel called biodiesel. Biodiesel, chemically described as a mono
alkyl ester, is recognized by the EPA as an alternative fuel. Biodiesel is biodegradable,
non-toxic, and has been the focus of research for over twelve years. Biodiesel is
available and being used by many municipalities and government fleets, not as an
object of research or in demonstration projects, but as a mature and environmentally
beneficial alternative fuel to petroleum diesel (petrodiesel).

The terms “biodiesel” and “B100” (100% biodiesel) are used interchangeably and mean
a pure, unblended fuel derived from a vegetable oil feedstock.

b. Project Goals: The research documented here has focused on the potential
operational, cost, and mission impacts of operating the Annis Water Resources
Institute’s (AWRI) research vessels, the D.J. Angus (Angus) and the W.G. Jackson
(Jackson), on commercially available biodiesel.

A secondary project objective was to quantify the current marine diesel fuel market in
west Michigan and form a preliminary assessment of the potential biodiesel market and
long-term availability for fueling the Angus and Jackson. The market study is attached
as an appendix to this report (Appendix 1X).

c. Project Summary: The underlying assumption in this report is that the over-the-road
(i.e. terrestrial) experience documented in the referenced research is applicable to the
marine application under consideration. As the over-the-road and marine applications
may have different duty cycles and environments, a careful consideration of the
differences was made to ensure that the referenced research can be used as an
indication of the impact of the use of biodiesel on the various engines used on the two
vessels. All the various engines on both of the AWRI vessels are rated as Medium,
Continuous Duty applications.

The conclusions reached from this research are:

e The duty cycles and environments of the referenced research were equal to or
more severe than the duty cycles and environments experienced by the AWRI
research vessels.

e There is an acceptably low risk to the Angus’s educational and outreach mission
in fueling with biodiesel.

Annis Water Resources Institute MR-2003-111
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e The risk to the mechanical integrity of the Angus’s main drive engine is no
greater than fueling with petrodiesel.

e The Angus’s power generator package diesel engine (genset) has a slightly higher
risk to the mechanical integrity as there are no supporting data found during the
research for the use of biodiesel in the specific engine model.

e Blends of biodiesel and petrodiesel are also acceptable for use in the Angus’s
engine and genset but at slightly higher levels of risk than the use of biodiesel.

e The risk to the Jackson’s educational and outreach mission is determined to be
unacceptable for the use of biodiesel due to lack of experience with the fuel in the
specific engine model.

e The Jackson’s educational and outreach mission can be completed with an
acceptable level of risk if a blend containing 20% biodiesel and 80% petrodiesel
(B20) is used as the fuel.

e The risk to the mechanical integrity of the Jackson’s main drive engines when
fueling with B20 is no greater than fueling with petrodiesel.

e The Jackson’s gensets may be fueled with B20 with a slightly higher risk to the
mechanical integrity as there are no supporting data found during the research for
the use of biodiesel in the specific engine model.

The recommendation to use of B20, initially in the Jackson, to gain experience with the
fuel, complies with the manufacturer’s recommendations and utilizes the redundancy of
main drive engines and gensets to minimize the risk of a mission problem associated
with the fuel.

The various blends of biodiesel and petrodiesel discussed in this report are identified by
a capital “B” followed by a number. B20 is a blend of 20% biodiesel and 80%
petrodiesel while B5 is 5% biodiesel and 95% petrodiesel and B100 is 100% biodiesel.

Il. THE MISSION:

AWRI’s two diesel-powered vessels are engaged in educational, outreach, and research
activities on Lake Michigan and connecting waters. These vessels have carried over
84,000 students (elementary, secondary, and university) and adults since 1986. These
cruises have tremendous educational value, as they introduce passengers to the main
issues facing Lake Michigan and provide a hands-on floating laboratory where students
of all ages can analyze the quality of the water and examine the different life forms in the
water and sediments.

Both the Angus and the Jackson are scheduled for twice-daily cruises during regular
school operating hours and for organizations, research, and outreach activities during the
summer months when schools are in recess. During May, the Jackson is often scheduled
for an additional cruise after normal school hours to accommaodate all the schools
wanting to take advantage of the educational opportunity.

Annis Water Resources Institute MR-2003-111
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Any operational problem related to the use of biodiesel or a blend causing either vessel to
cancel or curtail a scheduled cruise would be unacceptable.

I1l. RELATED LITERATURE:

Schumacher (38, 40, 42) and Peterson (35) reported results from an extensive 10 year
study of the operation of 12 Dodge pickup trucks with diesel engines fueled with
biodiesel, blends of biodiesel and petrodiesel, and petrodiesel. Periodic engine oil
analyses were made to determine the wear rate of the engines. Engine wear metals
reported for the biodiesel-fueled engines were no different than those reported for
petrodiesel-fueled engines. The Cummins 5.9L engine in 11 of these test vehicles is the
over-the-road version of the marine engine used in the Angus.

Schumacher (39, 41) reported on a 26-month test of 10 Detroit Diesel 692 diesel
engines mounted in urban buses. Five buses were fueled with B20 and five were fueled
with 100 % low sulfur petrodiesel. Engine maintenance, exhaust emissions, operational
performance, and fuel consumption were recorded. Periodic engine oil analyses were
made to determine the wear rate of the engines. The bus engines in this test are the over-
the-road equivalent of the engines powering the Jackson.

Graboski (21), Koo-Oshima (26), Womac (59), and the National Biodiesel Board (51),
investigated emissions from various small diesel engines fueled with biodiesel and
biodiesel blends. Emissions measured from engines fueled with biodiesel and blends
were significantly reduced from emissions from the same engines fueled with petrodiesel.
The oxides of nitrogen (NOx) measurements indicated an increased emission of NOx of
approximately 8 % for biodiesel over petrodiesel.

Peterson (34), Cytoculture (5), and von Wendel (58) reported on the impact of marine
diesel engines on aquatic environments. Womac (59) and Nine (33) tested marine diesel
engines in a laboratory simulation of a marine environment and reported on the impact of
the engine exhaust on the water quality. The impact to the environment was reported to
be less than the impact of petrodiesel with lower emissions, improved biodegradability,
and lower toxicity for biodiesel.

IV. MANUFACTURING AND AGRICULTURAL ISSUES:

d. Manufacturing biodiesel: A diesel engine can utilize any number of oils as a fuel,
petroleum or vegetable oil based. Many of the vegetable oils can fuel a diesel engine
without further processing including used fryer oil (after filtering out the pieces of
french fries, chicken, etc.). A diesel engine using one of these oils will perform poorly
and not meet emissions standards. However, the esters formed from vegetable oils
produce a clean burning fuel giving good performance while reducing harmful
emissions. The process by which a vegetable oil based diesel fuel is made is the
transesterification process. The process is well known with the by-products being

Annis Water Resources Institute MR-2003-111
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water, alcohol, and, glycerol (8, 53). Transesterification is widely used in the
oleochemical industry as the first step in the manufacture of soaps, detergents, and
cosmetics. Transesterification uses either ethanol or methanol in conjunction with a
catalyst to produce ethyl or methyl esters.

The biodiesel manufacturing capacity was estimated at approximately 12.5 million
gallons per year in 2000. The American Soybean Association (ASA) reported 12.5
million gallons of biodiesel produced in 2001 and estimated production of 17.5 million
gallons in 2002 (50). The growth in biodiesel production has been nearly linear since
1999 and is apparently limited by the capacity of available transesterification facilities
for biodiesel production. The majority of the transesterification capacity is in the
oleochemical industry where one manufacturer claims a 40 million gallon annual
capacity (32).

All by-products of the transesterification process are less detrimental to the
environment than the by-products of the distillation process for manufacturing
petroleum based diesel fuel (49). Excess glycerol has caused some problems in Europe
where glycerol from the manufacture of biodiesel has been incinerated because the
excess can not be absorbed by the soap and cosmetic market.

Dr. Harvey Nikkel, professor and chair of the GVSU Chemistry Department, has
suggested that the glycerol might be changed into ethanol through a biological process,
which then could be used in the transesterification process (Appendix VII). The
feasibility of this process requires research before it could be put into practice.

The use of glycerol as a fertilizer has been discussed to a limited degree but the
practicality of the use of glycerol or a derivative as a fertilizer has yet to be determined.

e. Agricultural Component: In 2002, Michigan grew approximately 78 million bushels
of soybeans on 2.0 million acres (31). The counties of Kent, Muskegon, and Ottawa,
together, grew approximately 2.0 million bushels of the total (31). Soy oil is a by-
product of the processing of the soy beans to obtain soy meal which is used for
livestock feed. The soy meal processors have been successful in building a secondary
market for the soy oil.

The largest producer of soy meal in Michigan, Zeeland Farm Services, is located in
Zeeland, Michigan. The location is convenient to the users of soy meal in Kent,
Ottawa, and Allegan Counties but in an area that is not a large grower of soybeans.
Kent, Ottawa, and Muskegon counties together grow fewer bushels of soy beans than
Ingham County, the seventeenth largest (county) grower of soybeans (31). Zeeland
Farm Services produces 12 to 15 million gallons of soy oil annually and in the summer
of 2003 will have the capacity to store 60,000 gallons of biodiesel for distribution in
western Michigan (anecdotal information from Keith Reinholt of the Michigan
Soybean Association).

Annis Water Resources Institute MR-2003-111
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The soy oil produced from the United States soybean crop has an established market for
(human) food. If all the soy oil was diverted to diesel fuel production, an estimated 2.6
billion gallons of biodiesel could be produced — only 6% of the total, domestic demand
(40 billion gallons annually). It has been estimated that 130 million gallons of biodiesel
(only 0.3% of annual demand) could be produced from available soy oil without
affecting the short term selling price of the oil and adversely affecting biodiesel sales
(32). The primary issue is whether food production would take a secondary position to
fuel production.

Other feedstocks, such as castor bean, may not compete with feedstocks used for food
and would produce more biodiesel per acre than soy beans (4). Used fryer oil recycled
into biodiesel would reduce the volume of used oil discarded into landfills and
processed by wastewater treatment systems. The volume of used oil going into our
land fills in the U.S. has been estimated to be 4 billion gallons (anecdotal information
from Cortland Overmyer, Director of Grand Rapids Environmental Services
Department). If accurate, this used oil would produce 3.4 billion gallons of biodiesel,
8.5% of our annual demand for diesel fuel.

Clearly biodiesel from soy oil alone is not the complete answer to reduction of our
dependency on foreign oil or improvements to the exhaust emissions from diesel
engines. But used as a blend agent in petroleum diesel and used in the unblended form
in some environments it could significantly reduce the adverse impact of diesel engines
on the environment (45).

V. REGULATORY ISSUES:

There are a number of regulatory considerations for new diesel engines, but engines
manufactured before January 1, 2000 are accepted as meeting the emission standards in
place at the time of manufacture. Only engines manufactured after January 1, 2000 or
engines that are modified from the standard configuration are affected by new EPA
regulation. When biodiesel fuel is used by a diesel engine, the manufacturer’s
certification for compliance to the International Marine Organization (IMO) NOx
standard may no longer be valid.

Once the question of NOx emission compliance is raised, the engine owner must either
supply sufficient data to the EPA to gain certification of compliance, interpret the
regulation to mean that since no engine modification was made the certificate is valid,
add an after-treatment to reduce the NOx emissions, or ignore the situation. There have
been demonstrations that measured reduced emissions of NOx from marine engines
where the exhaust gases and engine cooling water are mixed (33). The Total
Hydrocarbons (THC), Particulate Matter (PM), and NOx dissolved or suspended in the
exhaust water then may become a water quality issue.

This report is not intended to be exhaustive in regard to applicable regulations but is
concerned only with any potential cost or violation of emissions standards that would

Annis Water Resources Institute MR-2003-111
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result from the use of biodiesel or a blend. The applicable regulations are found in
Appendix I1.

V1. MECHANICAL ISSUES:

f.

Four-Cycle vs. Two-Cycle Engine operation: There are two mechanical cycles
utilized by the various diesel engines on the Angus and Jackson. All engines on the
Angus are four-cycle while the two, main drive engines on the Jackson are two-cycle.
The Jackson’s two gensets are driven by four-cycle engines. Typically, four-cycle
engines have cleaner emissions while two-cycle engines have higher power densities
(horsepower per pound) but have higher emissions and tend to carry raw fuel out with
the exhaust gases.

The primary consideration in regard to the Angus and Jackson is how the different
cycles impact the operation of the various engines.

The two mechanical cycles are detailed in Appendix IlI.

Engine aspiration: The various engines on the Angus and Jackson incorporate two
types of aspiration or approaches to introducing combustion air into the engines. The
main drive engines on both the Angus and Jackson are turbo-charged, while the three
gensets are all naturally aspirated. Turbo-charged engines have higher power densities
than naturally aspirated engines and the use of a turbo-charger is a consideration in
meeting emissions standards.

The primary types of aspiration are detailed in Appendix III.

Fuel Injection: All diesel engines on both vessels are fuel injected from engine
mounted injector pumps. Fuel injection and the point in the engine cycle at which the
fuel is injected into the combustion chamber can affect the engine combustion and
emissions. Retarded injection has been shown to reduce NOx emissions from engines
fueled with biodiesel and in some cases brought the engines into compliance with the
emissions regulations with a minor increase in fuel consumption.

Fuel injection can be used to reduce the amount of unburned fuel in the exhaust gases
of two-cycle engines by injecting fuel into the cylinders only after the exhaust valves
are closed, which cannot be done with naturally aspirated engines.

Engine Warranty Coverage: (See Appendix Il for engine specifications and other
detail.)

D.J. Angus: The Angus is powered by a Cummins 5.9 Liter engine and generates
electrical power for the vessel with a Westerbeke generator.

Annis Water Resources Institute MR-2003-111
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1. Cummins: The Angus main drive engine (MDE) was manufactured by
Cummins on January 28, 2002 and installed in the following months prior to
launching for the 2002 season. There was a twelve month warranty on this
engine, which expired prior to the 2003 season (See Appendix V).

2. Electrical Power Generator: The electrical power for the Angus is generated
by a Westerbeke diesel engine driving a generator and draws fuel from the
Angus’s twin fuel tanks. The Westerbeke generator on the Angus was installed
at the same time the MDE was installed but has a warranty that remains in effect
until 2007.

ii. W.G. Jackson: The Jackson is powered with twin Detroit Diesel engines and
utilizes two generators to provide electrical power for the vessel.

1. Detroit Diesel: Both main drive engines were manufactured in March of 1996
and have no warranty coverage remaining.

2. Small Electrical Power Generator: The electrical power generation on the
Jackson is provided by two self-contained generator packages (gensets). The
smaller genset is a Northern Lights model M843N. Warranty coverage on the
small genset has expired.

3. Large Electrical Power Generator: The larger of the Jackson’s gensets is
rated at 30kW and is manufactured by Northern Lights as model M30C.
Warranty coverage for the large genset has expired.

J- Engine Maintenance
i.  Angus Petrodiesel History:

1. Main Drive Engine: The Angus follows a standard practice for scheduled
engine maintenance. The oil filters are changed at each oil change, at 200 hour
intervals, and a sample of engine lubricating oil is sent to an outside laboratory
for oil analysis. This is a standard practice among operators and provides a
picture of engine health and can forecast some engine problems.  The Angus
has a history of low engine wear and few maintenance issues. This engine is
rated at medium continuous duty.

2. Electrical Power Generator: Lubricating oil and oil filter are changed at 100
hour intervals. No engine oil analysis for a test or demonstration project has
been found in the literature to allow a direct comparison to the Angus genset oil
analysis or to establish acceptable rate of wear. There have been no
performance or maintenance issues with the Angus genset. Generators are
generally rated as Medium, Continuous Duty applications.

i.  Angus — Biodiesel Expectations:

Annis Water Resources Institute MR-2003-111
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1. Main Drive Engine: Schumacher (38) included an evaluation of four different
Dodge trucks having the same model 5.9L Cummins engine but fueled with
B100, 100% biodiesel. Table 1 compares the average levels of engine wear
metals from the University of Missouri testing and the Angus for petrodiesel
and adds the data gathered for Dodge trucks fueled with B100. The table also
provides estimates of the ranges the wear metals resulting from fueling the
Angus with B100. The estimates are simple extrapolations of the means and
utilize the standard deviations to estimate the expected ranges of the engine
wear metals for the Angus if fueled with biodiesel. (see Appendix | for details
of calculation and Appendix 111 for further discussion of engine wear metals)

Table 1
Cummins BT5.9L Engine Oil Analysis -ppm
Iron | Copper Lead Aluminum | Silicon | Chromium
Angus B100* 4-27 1-12 0-4 0-2 3-27 0-2
Angus Petro 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58
U. Mo B100** 10.86 3.25 2.15 1.72 3.10 0.95
Standard Dev | 6.65 4.42 1.82 0.87 3.08 2.57
U. Mo Petro 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev | 5.34 1.05 2.57 1.77 0.95 0.90

*Projected values; not based on actual measurements — See Appendix | for calculations.
**The Univ. of Missouri trucks operating on petrodiesel and those on B100 are different trucks. Some
trucks operated in Idaho and others in Missouri; some in National Parks.

Silicon in the lubricating oil is a concern as this is a measure of the abrasive
material entrained in the combustion air during engine operation. None of the
wear metals measured in the Dodge truck oil samples (iron, lead, aluminum,
chromium) that would be affected by the ingestion of the silicon was reported as
excessive (38).

The predicted ranges of wear metals for the Angus are not excessive. If the
silicon remains in the range of the petrodiesel data, then the wear metals may
not be reduced as the University of Missouri data would lead us to believe but
would revert to values closer to the Angus petrodiesel data. In either case, the
values are acceptable.

2. Electrical Power Generator: No engine test or demonstration project has been
found in the literature for the Angus genset when fueled with petrodiesel or
biodiesel. No acceptable wear rate has been established for this particular
engine. However, the petrodiesel wear metals are comparable to those in the
Angus MDE and, based on similar duty cycle descriptions, similar changes in
wear metals should result. Table 2 provides estimates of the ranges the wear
metals resulting from fueling the genset with B100.

Annis Water Resources Institute MR-2003-111
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Table 2
Westerbeke 20.0BEDA Genset Engine Oil Analysis - ppm
Iron Copper | Lead | Aluminum | Silicon | Chromium
B100* 25-28 2-10 1-4 0-3 0-31 0-3
Petrodiesel 335 3.5 3.5 3.5 135 15
Standard Dev 0.71 212 0.71 0.71 9.19 0.71

*Projected values; not based on actual measurements — See Appendix | for calculations.

If the silicon remains in the range of the petrodiesel data, then the wear metals
may not be reduced as the University of Missouri data would lead us to believe
but then would revert to values closer to the Angus petrodiesel data. In either
case, the predicted ranges of wear metals are acceptable.

ii.  Angus - B20 Expectations: The Dodge truck testing at the University of Missouri
included evaluation of the operation of the Cummins engine on B20 (38, 42).

1. Main Drive Engine: Fueling the Angus on B20 is also a viable approach. The

Dodge truck testing included data from one B20 fueled truck (38).

Table 3 compares the University of Missouri data with the Angus experience
and predicts an oil analysis for the Angus fueled with B20. The underlying
assumption is that the duty cycles are similar.

The data from the Dodge truck testing for B20 are less compelling as they were
taken from a single truck fueled on B20 (from Rapeseed) but ran over 100,000
miles in Idaho.

Table 3
Cummins BT5.9L Engine B20 Oil Analysis - ppm
lron | Copper Lead | Aluminum | Silicon | Chromium
Angus B20* | 0-21 2-12 0-3 0-2 0-14 0-2
Angus Petro 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58
U. Mo B20" 6.23 4.07 1.53 1.67 2.43 0.73
Standard Dev | 2.26 6.16 0.63 0.84 1.14 0.45
U. Mo Petro 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev | 5.34 1.05 2.57 1.77 0.95 0.90

*Projected values; not based on actual measurements. See Appendix | for calculations.
*The Univ. of Missouri trucks operating on petrodiesel and those on B20 are different
trucks operating in different environments.

The ranges for wear metals estimated for Angus fueled with B20 are within
acceptable ranges.

Electrical Power Generator: No engine test or demonstration project was
found in the research for the Angus genset fueled with B20. Anecdotal
information on the operation of diesel engines on biodiesel and blends, in
general, indicates that that the risk of damage to the engine is negligible.

Annis Water Resources Institute
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However, there is still warranty coverage on this engine and the manufacturer
could deny coverage should a problem result from the use of B20.

Westerbeke diesel generators fueled with biodiesel are driving in the Channel

Islands National Park, CA but no documentation of the experience is available
(Anecdotal information from Kent Bullard of Channel Islands National Park).

Similar engines have been operated on B20 and biodiesel without mechanical

problems (33).

Over all, the risk to the vessel and mission if operated on B20 would seem
acceptable without further investigation.

iii.  Jackson Petrodiesel History:

1. Main Drive Engines: The Jackson follows a standard practice for scheduled
engine maintenance. The oil filters are changed at each oil change, at 200 hour
intervals, and a sample of engine lubricating oil is sent to an outside laboratory
for oil analysis. This is a standard practice among operators and provides a
picture of engine health and can forecast some engine problems. The engine
duty cycle rating for the Jackson application is Medium, Continuous Duty. The
Jackson has a history of low engine wear and few maintenance issues.

2. Small Electrical Power Generator: Regular oil analysis has not been
performed for the small Jackson genset. Reference data for a Lugger engine of
the same model has not been found in the research to allow a comparison or
establish an acceptable wear rate. Lubricating oil and filter are changed at 100
hour intervals. The small genset has a history of few maintenance issues.

3. Large Electrical Power Generator: No engine oil analysis for a test or
demonstration project has been found in the literature to allow a direct
comparison to the large Jackson genset oil analysis or establish acceptable rates
of wear. Lubricating oil and filter are changed at 100 hour intervals. The large
genset has a history of low engine wear and few maintenance issues.

iv. Jackson - Biodiesel Expectations:

1. Biodiesel: No precedent for the use of biodiesel in the Detroit Diesel engines
was found in the research.

v. Jackson — B20 Expectations:

1. Main Drive Engines: Schumacher (44) reported on urban transit buses
operating over a two year period in St. Louis, MO having the same model
engines as the W.G. Jackson using both low sulfur petrodiesel and B20. The
duty cycle rating for the bus diesel engine application is Intermediate, Severe
Duty — more severe and demanding than the Jackson engine application.

Annis Water Resources Institute MR-2003-111
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Table 4 lists engine wear metals from the Jackson oil analysis during the 2002
season and the data from St. Louis bus demonstration project. The table also
provides estimates of the ranges the wear metals that might result from fueling
the Jackson with B20. This prediction assumes that the changes in wear metals
that occurred in the St. Louis bus demonstration represents a worst case scenario
— wear metal measurements from the Jackson using B20 should be lower (See
Appendix 11 for further discussion of wear metals from the Jackson and St.
Louis bus test.).

The iron wear metal listed in Table 4 is the only wear metal with a high
probability of being statistically different (39). Detroit Diesel Corporation
(DDC) recommends that a single oil analysis metal content should be less than:
150ppm of Iron, 25ppm of Copper, and 10ppm of Lead for over the road
application. The St. Louis bus test data lists two metals exceeding the
recommended limits raising a concern regarding the engine condition. DDC
recommendations for marine limits are different only in the iron content, which
is limited to 250ppm (28). The Jackson means and every single data point is
within the recommended limit (See Appendices I, 111 & VII).

Table 4
Detroit Diesel 6V92TA Engine Oil Analysis - ppm
Iron Copper | Lead | Aluminum | Silicon | Chromium

Jackson B20* | 13-19 2-5 3-8 1-3 2-9 0-1
Jackson Petro 12.2 2.5 5.0 15 6.1 0.6

Standard Dev 3.16 1.27 231 0.53 3.98 0.52
U. of Mo B20** | 115.8 42,5 13.2 0.8 17.4" 3.3

Standard Dev 57.75 157.24 104.59 1.98 NA 1.87
U Mo Petro** 89.7 27.8 11.6 0.5 19.0° 2.7

Standard Dev 57.72 157.24 104.59 1.98 NA 1.87

*Projected values; not based on actual measurements — see Appendix | for calculations.

**The Univ. of Missouri buses operating on petrodiesel and those on B20 were different buses on
different routes introducing a set of uncontrolled variables into the data.
# Silicon data is from the same test but from a different reference (7) and a shorter test period.

The silicon in the Jackson lubricating oil analyses is low compared to that
measured in the bus demonstration and is not considered an issue. Based on
duty cycle descriptions, using the bus data to estimate the worst case changes to
the Jackson wear metals should be conservative - i.e. actual changes should be
less than those estimated based on the bus data. The ranges of wear metals
estimated for the Jackson are not excessive and are predicted to remain below
the Detroit Diesel Corporation (DDC) recommended limits for the scenario

considered.

If the silicon in the Jackson oil remains in the range of the petrodiesel data when
B20 is used, then the other wear metals may not vary in the same manner as it
does in the buses. The expectation derived from biodiesel research is that the
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introduction of biodiesel (either B100 or in a blend) increases the lubricity of
the fuel and reduces engine wear, increasing life. The University of Missouri
data are contrary to this premise and other research regarding the lubricity
effects of biodiesel (40, 58).

There are other concerns with the bus testing in St. Louis. The fuel was not
mixed properly for the first 18 months of the testing and the blend was
estimated to vary from B89 to B7 for this period — the actual blend at the engine
is unknown. The final 8 months of the test had improved controls on the blend
but data for the two periods were merged for the final report (39).

There were increased cooling system failures in the B20 fueled group. No root
cause for the failures was identified but, in general, increased combustion
temperature has been identified as a possible problem with biodiesel. However,
B20 should not be an issue in increased engine cooling system load. Also,
marine engine cooling systems have excess capacity in that the heat sink for the
waste heat is nearly infinite — the water surrounding the boat. Only the design
of the engine heat exchanger would limit the heat transferred to the raw water.
The fixed air flow and limited heat transfer area of the bus radiator would mean
that increased heat load would raise the average temperature of the circulated
cooling fluid and engine operating temperature.

The wear levels experienced by the St. Louis buses exceeded the DDC
recommendations and may indicate an engine problem as the root cause for the
increased wear metals in the oil (see Appendix I11). All the bus engines were
rebuilt prior to the start of the St. Louis test but had between 12,000 and 59,000
miles on the rebuilt engines at the start of the test.

The B20 fueled buses maintained their scheduled routes with no more fuel
related maintenance issues than the petrodiesel fueled buses. However, a better
understanding of the effects of fueling the Jackson’s engines with the B20 blend
must be gained and well understood before committing to the use of B100.

2. Small Electrical Power Generator: Regular oil analysis has not been
performed for the small Jackson genset nor have reference data for a Lugger
engine of the same model been found in the research. Also, no data were found
in the research for the specific engine model operation with biodiesel or blends.

3. Large Electrical Power Generator: No engine oil analysis for a test or
demonstration project has been found in the literature to allow a direct
comparison to the large Jackson genset oil analysis or establish acceptable rates
of wear for the engine when fueled with biodiesel or blends.

Table 5 lists engine wear metals for the Jackson large genset and estimates the
wear metals for the large genset if fueled with B20.
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Table 5
Northern Lights M30C Genset Engine Oil Analysis - ppm
Iron | Copper Lead | Aluminum | Silicon | Chromium

B20* 1-5 4-7 0-5 0-3 3-9 0-0
Petrodiesel 6.5 2.5 1.5 2.5 7.0 0.0
Standard Dev’ | 0.71 0.71 2.12 0.71 1.41 0.00
U. Mo B100** | 10.86 3.25 2.15 1.72 3.10 0.95
Standard Dev** | 6.65 4.42 1.82 0.87 3.08 2.57
U. Mo Petro** | 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev** | 5.34 1.05 2.57 1.77 0.95 0.90

*Projected values; not based on actual measurements. See Appendix I for calculations
** Data repeated from Table 3
*Based on samples from two oil changes.

The estimates of the wear metals in an oil analysis sample for this engine are not
excessive but are the most speculative of any of the engines of concern. The
estimates are based on the changes that occurred in the Dodge truck testing for a
truck fueled with B20 (38, 42). The underlying assumption is that four-cycle
engines with similar duty cycles should react to the fuel in the same manner.

VIl. EMISSIONS:

k. Angus: Emissions from the Angus will include gaseous and exhaust gas cooling water
discharge.

i. Gaseous:

1. Main Drive Engine: Table 6 data are taken from a 1991 Cummins 5.9L diesel

engine similar to the Angus’s main drive engine (42). These data are for
operation on B100 and petrodiesel. Note that the data for carbon monoxide
(CO) are a volumetric percentage while the oxides of nitrogen (NOXx) and total
hydrocarbons (THC) components are parts per million (ppm). No data are
available for particulate matter (PM) from the test.

Table 6
Cummins 5.9L Exhaust Emissions*
CO % NOx ppm | THC ppm PM
B100 .013 768.6 54 ND
Petrodiesel .025 639.7 6.6 ND

*Engine not equipped with an aftercooler, No standard deviation data available.

The data in Table 6 represent the changes that are expected in emissions when
changing to biodiesel. There were some issues with the Dodge truck data,

however, as the results were not duplicated in a measurement a year later. The
report attributed the lack of repetition to an equipment problem (42).
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The same data taken from a 1992 Cummins 5.9L diesel engine with an
aftercooler have significantly different results. For example, the NOx
measurement for B100 is larger than for petrodiesel in two consecutive years, as
expected, but CO also increased, by as much as 25%, contrary to expectations
(42). The reason for the aftercooler influence on the exhaust emissions is not
addressed in the literature.

The emissions at the exhaust manifolds of the Angus and the trucks should be
similar but the measured emissions from the Angus will be different from those
in Table 5 due to the catalytic converters in the trucks, unique characteristics of
the marine exhaust system, contributions from the genset, and actual duty cycle.
Down stream of the water injection point the cool exhaust gases will be altered
further because a portion of the PM, NOx, THC, and CO components can be
suspended or dissolved in the cooling water (33). Tests have shown that the
suspended and dissolved components vary by engine and installation.

The final products of combustion measured in the exhaust gases and discharge
water quality will have to be determined by test on the Angus.

Although not controlled by the EPA as an emission, sulfur oxides, present in the
petrodiesel exhaust which contributes to acid rain, would be eliminated by using
biodiesel. Sulfur oxides are controlled indirectly by EPA fuel quality standards
which control sulfur content in the fuel.

2. Electrical Power Generator: No emissions data were found for the
Westerbeke engine in the literature during the research. The engine is certified
to comply with the IMO standards when fueled with petrodiesel.

3. Cummins Emissions - B20: There were no gaseous or water emissions data
found in the research for the Cummins engine operating on B20. However, the
gaseous emissions are expected to be reduced from the petrodiesel emissions in
linear proportion to the blend ratio (33).

Table 7 estimates the gaseous emission from the Angus main drive engine using
B20 fuel. The estimate is for dry exhaust, upstream from the point where the
gases are mixed with cooling water. Downstream from the water mixing point
the gaseous exhaust will have a different composition with NOx being nearer
the petrodiesel level.

Table 7
Cummins 5.9L B20 Exhaust Emissions
CO % NOX ppm | THC ppm PM
B20" .023 665.5 6.4 ND
B100 .013 768.6 5.4 ND
Petrodiesel .025 639.7 6.6 ND

*Estimated mean values proportional to biodiesel content in the fuel (33); not based on actual
measurements, no standard deviation data available.
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4. Electrical Power Generator: Gaseous emissions from the Westerbeke engine
will be reduced in proportion to the blend ratio as in Angus main drive engine.

ii.  Water: No exhaust discharge water quality data are available for the Angus main
drive engine. Marine exhaust system installation normally falls outside the engine
manufacturer’s responsibility, as it is part of the vessel rather than the engine. The
impact on the discharge water will vary from the influences of the installation. Data
from some tests have shown that higher NOx emissions from biodiesel can be
washed out of the exhaust gases by the exhaust cooling water along with PM, CO,
and THC and become dissolved or suspended in the cooling water (33). Unburned
fuel in the exhaust and cooling water is also expected and is part of the THC
component.

Water borne engine exhaust contaminants have been researched to a Iimiter@ent
and some data are available for lethal doses (LDsp) and lethal concentrationstCsp),
but no research was found for exhaust components suspended or dissolved in
normal exhaust cooling water (58, 59, 60).

No information or data regarding the exhaust cooling water quality for the Angus’s
genset was found in the research.

I. Jackson: Emissions from the Jackson will include gaseous and exhaust gas cooling
water discharge.

i. Gaseous:

1. Main Drive Engine: Table 8 data are taken from a laboratory test of a Detroit
Diesel 692 diesel engine similar to the Jackson’s main drive engines (44).
These data are for operation on a B20 blend only. No data were gathered for
operation on B100.

The data indicate that exhaust emissions are reduced in relation to the biodiesel
content in the blend as expected. The data also illustrate that the NOXx in the
exhaust can be affected by the timing of the injection of the fuel, which can be
easily handled through the Electronic Control Module (ECM) should that
become necessary. Higher blend ratios (higher biodiesel content in the fuel)
will cause the NOX to increase while reducing the other measured emissions.

Table 8
Detroit Diesel 6V92 St. Louis Bus Exhaust Emissions* —g/bhp-Hr
CO NOx THC PM
B20” 1.32 4.46 0.56 0.18
B20? 1.50 4.25 0.38 0.22
Petrodiesel* 1.67 4.40 0.42 0.28

#B20 blended with #1 petrodiesel
@ B20 blended with #2 diesel and a retarded fuel injection point of 3 deg.
*No standard deviation data are available. The bus engine installation included a catalytic converter
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The emissions at the exhaust manifolds of the Jackson and the buses should be
similar but the measured emissions from the Jackson will be different from
those in the above table due to the catalytic converter in the bus installation,
unique characteristics of the marine exhaust system in the Jackson,
contributions from the gensets, and actual duty cycle. Down stream of the
water injection point the cool exhaust gases will be altered further because a
portion of the PM, NOx, and CO components can be suspended or dissolved in
the cooling water (33). Tests have shown that the suspended and dissolved
components vary by engine and installation.

The final products of combustion measured in the exhaust gases and discharge
water quality will have to be determined by test on the Jackson.

Although not an EPA controlled emission, it is expected that the sulfur oxides
(SOx), which contribute to acid rain, will be reduced by 20% by using the B20
blend.

2. Electrical Power Generators: No emissions data were found in the literature
during the research for either the Lugger or Toyota engines driving the power
generators.

m. Water: No exhaust discharge water quality data were found as a result of the
research for the Jackson main drive or genset engines. The exhaust system
installation normally falls outside the engine manufacturer’s responsibility, as it is
part of the vessel rather than the engine. The impact on the discharge water will
vary from the influences of the installation.

Waterborne engine exhaust contaminants have been researched to the extent that
some data are available for lethal doses (LDsp) and lethal concentrations (LCso), but
no research has been found regarding exhaust component concentrations in normal
exhaust cooling water (58, 59, 60).

n. Health: The EPA has announced that long term exposure to petrodiesel exhaust
emissions can cause lung cancer (5). Biodiesel is the only alternative fuel which
has completed Clean Air Act Health Effects Testing (26, 51). Biodiesel does not
threaten human life and B100 reduces cancer-causing compounds in diesel exhaust
by 90 % as compared to petrodiesel.

Blends of petrodiesel and biodiesel are not as effective at reducing carcinogenic
compounds as B100 but will reduce them approximately in the biodiesel/petrodiesel
ratio. A B20 blend will have 82 % (approximately) of the carcinogens of 100%
petrodiesel exhaust (9).

As diesel engines tend to be long lived, engines currently in service could remain in
service for 20 years or more. Engines built after 2000 will discharge fewer
carcinogens, greenhouse gases, and will pollute less by regulation. Engines built
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before 2000 will continue to generate harmful material that could only be affected
by the fuel used or by extensive modification at high cost. Biodiesel would
effectively reduce the emissions of harmful pollutants of older engines. From a
health point of view, more biodiesel content and use is better for all people exposed
to diesel exhaust fumes.

0. Spills: Spills of biodiesel or blends are less detrimental to the environment than are
petrodiesel spills. Biodiesel and blends are both more biodegradable than
petrodiesel (33, 60). However, spills are still a serious matter and need to be
approached as if they were petrodiesel spills, as that is how they are treated from a
legal point of view (58).

Incidental spills of biodiesel on painted surfaces, if not wiped up, will eventually lift
the paint from the surface.

p. Spontaneous Combustion: Biodiesel-soaked rags will support spontaneous
combustion if not handled properly.

VIIl. OPERATIONAL ISSUES:

g. Logistics: The logistics of fueling the Angus and Jackson will be a pivotal issue.
Currently there is limited regional availability of biodiesel or B20. Crystal Flash in
Grand Rapids, Ml, is currently selling B20 to the Zeeland, MI public schools. No
mechanical (engine) alterations were made to the approximately 50 vehicles using B20
— 12 of these vehicles have the same model engine as the Angus. The Zeeland School
system converted one storage tank and pump to dispense B20. The buses (and other
vehicles) fueled at this pump as required. The Zeeland public school system used
approximately 50,000 gallons of B20 prior to March 31, 2003 and through the winter of
2002-2003 no cold weather problems were reported.

The favored approach to fueling is to have it delivered to the Angus at the Grand Haven
Coast Guard Station and to the Jackson at the Lake Michigan Center, as is the current
practice for petrodiesel. This approach minimizes cost and the expenditure of time by
the crews to fuel the boats.

There are six optional approaches to fueling considered in this report:

1) NOAA, at the Great Lakes Environmental Research Laboratory field station,
is considering having a B100 tank and fuel pump at their Muskegon field
station for their use and would allow AWRI to fuel there as well. AWRI
vessels would have to travel to the NOAA (Muskegon) field station to take on
fuel. (Assumes that NOAA is the only or optimal source.)

2) NOAA is also considering establishing a local, independent B100 supplier to
deliver fuel to their dock in a tank truck when required by the Shenehon. This
would require AWRI vessels to travel to the NOAA field station to add fuel
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when fuel was required by the Shenehon. (Assumes that NOAA is the only or
optimal source.)

3) AWRI could develop a new B100 source for dockside delivery at our
convenience. (Currently, the Jackson takes on fuel at dockside in Muskegon
while the Angus motors to the Grand Haven Coast Guard Station to take on
fuel from a tank truck at dockside.)

4) AWRI could develop a new B100 source and install a storage tank in the
AWRI field station for fuel delivery at regularly scheduled times. The Angus
would have to travel to Muskegon to take on fuel.

5) It is possible to make B100 from the used fryer oil from the Grand Valley
State University’s food services and store it in the AWRI field station in
Muskegon until needed, requiring a storage tank. The Angus would have to
motor to the AWRI field station to take on fuel.

6) Develop a B20 source for dockside delivery per our current practice.

Fueling during a normal cruise was not considered because it was assumed to impact
the effectiveness of the educational experience. (See Tables 9 and 12 for times to fuel)

r.  Fuel Consumption

i.  Angus: During 2002 the Angus used 1144 gallons of petrodiesel. Biodiesel fuel
consumption has tended to be higher than when using petrodiesel. Data from the
Dodge truck testing indicate that fuel consumption for the Angus could increase by
5% - 7% when fueled with B100 to approximately 1201 gallons per year (42).

Also, the Angus fuel consumption of B20 could be expected to be on the order of
1% to 2% greater or 1155 gallons per year based on 2002 usage (42).

The change in fuel consumption with B20 is approximately one fifth the increase in
fuel consumption with B100 (using 1% for B20 and 5% for B100), or
approximately proportional to the change in biodiesel content of the fuel.

ii.  Jackson: The Jackson consumed 4627 gallons of petrodiesel in 2002. Mileage
from the bus testing in St. Louis was reported to be 3.87 miles per gallon of low
sulfur diesel. The same model buses experienced a 5.6% increase in fuel
consumption (3.65 mpg) when fueled with B20 (41). Although the data are not
directly applicable to the Jackson, they do give an indication of the potential change
in fuel consumption. In the worst case scenario, the Jackson could experience a 5%
to 6% increase in fuel consumption when fueled with B20 (4627 + 4627 x 0.056) or
approximately 4886 gallons based on 2002 usage. This increase is high in light of
Dodge truck data and is contrary to experience of other researchers when fueling
with B20 (39).

Using the Dodge truck data to estimate the increase in fuel consumption for the
Jackson (the change in fuel consumption from BO to B20 is approximately one fifth
the change in fuel consumption from B0 to B100) yields an estimate of 28% (5.6%
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x 5) and increased fuel consumption for the Jackson engines of 5922 (4627 + 4627
x 0.056 x 5) gallons per year.

Either an engine problem, indicated by the wear metals exceeding the Detroit Diesel
Corporation recommended limits, or the bus duty cycle could be the root cause for
the high fuel consumption during the St. Louis demonstration. In either case, it is
expected that the Jackson will experience a smaller increase in fuel consumption
than estimated.

s. Engine Performance:

i.  Angus: At 1700 RPM the Dodge trucks without aftercoolers developed an
additional 2 horsepower when fueled with B100. Trucks with aftercoolers lost
approximately 7 horsepower when fueled with B100. The change in output of
+2%/-5% should carry over to the Angus (42). In general, low RPM horsepower is
expected to increase while high RPM horsepower will decrease when using
biodiesel.

ii.  Jackson: No data are available from the St. Louis bus test for engine performance
change when fueled with biodiesel. Based on the energy content of the fuel, a 3%
decrease in horsepower should be expected, but the impact of the two-cycle engine
is unknown (58). Engine power decreased by approximately 9% in laboratory
testing of the 692 engine (44).

t. Cold Weather/storage

i.  NOAA Experience: Cold weather operation was accommodated by the R/V
Shenehon in 2002 in the same way as it is with petrodiesel, i.e. blending. B100 is
acceptable for the warmer weather months of April thru October but B50 was used
for operation from November through March.

ii.  Angus/Jackson: The Angus and Jackson are not used during the cold months,
November to April, but are laid up. Storage of the higher blend ratios or B100
biodiesel can result in the fuel breaking down and in adverse interactions with
copper or copper alloys (brass & bronze) during the storage period. Lower blend
ratios (less than B20) result in better storage experiences.

Any copper piping or copper alloys in contact with high blends or B100 causes
black sludge to form that will plug fuel filters when the engines are first started in
the spring. (Anecdotal information from Steve Westbrook of the Southwest
Research Institute and Dr. Alvin Womac of the University of Tennessee)

u. Operational Fuel Blend: If the vessels are stored with petrodiesel or a low blend in
the fuel tanks, and B20 is the desired operating fuel, the ratio of biodiesel to petrodiesel
of the fuel in the vessel fuel tank will vary as fuel is added. The issue will be the
effectiveness of mixing the fuel in the tank and the fuel added. The mixing will not
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affect the operation of the engines but will be of concern at the end of the season just
before lay-up. Petrodiesel could be added in place of B20 the last time the fuel tank is
filled at the end of the season to reach a lower blend in the tank if desired.

v. Mixing: There are mixing issues that have been ignored in the foregoing discussions.
Incomplete mixing will not harm the engines but would be concern only in the fall prior
to lay-up or in the Jackson main drive engines where operation on biodiesel is
considered a higher risk. However, this situation arose early in the St. Louis test
without any consequences to the mechanical integrity to the test buses or abnormal
route delays (39).

If not properly mixed, the biodiesel and petrodiesel can stratify. There are concerns
with component temperature differences when mixing is assumed to take place due to
vehicle motion. “Splash blending” is the practice of partially filling a tanker with one
component and then topping off with the second. Mixing is assumed to take place
during transport to the user. This is often the approach for winter blending of
petrodiesel. A knowledgeable supplier will deliver well mixed fuel.

w. Appendix VIII contains National Renewable Energy Laboratory guidelines for handling
and use of biodiesel.
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hour - $150.11 less instructor cost).

IX. COST: Table 9
X. Angus 2002 Op_erating Cost: Angus A””‘;j‘t'm?ifsi,rgg'sg‘,ﬁf osts —2002
Table 9 summarizes th_e Operating Hours 560
Angus baseline operating cost [ Eyuel Filters Used:
for the 2002 season. Main Drive Engine 8
Power Generator 6
Petrodiesel was dispensed Fuel Filter Cost Each
from a tanker into the Angus Main Drive Engine $9.37 $74.96
at the Coast Guard Station in Power Generator $9.37 $56.22
Grand Haven approximately Total Oil Used
one nautical mile from the Main Drive Engine 60
Municipal Marina where the Power Generator 20
Angus is normally docked. Qil Cost
This required that both the Main Drive Engine $1.77 $106.20
captain and a deck hand be Power Generator $1.77 $36.11
aboard for fueling. Qil Filters Used
Main Drive Engine 4
The table breaks out those Power Generator 3
items that may be affected by | Oil Filter Cost Each
the use of biodiesel or a blend Main Drive Engine $7.36 $29.44
(below the subtotal line). Power Generator $35.77 $109.11
Normal Main't Labor
Fuel cost alone is 1.3% of the Main Engine $193.00
total cost of operation of the Power Generator $158.40
Angus. Labor rate $13.00
Other Main't Cost $425.00
Angus - Operating Cost for Major Main't expense $2,676.60
L S Total Labor (crew) $49,449.75
Biodiesel Options: Instructor expense $22,394.57
Differences from the baseline . P —
for any of the options from Misc. Expense $4,113.77
Section VI111.a are assumed to Sub Total $61,902.30
result only from fuel cost Total Fuel used 1144 $1,101.70
differences and any cost Fuel Cost per Gallon $0.963
associated with fueling. Man-hours to fuel (6x/yr) 6 $396.42
Distance to Fuel (6x/yr) 2 nm*
. . Travel — Hours (6x/yr) 1 $660.71
E)Z(?Zt?cztzgguzzsissﬂgéq:se Op Cost less Instructors | $110.12/hr
requiring a captain and deck - Total Cost | $84,061.13
hand on the boat to fuel at a _ Operating Cost/Hr | $150.11
remote location ($110.12 per ~ L=Nautical Miles - nm

Table 10 summarizes the changes to the annual cost components that would be affected
by utilizing biodiesel or B20 for the six options considered. The data do not consider
any modification to the current configuration of the vessel.
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Fuel prices are from quotes on January 23, 2003 and will change with time. However,
the changes in the values for “Increase in operating cost per season” due to a change in
the “Fuel Cost per Gallon” value will only be the change in fuel cost per gallon times
the fuel used. A ten cent per gallon change in fuel cost will impact Table 10 results by

approximately 0.1 %.
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Table 10

Angus - Biodiesel Options Steady State Operation

Option 1 B100 Option 2 B100 Option 3 B100 Option 4 B100 Option 5 B100 Option 6 B20
Operating 560 560 560 560 560 560
Hours
Total Fuel used 1201 Extended 1201 Extended 1201 Extended 1201 Extended 1201 Extended 1155 Extended
g‘;e“'onc‘m PErl $180 | $2,61.80 | $1.80 | $2,161.80 | $1.90 | $2,281.90 | $1.90 | $2,281.90 | $1.00 | $1,201.00 | $1.25 $1,441.75
Man-hours to
fuel (v 6 $396.42 6 $396.42 6 $396.42 6 $396.42 6 $396.42 6 $396.42
Distance to Fuel 12nm 12nm 2nm 20nm 2nm 2nm
Dock
Travel time -
Hours (6xfyn) 4 $2.642.88 4 $2.642.88 1 $660.71 6 $3,964.32 1 $660.71 1 $660.71
Boat cost per
hour less | $110.12 $110.12 $110.12 $110.12 $110.12 $110.12
Instructors Exp.
Option subtotal $5,201.10 $5,201.10 $3,339.03 $4,880.72 $2,258.13 $2.498.88
Eigfd'ese' sub $81,902.30 $81,902.30 $81,902.30 $81,902.30 $81,902.30 $81,902.30
gg’st;o” Total $87,103.40 $87,103.40 $85,241.33 $88,544.94 $84,160.43 $84,401.18
Operating $155.54 $155.54 $152.22 $158.11 $150.28 $150.72
Cost/Hr
Percent Change
from Baseline 3.6% 3.6% 1.4% 5.3% 0.12% 0.4%
($150.11/Hr)
Increase in
ratin
operating $3,040.80 $3,040.80 $1,182.60 $4,480.00 $95.20 $341.60
cost per
season
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z. Angus Biodiesel Options - Discussion: The lowest cost option, involving the least
risk to equipment and mission is Option 6. None of the options is a clear leader in that
fueling logistics continue to be a concern. Under current conditions, the Angus fuels
from a tanker at the Grand Haven Coast Guard station. The new (or existing) supplier
will have to be willing to transport a small quantity of fuel, approximately 200 gallons
six times per season, from Grand Rapids, Grand Haven, or Holland.

Options one and two differ only in when fueling could take place. Option two requires
the Angus to fuel when the Shenehon requires fuel and is unlikely to be practical.

The cost analysis above does not consider any capital investment to support the
procurement of a storage tank or pumping equipment. Options four and five also carry
the overhead of liability and spill containment that lie outside the current scope of the
facility (See paragraph 1X.i).

aa. Angus Initial Season Cost: Operational costs for steady state operation are detailed in
Tables 9 and 10. Additional start—up costs would be required during the first season
The Angus will require some abnormal maintenance costs as fuel filters and oil filters
will need to be changed more frequently. Table 11 estimates additional, first year,
operating costs.

Table 11
Angus start-up Costs
2003 dollars
Qty Unit Cost Extended
Fuel Filters Used:
Main Drive Engine 3 $9.37 $28.11
Generator 3 $9.37 $28.11
Total Oil Used
Main Drive Engine 12 $1.77 $21.24
Power Generator 4 $1.77 $7.08
Oil Filters Used
Main Drive Engine 1 $7.36 $7.36
Generator 1 $35.37 $35.37
Labor
Main Engine 5 $31.00 $155.00
Power Generator 3 $31.00 $93.00
Oil Analyses (2 additional) 2 $25.00 $50.00
Total Cost $425.27
Annis Water Resources Institute MR-2003-111
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bb. Jackson 2002 Operating

Cost: Table 12 summarizes
the petrodiesel baseline
operating cost for the Jackson

Table 12

Jackson Annual Operating Costs — 2002

Petrodiesel Baseline

Grand Valley State University
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Operating Hours 543
for 2002. Fuel Filters Used:
Main Drive Engine 12
Petrodiesel was delivered to Lg. Generator 6
the Jackson at dockside and Sm. Generator 2
required only that a person be Fuel Filter Cost Each
present to sign for the fuel Main Drive Engine $18.35 $220.20
delivery. Lg. Generator $8.50 $51.00
Sm. Generator $8.50 $17.00
Fuel cost alone is 3.7% of the ] Total Oil Used
total cost of operation of the Main Drive Engine 144
Jackson. Lg. Generator 60
Sm. Generator 12
The table breaks out those QOil Cost
items that may be affected by Main Drive Engine $1.76 $253.44
the use of biodiesel or a blend Lg. Generator $1.77 $106.20
(below the subtotal line). Sm. Generator $1.77 $21.24
Qil Filters Used
cc. Jackson - Operating Cost Main Drive Engine 6
for Biodiesel Options: Lg. Generator 6
Differences from the baseline _Sm. Generator 2
for any of the options from Qil Filter Cost Each
Section VIll.a are assumed to Main Drive Engine $19.93 $119.58
result only from cost Lg. Generator $5.01 $30.06
differences and any cost Sm. Geqer,ator $5.49 $10.98
associated with fueling other Norl\r;:a_l I\/IIEam_t Labor $143.29
than at dockside. Each option Po?/:/re]r gg:;iator $125'71
has unique logistics issues L abor rate 31162 534 ;32
such as having to travel to a Other Main't. Cost : $330' 00
remote location necessitating a Major Main’f. expense $6.44é.00
full crew on the boat for the I Tr5ta1 Labor(crew) $74,164.44
duration of_the fueling Instructor expense $30,201.27
process. Distance traveled Misc. Expense $7 915.40
and travel time is assumed to Sub Total $126,210.68
be round trip. Total Fuel used 4627 $4,664.13
Fuel Cost per Gallon $1.004
The Jackson has a much Labor to fuel (9x/yr) 15 $249.75
higher fuel component in the Distance to Fuel (9x/yr) 0 0
biodiesel operating cost Travel — Hours (9x/yr) 0 0
because of the assumption of a [ abor rate $18.50 0
linear extrapolation of fuel Total Cost | $125.124.56
consumption from the St. -
Louis bus testing (which may Operating Cost/Hr | $230.43
not be valid).
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In this analysis, no storage facility capital investment, liability, or operating cost for any
tank or manufacturing facility has been included or considered for any option (See
paragraph IX.i).

Table 13 summarizes the changes to the annual cost components that would be affected
by utilizing biodiesel or B20. The data do not consider any modification to the current
configuration of the vessel.

Fuel prices are from quotes on January 23, 2003 and will change with time. However,
the changes in the values for “Increase in operating cost per season” due to a change in
the “Fuel Cost per Gallon” value will only be the change in fuel cost per gallon times
the fuel used. A ten cent per gallon change in fuel cost will impact Table 13 results by
approximately 0.5 %.
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Table 13

Jackson - Biodiesel Options Steady State Operation

Option 1 B100 Option 2 B100 Option 3 B100 Option 4 B100 Option 5 B100 Option 6 B20
Operating 543 543 543 543 543 543
Hours
Total Fuel used 5922 Extended 5922 Extended 5922 Extended 5922 Extended 5922 Extended 4886 Extended
E‘;‘il'onCOSt PEr 1l $180 | $10,650.96 | $1.80 | $10,659.96 | $1.90 | $11,251.80 | $1.90 | $11.251.18 | $1.00 | $5922.00 | $1.25 $6,107.50
Man-hours to
fuel (Oxyn) 15 $2,359.94 15 $2,359.94 15 $249.75 15 $249.75 15 $249.75 15 $249.75
Distance to Fuel
Dock (9x/yr) 4.3 nm 4.3 nm 0 0 0 0
Travel time -
Hours (9x/yr) 2 $3,146.58 2 $3,146.58 0 0 0 0 0 0 0 0
Boat cost per
hour less | $174.81 $174.81 $18.50* $18.50 $18.50 $18.50

Instructors Exp.
Option subtotal $16,225.52 $16,225.52 $11,564.25 $11,564.25 $6,204.75 $6,357.25
tpoegl"d'ese' sub $120,210.68 $120,210.68 $120,210.68 $120,210.68 $120,210.68 $120,210.68
Total Cost $136,337.16 $136,337.16 $131,711.61 $131,711.61 $126,382.43 $126,567.93
Operatin

perating $251.15 $251.15 $242.56 $242.56 $232.74 $233.09
Cost/Hr
Percent Change
from Baseline 9.0% 9.0% 5.3% 5.3% 1.0% 1.2%
($230.43/Hr)
Increase in
operating $11,250.96 $11,250.96 $6,586.59 $6,586.59 $1,254.33 $1,444.38
cost per
season

* Only a single attendant ($18.50/hr) is required for fueling at the Lake Michigan Center - not a crew and travel ($174.81)
Annis Water Resources Institute MR-2003-111
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dd. Jackson Biodiesel Options - Discussion: The lowest cost and risk scenario is
Option 6. However, all the above options have operational concerns and cost issues
that would seem to limit their viability. Adding nine percent to the annual operating
cost and operating the Jackson on 100% biodiesel knowing the experience with the
Detroit Diesel engine in the St. Louis testing seems adventurous at best and affects
Options one through five.

Options one and two add travel time for a crewed boat to get fuel. Options three
and six require AWRI to develop a new and/or independent (from NOAA) source
for biodiesel or B20. Options four and five require additional capital outlays to
store and dispense fuel from the AWRI Field Station building. Options four and
five also carry the overhead of liability and containment that lie outside the current
scope of the facility.

ee. Jackson Initial Season Cost: First year operation of the Jackson will require some
abnormal maintenance costs as fuel filters and oil filters will need to be changed
more frequently. Table 14 estimates additional, first year, operating costs.

Table 14
Jackson start-up Costs
2003 dollars
Qty Unit Cost Extended
Fuel Filters Used:
Main Drive Engine 6 $18.35 $110.10
Lg. Generator 3 $8.50 $25.50
Sm. Generator 3 $8.50 $25.50
Total Oil Used
Main Drive Engine 24 $1.77 $42.48
Lg. Generator 4 $1.77 $7.08
Sm. Generator 4 $1.77 $7.08
Qil Filters Used
Main Drive Engine 1 $19.93 $19.93
Lg. Generator 1 $5.01 $5.01
Sm. Generator 1 $5.49 $5.49
Normal Main’t. Labor
Main Engine 10 $11.64 $116.40
Lg Generator 3 $11.64 $34.92
Sm Generator 3 $11.64 $34.92
Oil Analyses (2 Additional) $50.00
Total Cost $484.41

ff. Capital Costs for Fuel Storage and Pump: Fueling options 4 and 5 would require

AWRI to invest in some fuel storage and dispensing equipment. In addition, further
research into the required spill containment, safety requirements, and licensing

would have to be completed. However, once these issues were understood and met,
fuel could be stored in the AWRI Field Station during the months when the Jackson

Annis Water Resources Institute | MR-2003-111
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operated — April thru October. Storage and dispensing equipment would cost
approximately:
3 - 275 gallon totes @ $100.00 ea.  $300.00
1 — Pump/hose $800.00
$1,100.00

Storage of 825 gallons of diesel fuel should not require a formal Michigan Pollution
Incident and Prevention Plan (PIPP) as the requirement pertains to 660 or more
gallons stored in a single container or 1320 gallons or more stored at a single site.
There are pallet mounted storage totes with integral spill containment barriers that
should be considered but will add cost. A formal plan for reacting to a spill is not
required but should be considered as it is good practice.

X. FOLLOW-ON ACTIVITIES:

There are a number of activities that could be undertaken to both encourage the use
of alternative fuels, like biodiesel or blends, and to improve the environment. There
has been a great deal of research completed on the effects of the use of biodiesel on
diesel engines and their emissions, however, education of potential users and
creating a base of support (a market) among users is required.

e Legislation to mandate the use of alternative fuels would help preserve
Michigan’s water resources and to support continued tourism in the
State should be encouraged. For example:

o Legislation similar to that enacted by Minnesota requiring a
minimum B2 blend for all diesel fuel sold in Michigan would be
a first step.

o0 Legislation to mandate that B20 be sold for marine applications
in all Michigan waters. This would reduce the impact of diesel
engines on the air and water quality for recreation boaters.

e AWRI should continue to research the application of biodiesel or B20
to their two vessels and research the use of the by-products and
transesterification process.

o Monitor discharged water quality to research the impact of low
concentrations of exhaust components and long term effect on
aquatic plant and animal life.

o Continue to educate the potential users on the benefits of
biodiesel. The current grant funded by the Michigan Biomass
Energy Program Grant should be considered only a first step.

o Investigate the possibility of producing ethanol from glycerol.

o Investigate the possibility of using glycerol for a fertilizer.

o Investigate the use of glycerol to accelerate the
transesterification reaction by burning it to raise the temperature
of the reaction vessel.

Annis Water Resources Institute I MR-2003-111
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XI. CONCLUSIONS:

The conservative approach assumed in this report is that the over-the-road data are
indicative of the types of changes that take place and can give indications as to the
order of magnitude of changes in the marine application. The over-the-road data
were used to bracket potential oil analysis wear metals under the assumption that
the duty cycles are equivalent or more severe than duty cycles of the AWRI
research vessels. The duty cycles assumed, Medium, Continuous Duty, for the
various engines on the two vessels fall under the 1SO 3046 duty cycle definitions
(See Appendix I11).

The duty cycle description for the St. Louis transit buses, Intermediate, Severe, is
anecdotal information from Van Eck Diesel Service, Inc. The duty cycle
assessment, Medium, Continuous Duty, for the gensets and over-the-road Dodge
truck application is anecdotal information from Cummins Michigan Power.

The total experience base of the use of biodiesel or B20 indicates that there are no
risks to the mechanical integrity of well maintained diesel engines in the use of
either fuel (7, 13, 15, 33, 34, 37, 59).

gg. Fuel of Choice: In general, the preponderance of data and previous research
indicates that the use of biodiesel in the Angus is without significant risk to the
vessel or mission.

There was no supporting data found in the research for the use of biodiesel in the
Jackson’s main drive engines. Sufficient data was found to support the use of B20
with low risk to the vessel and mission.

However, operating the two vessels on different fuels will likely place an additional
cost burden on the Angus due to the required delivery of a small quantity of
biodiesel to the Coast Guard Station in Grand Haven and being the only AWRI use
of the fuel.

B20 has been proven feasible in both main drive engine models utilized by the two
research vessels. Therefore, B20 should be used by both vessels until further
research into the impact of higher blends (>B20) or biodiesel on the operation of the
Jackson can be completed.

hh. Redundancy: A fuel related problem with either the Angus’s single main drive
engine or single genset could result in cancellation or curtailing a scheduled cruise.
The Jackson has two main engines and would require two simultaneous fuel related
problems, one associated with each main drive engine or one associated with each

Annis Water Resources Institute 11 MR-2003-111
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genset to cause a cancellation or curtailing a scheduled cruise. The Angus could not
tolerate a single fuel related problem without cancellation or curtailing a scheduled
cruise. This consideration favors the Jackson for initial use of B20.

ii. Non-ASTM Fuel: Operation of the Angus or the Jackson on biodiesel or a blend
using biodiesel not meeting the ASTM standard, as might be the case in Option 5 in
Section VIll.a, would be a high risk but may be manageable if the total glycerol,
alcohol, and water content of the end product are controlled to acceptable levels —
i.e. create an AWRI specification for biodiesel. Determining the acceptable levels
of glycerin and water could only be determined by test in one or both of the vessels
and/or a land based engine. The GVSU Combustion Engineering Laboratory has a
Cummins diesel engine (different model than the Angus), which could be used to
determine the impact of glycerol, alcohol, and water levels in biodiesel fuel and
might form the basis for a student project.

XIl. RECOMMENDATIONS:

This research determined that the risk to the AWRI’s educational and outreach
mission in fueling the Jackson with B20 or the Angus with biodiesel or B20 is low.
The risk to the main drive engines is also low. The genset is considered to have
slightly higher risk because there is little supporting data for the use of biodiesel in
the specific engine models.

Fueling the Angus with B20 would have a slightly higher risk than fueling with
biodiesel as the supporting data are based on less total experience with the fuel. The
use of biodiesel could easily follow any change in fuel used by the Coast Guard
assuming a mutually satisfactory agreement could be reached.

The Detroit Diesel 692 engine testing in St. Louis, MO had unexpected results that
indicate that the approach in fueling the Jackson with B20 should be to gain
experience with the fuel, establish a good understanding of the interaction with the
engines, ensure no untoward incidents occur, and then consider the use of biodiesel
for the future. A plan to examine the economics of fueling the Jackson with biodiesel
should be established once B20 has been used successfully.

Recommendations for increased monitoring of maintenance items the first season are
found in Appendix V.

jj- D.J. Angus: The Angus should not initiate the use of biodiesel or a blend but
should follow the Jackson by a few months or a season.

i.  Lack of Redundancy: The Angus has a single main drive engine and a
single genset. Any fuel related problem with either engine would be cause for
cancellation or curtailing a cruise.

Annis Water Resources Institute AV MR-2003-111
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X1,

Logistics: The logistics of getting biodiesel or a blend to the Angus may be
prohibitive if a new supplier is required.

Experience: Because AWRI operates two vessels, it is the conservative
approach to initiate the fuel change on the vessel with the lower risk and gain
experience with the fuel. This approach may uncover issues that have not
been realized in this research or in the assumptions on the applicability of
over-the-road testing to marine use.

kk. W.G. Jackson: The Jackson should take the lead in the conversion of the fleet to
biodiesel. The Jackson should be fueled with B20 initially.

Redundancy: The Jackson has two main drive engines and two gensets. A
fuel related problem would have to impact two engines before a cruise would
have to be cancelled or curtailed. Redundancy creates a fault tolerant
situation, i.e. a plugged fuel filter on one engine would initiate preventative
action against a second occurrence.

Engine Manufacturer Endorsement: Detroit Diesel currently endorses the
use of B20 in their engines.

Logistics: The logistics of getting fuel to the Jackson are less troublesome
than to the Angus. A supplier of B20 fuel should be found (or the current
supplier willing to deliver B20 to our dock). The quantity of fuel is higher
than for the Angus, making the delivery to our dock more attractive to a
supplier. Once the supplier is in place, AWRI would be in a better bargaining
position to arrange for fuel delivery to the Angus. Possible suppliers are Merl
Boes and Crystal Flash.
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. EPA:

The controlling legislation is the Environmental Protection Act of 1992 and the
Environmental Protection Act Amendments of 1997. This legislation has not
applied to off-road or marine diesel emissions except Section 203 clarifies the
definition of off road vehicles to include marine engines and provides for studies
of the impact of alternative fuels in off road vehicles at 6 and 10 years after the
Act is enacted (2003 and 2007) (51).

The EPA emission standards for new marine engines built after January 2006 will
regulate engine emissions of particulate matter (PM), total hydrocarbons (THC),
carbon monoxide (CO), and oxides of nitrogen (NOx) for marine diesel engines
over 50 Hp.(47) The primary regulation on marine emissions has been oxides of
nitrogen and sulfur oxide through IMO (MARPOL 73/78 Annex VI) standards
which will be superceded by new legislation.(50)

Both the Angus and Jackson main drive engines are exempted from compliance to
the new EPA regulation and will remain regulated by the older IMO standards
because of the manufacture date.

The power generator engines on both the Angus and Jackson fall beneath the Hp
threshold (50 Hp) required by the new regulation and are also grandfathered into
compliance to the older IMO standard

Emissions of carbon dioxide (CO2) have not been a focus of the EPA as an
engine emission but do contribute to global warming. CO2 has not been regulated
but greenhouse gas emissions are a concern.

Il. Coast Guard:

The Coast Guard has had little input to the regulation of diesel engine emission
but has included MARPOL 73/78 language as a pass though communication
rather than real regulation. The MARPOL Annex VI, “Prevention of Air
Pollution from Ships”, is the current standard that is driving the development of
reduced diesel emissions. Annex VI is not currently accepted by the participating
countries but carries retroactive requirements for engines produced after 2000
once ratified by 15 states which constitute 50 % of the world fleet (50).

I11. Pending Legislation.

a. Federal. In March of 2002 the United States Senate unanimously passed an energy
bill that would lift a restriction on the government’s use of biodiesel. The
restriction had been placed on biodiesel fuel use by the Energy Policy Act of 1992
(EPAct) wherein alternative fuel vehicles (AFV) were mandated to constitute 10 %
of state, federal and public utility fleets. Since biodiesel works in all diesel engines
with few or no modifications AFV credits were created to account for biodiesel use

Annis Water Resources Institute 6/28/2004
Grand Valley State University 20f3



APPENDIX Il — Regulatory Issues

in existing vehicles by a 1998 amendment to the EPAct. For every 450 gallons of
biodiesel fuel consumed one AFV credit was earned but affected fleets were limited
to using biodiesel for 50 % of their credits. The new Senate bill would eliminate
that restriction and could result in a doubling of the demand for biodiesel in some
affected fleets.

b. State. Michigan Senate Bill SB1357 was considered in 2003 but died in the
Committee on Transportation and Tourism. This bill would have required every
gallon of diesel fuel sold in the state over-the-road, off-road, and marine diesel fuel
to have 2% biodiesel content beginning January 1, 2004. This mirrors a state law
enacted in Minnesota in 2002 which takes effect in January 2005.

Michigan Senate Bill SB1362 also died in the Committee on Transportation and
Tourism. This bill would have exempted diesel fuel that is a blend of (at least) 20%
biodiesel and 80% petrodiesel from motor fuel taxes imposed by 2000 PA 403.

Michigan House Bill HB6149 was also been referred to the Committee on
Transportation and Tourism where it died. This bill would have required a study on
the feasibility of the state purchasing and using alternate fuel vehicles.

The two Senate bills would have provided incentives for the use of biodiesel and
encourage establishment of the infrastructure necessary to reduce the cost of
biodiesel.

The House bill may have been redundant in that the use of alternate fuel vehicles
has already been mandated by the Energy Policy Act Amendments of 1997 albeit an
unfunded mandate. Biodiesel or a biodiesel blend could be used in state owned
diesel vehicles now simply by buying the biodiesel (or blend) and pumping it from
existing state owned storage tanks and alternate fuel vehicle credits could be earned.

Annis Water Resources Institute 6/28/2004
Grand Valley State University 30f3



APPENDIX I1l — Mechanical Issues

APPENDIX 111

MECHANICAL CONSIDERATIONS:

Annis Water Resources Institute 6/21/2004
Grand Valley State University 10of13



APPENDIX I1l — Mechanical Issues

I. MECHANICAL ISSUES:

a. Four-Cycle vs. Two-Cycle Engine operation:

The operation of internal combustion engines, including compression ignition
(diesel) engines are described as either two-cycle and four-cycle engines.

Four-Cycle: Four-cycle engines are most common and are found in all
production automotive applications. The-four cycle engine has four distinct
steps for each cylinder (piston) in each 720 degree (two revolutions) rotation of
the engine:

1) Intake Stroke (0 to 180 degrees of engine rotation) — piston moves down
from top dead center to bottom dead center while drawing in a mixed charge
of fuel and air through the open intake valves. In engines with fuel
injection, the combustion air only is drawn in during this stroke.

2) Compression Stroke (180 to 360 degrees of engine rotation) — piston moves
up from bottom dead center to top dead center with intake and exhaust
valves closed, compressing the fuel/air mixture. In engines with fuel
injection, the fuel forced in as the piston nears top dead center. In
compression ignition engines the pressure/temperature increase caused by
the compression causes the mixture to ignite.

3) Power stroke (360 to 540 degrees of engine rotation) — piston moves down
from top dead center to bottom dead center from expansion of ignited
fuel/air mixture causing a rotation of the crankshaft and output shaft of the
engine.

4) Exhaust stroke (540 to 720 degrees of engine rotation) — piston moves up
from bottom dead center to top dead center exhausting the burn gases out of
the cylinder through the open exhaust valves.

The cycle then repeats for as long as fuel and air are introduced into the engine.

Two-Cycle: Two-cycle engines are found primarily in lower power
applications like motor cycles, lawn mowers, model airplane engines and in
some older larger engines. The two cycle applications are becoming fewer as
there are inherent emission disadvantages from the mixing of the intake fuel/air
mixture and exhaust gases. The advantage to the two cycle engine is the engine
delivers twice as many power strokes per engine rotation as does the four cycle
engine. The two cycle engine has the following operational steps per engine
revolution (360 degrees):

1) Power/Exhaust stroke (0 to 180 degrees of engine rotation) — piston moves
down from top dead center to bottom dead center causing a rotation of the
crankshaft and output shaft of the engine. The cylinder exhaust valves are
opened prior to the bottom dead center point to allow the burned gases to
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flow out through the exhaust valves. Near the end of this stroke, the piston
uncovers an opening in the side wall of the cylinder through which the new
air/fuel charge enters the cylinder.

2) Intake/Compression stroke (180 to 360 degrees of rotation) — after sufficient
upward movement, the piston closes the cylinder side wall opening and has
exhausted most of the burned gases, the exhaust valve are closed. The
piston continues to travel upward compressing the air/fuel mixture (causing
ignition in compression ignition engines).

The cycle then repeats for as long as fuel and air are introduced into the engine.

The exhaust gases and the fuel air mixture are mixed during the
intake/compression portion of the cycle and a significant amount of unburned
fuel can be exhausted with the products of combustion. The two cycle gasoline
engines used in motorcycle and many other applications are being replaced by
four cycle engines simply to reduce the unburned hydrocarbons released during
operation and meet the clean air environmental requirements of current and
future legislation.

b. Engine aspiration: Internal combustion engines require both fuel and air to
function. There are three main approaches to introducing combustion air into an
internal combustion engine: supercharging, turbo-charging, or natural aspiration.
Fuel injection is generally used for diesel engines wherein fuel is injected directly
into the cylinder. Fuel injection allows the initiation of combustion to be timed by
selecting the point in the compression stroke when the fuel is injected into the
cylinder. Timing has been shown to affect the performance and emissions of
engines and is used to assist in meeting emissions standards

i.  Supercharged: Supercharged engines have an air pump that forces combustion
air into the cylinder. This high pressure air improves engine performance over
air introduced at atmospheric pressure (natural aspiration). Supercharges are
driven from the engine output shaft with a mechanical connection and
commonly belt driven. Supercharged engines have superior performance to
naturally aspirated engines but utilize shaft horsepower to operate the air pump
decreasing the engine output.

ii.  Turbo-charged: Turbocharged engines are similar to supercharged engines
except that the combustion air is pumped into the cylinders by a pump that is
driven by a turbine in the engine exhaust system similar to the way a jet engine
compressor is driven. Turbocharged engines have superior performance to both
naturally aspirated engines and supercharged engines as the energy to drive the
combustion air pump comes from waste energy in the exhaust stream. The use
of the exhaust energy to drive the air pump is still a parasitic influence on
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engine performance as exhaust back pressure is increased which affects the
ability to force air and fuel into the cylinders.

iii.  Natural Aspiration: Naturally aspirated engines are engines that breathe from
the natural action of the engine, i.e. when the piston of a four cycle engine
moves from top dead center to bottom dead center the pressure within the
cylinder decreases drawing air into the cylinder. Naturally aspirated engines do
not require fuel injection but can use this natural air flow to draw fuel into the
air flow as in a carburetor using the Bernouli principal. Fuel injection is still
used in many engines that are naturally aspirated to allow timing of the
combustion within the engine which can affect emissions.

c. Engine Warranty Coverage:
i. D.J.Angus:

1. Main Drive Engine: The Angus Main Drive Engine (MDE) is a Cummins
model 6BT5.9 M180. This is a 5.9 liter displacement, turbo-charged, six
cylinder, four-cycle, compression-ignition engine, rated at 180 HP at 2500
RPM. This engine has been fueled with premium diesel since it was
installed in the Angus.

The warranty position of Cummins on the use of biodiesel or blends in their
products is a consideration for AWRI only to the extent that it provides
some information on manufacturer’s experience with the fuel. Cummins
states that it is the user’s responsibility to obtain any local, regional, or
national exemptions necessary to fuel any Cummins emission regulated
engine with biodiesel or blends. They state that oxides of nitrogen
emissions (NOx) from their engines will increase by 2% with B20 fuel (61).

2. Electrical Power Generator: The generator is a self-contained package
(genset) Westerbeke model 20.0BEDA. This package includes a
Westerbeke four cylinder, four-cycle, naturally aspirated, compression-
ignition engine. The genset package is rated at 20 kW at 1800 RPM (60
hertz).

The Westerbeke position on the use of biodiesel is not well communicated.
Their website customer assistance contact would provide only a section of
the Westerbeke Engines & Generators Manual that describes the fuel system
and general operational requirements. No mention of the use of biodiesel is
contained in the material (See Appendix V).

A formal request for a position on the use of biodiesel in Westerbeke Diesel
engines of the specific model used on the Angus was made to the sales and
marketing department of the Westerbeke corporate headquarters on
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December 3, 2002. The Westerbeke response is typical of diesel engine
manufacturer’s position (See Appendix V).

“The Westerbeke Corporation does not approve, nor does it
disapprove, of the use of biodiesel as a fuel in its diesel engines.
However, if a failure occurs as a result of the use of biodiesel,
warranty will be denied.”

ii. W.G. Jackson

1. Detroit Diesel: Twin Detroit Diesel Engines drive the Jackson. Both the
port side main drive engine (PMDE) and the starboard main drive engine
(SMDE) are Model 692, turbo charged, two-cycle, eight cylinder,
compression-ignition engines, rated at 325 HP at 1800 RPM. Detroit Diesel
Corporation recommends that the use of biodiesel be limited to B20 blend.
No comments are made on emissions or need to obtain exemptions for
emissions regulated engines (28) (See Appendix 1V).

2. Small Electrical Power Generator: The small genset is rated at 12kW and
is powered by a Lugger model 843 diesel engine. This engine is a three
cylinder, four-cycle, naturally aspirated, compression-ignition engine.
Lugger is a brand name of Alaska Diesel Electric, Inc. as is Northern Lights.
Warranty coverage on the small genset has expired.

Alaska Diesel Electric, Inc. utilizes several different brands of diesel
engines on their gensets and is not limited to those of concern in operation
of the Angus or the Jackson. Their position on the use of biodiesel is the
most restrictive of any of the manufacturers whose engines are used on their
gensets. When a request was made for their position on the use of biodiesel
in the Lugger engine, Alaska Diesel Electric, Inc. provided the statement
from John Deere (24) dated December 3, 2001 with the (verbal) comment
that a maximum of a B5 blend was the position of John Deere and hence
Alaska Diesel Electric, Inc. (See Appendix 1V).

The John Deere position statement is not clear. While stating that “John
Deere has approved the use of soy-based Biodiesel in all of its diesel-
powered products”, their guidelines state that “While rapeseed methyl ester
concentrations of up to 100% have been run successfully, concentrations of
up to 5% Biodiesel have shown improvement in fuel lubricity while
minimizing the potential problems associated with fuel degradation” (24) —
a statement concerned with fuel quality.

Alaska Diesel Electric, Inc. has elected to take the conservative approach of
the use of the B5 blend as a maximum, which does not appear to be the
intention of John Deere. The real issue may be the statement that “Users of
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John Deere Emission Certified Engines are responsible for obtaining any
appropriate local, state, and national certifications for the use of Biodiesel
(24). Diesel engines fueled with B100 do not meet marine standards for
NOx emissions and may be the basis for the statements of approval of the
use of B5 as well as a fuel quality concern.

3. Large Electrical Power Generator: The model M30C is powered by a
Toyota diesel engine model 1Z. The engine is a four cylinder, four-cycle,
naturally aspirated, compression-ignition engine.

The previous comments regarding the position of Northern Lights on the use
of biodiesel also apply to the large genset.

Toyota does not have a position on the use of biodiesel in their engines that
they are willing to share. The engine is produced for sale primarily in Japan
and Europe. A number of attempts were made to find some statement or
position but Toyota America was unwilling to provide any statement other
than the verbal statement that the engine is not produced for use in North
America and no written position will be made available.

Anecdotal information supporting the use of B100 in the engine has come
indirectly from a Toyota Technical Representative through the Grand
Rapids Dealership, Kool Toyota. Although not a rigorous endorsement, the
fact that the statement was made at all lends some (minor) degree of
credibility.

d. Engine Maintenance:
i.  Angus Petrodiesel History:

1. Main Drive Engine: The Angus oil analysis focuses on those engine
materials indicate potential engine components that will wear over time.

The wear metals of primary concern are:

1. Iron. Iron in the lubricating oil can reflect cylinder wall/liner, valve,
and/or gear wear.

2. Copper. Copper in the lubricating oil can reflect wear in bearings,
bushings, and degradation to oil coolers if the engine is equipped with
one.

3. Lead. Lead is indicative of journal bearing wear as found in the
crankshaft and piston rod bearings.

4. Aluminum. Aluminum wear particles in the lubricating oil indicate
wear to pistons.
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5. Silicon. Silicon particles in the lubricating oil would indicate wear
material that has been carried into the engine through the combustion
air filters.

6. Chromium. Chromium is primarily used in the manufacture of piston
rings and is a measure of the rate of wear of the rings.

Schumacher (38) reported on testing of eleven Dodge trucks having the
same model engine as the D.J. Angus in a ten-year test using petrodiesel,
biodiesel, and blends. Table 1 compares the average (mean) levels of
engine wear metals from the University of Missouri testing of three trucks
and the average levels reported for the Angus oil analysis during the 2002
season for operation on petrodiesel.

The Dodge trucks were of various model years, and not uniformly equipped.
The trucks were fueled with standard number 2 over-the-road fuel while the
Angus was fueled with premium diesel fuel.

Table 1
Cummins BT5.9L Engine Oil Analysis - Parts per Million (ppm)
Iron | Copper | Lead Aluminum | Silicon Chromium
Angus Petro* 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58
U. of Mo Petro | 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev | 5.34 1.05 2.57 1.77 0.95 0.90

* Based on samples from three oil changes - see Appendix I for calculations

The means of the data gathered from the Angus oil samples are comparable
to the means of the data from the University of Missouri Dodge truck testing
with the exception of silicon. Consideration of the standard deviations of
the means support this conclusion.

The high silicon in the lubricating oil is a concern as this is a measure of the
abrasive material entrained in the combustion air during engine operation.
None of the wear metals (iron, lead, aluminum, chromium) that would be
affected by the ingestion of the silicon was reported as excessive (38). The
Angus is moored in an area prone to dust and dirt, which supports the belief
that the silicon is an environmental factor.

Cummins rates the truck application as Medium, Continuous duty — the
same as the Angus duty cycle (Anecdotal information from Ed Hyslop of
Cummins Michigan Power).

Cummins, Inc has no recommendations for engine wear contaminant levels
in lubricating oil (See Appendix 1V).
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2. Electrical Power Generator: No engine oil analysis for a test or
demonstration project has been found in the literature to allow a direct
comparison to the Angus genset oil analysis or to establish acceptable rate
of wear. Lubricating oil and filters are changed at 100 hour intervals. Table

2 reports the mean of the engine-wear metals for the 2002 season.

Table 2
Westerbeke 20.0BEDA Engine Oil Analysis - ppm
Iron | Copper | Lead Aluminum | Silicon Chromium
Petrodiesel* 33.5 3.5 3.5 3.5 135 15
Standard Dev | 0.71 212 0.71 0.71 9.19 0.71

* Based on samples from two oil changes. See Appendix | for calculations.

The wear metals are of the same order of magnitude as in the main drive
engine, which would lead one to believe that the engine wear would be
acceptable. Also, there have been no performance or maintenance issues
with the Angus genset. Generators are generally rated as Medium,
Continuous Duty applications. (Anecdotal information from Ed Hyslop of
Cummins Michigan Power)

It is interesting to compare the genset silicon ingestion to the Angus MDE
silicon ingestion and note that the only filtration of combustion air on this
genset is a simple, coarse screen intended to limit ingestion of rags or

similar debris.

The genset and the Angus MDE may benefit from improved air filtration.

The lack of any real air filtration on the genset resulting in levels similar to
the Angus main drive engine with a standard combustion air filter calls into
question the effectiveness of the MDE air filter.

ii.  Angus - Biodiesel Expectations:

1. Main Drive Engine: Schumacher (38) included an evaluation of four
different Dodge trucks having the same 5.9L Cummins engine but fueled
with B100, 100% biodiesel. Table 3 (This is the same table that appears in
the main body of this report as Table 1) compares the average levels of
engine wear metals from the University of Missouri testing and the Angus
for petrodiesel and adds the data gathered for Dodge trucks fueled with
B100. The table also provides estimates of the ranges the wear metals that
might result from fueling the Angus with B100.

The expectation is that the wear levels experienced by the Angus MDE
would fall into the ranges specified in the italicized line of the table.
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Table 3
Cummins BT5.9L Engine Oil Analysis -ppm
Iron | Copper | Lead | Aluminum | Silicon | Chromium
Angus B100* | 4-27 1-12 0-4 0-2 3-27 0-2
Angus Petro 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58
U. Mo B100** | 10.86 3.25 2.15 1.72 3.10 0.95
Standard Dev | 6.65 4.42 1.82 0.87 3.08 2.57
U. Mo Petro 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev | 5.34 1.05 2.57 1.77 0.95 0.90

*Projected values; not based on actual measurements — See Appendix | for calculations.
**The Univ. of Missouri trucks operating on petrodiesel and those on B100 are different trucks.
Some trucks operated in Idaho and others in Missouri; some in National Parks.

2. Electrical Power Generator: No engine test or demonstration project has
been found in the literature for the Angus genset when fueled with
petrodiesel or biodiesel. No acceptable wear rate has been established for
this particular engine. However, the petrodiesel wear metals are comparable
to those in the Angus MDE and, based on similar duty cycle descriptions,
similar changes in wear metals should result. Table 4 provides estimates of
the ranges the wear metals that might result from fueling the genset with

B100.
Table 4
Westerbeke 20.0BEDA Genset Engine Oil Analysis - ppm
Iron Copper | Lead | Aluminum | Silicon | Chromium
B100* 25-28 2-10 1-4 0-3 0-31 0-3
Petrodiesel 335 3.5 3.5 3.5 13.5 15
Standard Dev 0.71 2.12 0.71 0.71 9.19 0.71

*Projected values; not based on actual measurements — See Appendix | for calculations.

The expectation is that the wear levels experienced by the Angus genset
would fall into the ranges specified in the table.

The predicted ranges of wear metals for the Angus genset are not excessive.

iii.  D.J. Angus Operation - B20: The Dodge truck testing at the University of
Missouri included evaluation of the operation of the Cummins engine on B20.

1. Main Drive Engine: There is significant over the road experience at the
University of Missouri — Columbia (38, 42), supporting the operation of the
Angus MDE on B100. However, operating on B20 is also a viable
approach. The Dodge truck testing included data from one B20 fueled truck
(38). Table 5 compares the University of Missouri data with the Angus
experience and predicts an oil analysis for the Angus fueled with B20. The
underlying assumption is that the duty cycles are similar.
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The data from the Dodge truck testing for B20 is less compelling as it was
taken from a single truck fueled on B20 (from Rapeseed) but ran over
100,000 miles in Idaho.

Table 5
Cummins BT5.9L Engine B20 Oil Analysis - ppm
lron | Copper Lead | Aluminum | Silicon | Chromium
Angus B20* | 0-21 2-12 0-3 0-2 0-14 0-2
Angus Petro 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58
U. Mo B20* 6.23 4.07 1.53 1.67 2.43 0.73
Standard Dev | 2.26 6.16 0.63 0.84 1.14 0.45
U. Mo Petro 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev | 5.34 1.05 2.57 1.77 0.95 0.90
*Projected values; not based on actual measurements. See Appendix | for
calculations.

*The Univ. of Missouri trucks operating on petrodiesel and those on B20 are
different trucks operating in different environments.

iv.  Jackson Petrodiesel History:

1. Main Drive Engines: The wear materials of concern are the same as for
the Angus, Section 1.d.i.1, and relate to the same engine components.

Table 6 compares the average levels of engine wear metals from the
University of Missouri testing for low sulfur petrodiesel and the average
levels from the Jackson 2002 season using low sulfur, premium petrodiesel.
No data for the Jackson’s engine operating on biodiesel was found in the
research.

The duty cycle rating for the Jackson application is Medium, Continuous

while the rating for the transit bus application is Intermediate, Severe — a
more severe and demanding application.

Table 6

Detroit Diesel 6V92TA Engine Oil Analysis - ppm

Iron | Copper Lead | Aluminum | Silicon | Chromium
Jackson Petro | 12.2 2.5 5.0 1.5 6.1 0.6
Standard Dev | 3.16 1.27 2.31 0.53 3.98 0.52
U. of Mo Petro | 89.7 27.8 11.6 0.5 19.0* 2.7
Standard Dev | 57.72 157.24 104.59 1.98 NA 1.87

* Silicon data is from a different reference (7) for the same test but a shorter test period and as no
silicon data were reported in the final report.
See Appendix | for calculations.

The silicon in the lubricating oil is a concern as this is a measure of the
abrasive material that can enter the combustion air during engine operation.
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The silicon in the bus oil is over five times the silicon content for the Dodge
trucks from the long term University of Missouri test (See Table 3 — U. of
MO petro) but is of the same order of magnitude as the Angus oil silicon
content. The iron content in the bus oil samples is also approximately five
times that of the Dodge truck testing (Table 3).

The data in Table 6 are of concern only in that the oil sampling wear metals
from the bus tests seems high when compared to the Jackson average wear
metals, the Angus data, and the other data available.

Detroit Diesel Corporation recommends that a single oil analysis metal
content should be less than: 150ppm of Iron, 25ppm of Copper, and 10ppm
of Lead for over the road application. Recommendations for marine limits
are different only in the iron content, which is limited to 250ppm (28). The
St. Louis bus test data lists two metals exceeding the recommended limits
while the Jackson average and every single data point is within the
recommended limit (See Appendix | & I1V).

The lower mean value of silicon in the Jackson oil samples compared to the
Angus (Table 7) suggest that the Jackson air filters may be more effective in
preventing environmental wear materials from entering the engines.

Table 7

Jackson and Angus Oil Analysis Comparison - ppm

Iron | Copper Lead | Aluminum | Silicon | Chromium
Jackson Petro | 12.2 2.5 5.0 1.5 6.1 0.6
Standard Dev* | 3.16 1.27 2.31 0.53 3.98 0.52
Angus Petro 20.0 4.0 3.0 2.7 14.0 1.7
Standard Dev | 7.81 3.46 1.00 0.58 7.81 0.58

*See Appendix | for calculations

2. Large Electrical Power Generator: No engine oil analysis for a test or
demonstration project has been found in the literature to allow a direct
comparison to the large Jackson genset oil analysis or establish acceptable
rates of wear. Table 8 is the average engine wear metals for the 2002
season. Lubricating oil and filters are changed at 100-hour intervals.

Table 8

Northern Lights M30C Genset Engine Oil Analysis - ppm

Iron | Copper Lead | Aluminum | Silicon | Chromium

Petrodiesel 6.5 2.0 15 2.5 7.0 0.0

Standard Dev* | 0.71 0.00 2.12 0.71 1.41 0.00

* Based on samples from two oil changes. See Appendix | for calculations.

Northern Lights does not have any recommendations regarding acceptable
level of wear metals in engine oil from their engines (Appendix 1V).
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The wear metals and silicon measurements from the Toyota engine mounted
on the large Jackson genset are comparable to the other engine oil analysis
of the Angus’s and Jackson’s engines.

v. Jackson — B20 Expectations:

1. Main Drive Engines: Table 9 (same as Table 4 in main text of report)
provides estimates of the ranges the wear metals that might result from
fueling the Jackson with B20. The iron wear metal for B20 usage compared
to petrodiesel measurements is the most disconcerting as this is the only
wear metal with a high probability of being statistically different (39).

Table 9
Detroit Diesel 6V92TA Engine Oil Analysis - ppm
Iron Copper | Lead | Aluminum | Silicon | Chromium

Jackson B20* | 13-19 2-5 3-8 1-3 2-9 0-1
Jackson Petro 12.2 2.5 5.0 1.5 6.1 0.6

Standard Dev 3.16 1.27 2.31 0.53 3.98 0.52
U. of Mo B20** | 115.8 42.5 13.2 0.8 17.4" 3.3

Standard Dev 57.75 157.24 104.59 1.98 NA 1.87
U Mo Petro** 89.7 27.8 11.6 0.5 19.0° 2.7

Standard Dev 57.72 157.24 104.59 1.98 NA 1.87

*Projected values; not based on actual measurements — see Appendix | for calculations.

**The Univ. of Missouri buses operating on petrodiesel and those on B20 were different buses on
different routes introducing a set of uncontrolled variables into the data.

# Silicon data is from the same test but from a different reference (7) and a shorter test period.

The silicon in the Jackson lubricating oil analyses is low compared to that
measured in the bus demonstration and is not considered an issue. Based on
duty cycle descriptions, using the bus data to estimate the worst case
changes to the Jackson wear metals should be conservative. The ranges of
wear metals estimated for the Jackson are not excessive and are predicted to
remain below the Detroit Diesel Corporation (DDC) recommended limits.

If the silicon in the Jackson oil remains in the range of the petrodiesel data
when B20 is used, then the other wear metals should not vary in the same
manner as it does in the buses. The expectation derived from the majority of
biodiesel research is that the introduction of biodiesel (either B100 or in a
blend) increases the lubricity of the fuel and reduces engine wear, increasing
life. The University of Missouri data are contrary to this premise and other
research (40, 58) regarding the lubricity effects of biodiesel.

Clearly, a better understanding of the effects of fueling the Jackson’s
engines with the B20 blend must be gained and well understood before
committing to the use of B100.
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2. Large Electrical Power Generator: Table 10 introduces estimates for the
wear metals for the genset if fueled with B20.

Table 10

Northern Lights M30C Genset Engine Oil Analysis - ppm

Iron | Copper Lead | Aluminum | Silicon | Chromium

B20* 1-5 4-7 0-5 0-3 3-9 0-0
Petrodiesel 6.5 2.5 15 2.5 7.0 0.0
Standard Dev’ | 0.71 0.71 2.12 0.71 1.41 0.00
U. Mo B100** | 10.86 3.25 2.15 1.72 3.10 0.95
Standard Dev** | 6.65 442 1.82 0.87 3.08 2.57
U. Mo Petro** | 13.79 1.86 2.89 4.33 2.86 1.48
Standard Dev** | 5.34 1.05 2.57 1.77 0.95 0.90

*Projected values; not based on actual measurements. See Appendix I for calculations
** Data repeated from Table 3
#Based on samples from two oil changes.

The risk of engine damage to the large genset when fueled with B20 blend
should be small but risk to the mission would be slightly higher.
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I. OPERATIONAL ISSUES:

a. Operational Fuel Blend: If the vessels are stored with petrodiesel or a low blend
in the fuel tanks, and a much higher blend or biodiesel is the desired operating
fuel, the ratio of biodiesel to petrodiesel of the fuel in the vessel fuel tank will
vary as fuel is added. Table 1 below provides fuel data and the resulting blend
ratio for an assumed fueling schedule. The issue will be the effectiveness of the
mixing of the tank fuel and fuel added. The mixing will not affect the operation
of the engines but will be of concern at the end of the season just before lay-up.

For 100% of tank capacity drawn down to 33% of capacity for the initial spring
fueling, an effective B13 blend is predicted for the fuel in the tank after an initial
fueling with B20. B20 in the fuel tank would be reached with only 4 fuel stops
the first season and three the second season (fuel stop 14). Drawing the fuel tank
down to near empty will shorten the time to reach B100 and reduce total
emissions from the vessel. In the fall, a single fill-up with petrodiesel would
result in a B7 blend for storage (fuel stop 11).

A simple Excel spreadsheet similar to Table 1 will predict the fuel-tank blend
ratio automatically when the fuel added to the tank is entered.

A similar situation would arise if B100 were the fuel of choice but the resulting
fuel tank blend would take much longer to reach B100 and more petrodiesel
would have to be run through the tank to reach a blend of b20 or less for winter
storage.
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Table 1
Fuel Blend in Vessel Fuel Tank
_Fl_l;ilkl n Amount of _
Fuel stop Percent of Fuel Added Type of Resulting
Tank - Percer]t Fuel Added | Tank Blend
Capacity of Capacity

1 33% 67% B20 B13
2 33% 67% B20 B18
3 33% 67% B20 B19
4 33% 67% B20 B20
5 33% 67% B20 B20
6 33% 67% B20 B20
7 33% 67% B20 B20
8 33% 67% B20 B20
9 33% 67% B20 B20
10 33% 67% B20 B20
11 33% 67% Petrodiesel B7
12 33% 67% B20 B16
13 33% 67% B20 B19
14 33% 67% B20 B20

Mixing: There are mixing issues that have been ignored in the foregoing discussions.
Incomplete mixing will not harm the engines but would be concern only in the fall prior
to lay-up or in the Jackson main drive engines where operation on biodiesel is considered
a high risk. However, this situation arose early in the St. Louis test without any
consequences to the mechanical integrity of the test buses or abnormal route delays (39).
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I. INITIAL SEASON CONSIDERATIONS:

a. Preparatory work: Prior to making any changes in the fuel used in either vessel,
measurements of exhaust gas emissions and an analysis of exhaust gas cooling
water should be completed. These measurements will form a baseline of
operation for comparison to the same measurements made after the vessels
change to biodiesel or B20. As AWRI is focused on research and water quality,
we should understand the impact of operating our vessels and contribution to the
environmental.

Both vessels should have sampling ports added to the exhaust systems on all
engines so that exhaust gas samples at the exhaust manifolds and downstream of
the point where the exhaust cooling water in injected. Exhaust gas cooling water
should also be sampled and appropriate sampling ports to access the cooling water
should be added to both vessels.

b. Funding: The grant under which this feasibility study was completed did not
provide funding to support exhaust gas or exhaust gas cooling water analysis.
Attempts to win a grant to support an organized and more enlightening approach
to understanding the impact on the environment by using biodiesel or B20 in the
two vessels were unsuccessful.

Alternatively, the current grant could support the preparatory work if the
feasibility study and market study were completed early or the scope changed to
allow the funding of the preparatory work on both vessels. This would result in a
shorted schedule but more effective use of the available funds and a better
understanding of the impact of the fuel on the environment.

Lacking funding, a change to biodiesel or B20 can be made without the baseline
and measurements made at a later date to assess the environmental impact without
knowledge of the improvement (or lack thereof). Research completed for this
study indicates that there will be a positive change.

c. Angus Start-up: A number of considerations are necessary once the decision is
made to fuel with biodiesel or a blend.

i.  Fuel: The choice of fuel for the Angus initially should be B20.

1. Follow the Jackson: If the Jackson is fueled with B20 then fueling the
Angus with the same fuel has the benefit of increasing the quantity of
fuel bought and may bring a cost reduction to the Jackson. This is low
risk for the Angus but higher than if B100 were used because less
supporting data are available.
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2. Follow the Coast Guard: If the Coast Guard station in Grand Haven
converts to biodiesel then the Angus should use that fuel when it
becomes available, assuming the conflict of interest between the
inspection and fuel supplier roles of the Coast Guard could be resolved.
The fuel of choice for the Coast Guard is likely to be biodiesel with a
B50 Blend being used in the cold months. The issue then would be
replacing the fuel blend in the fuel tank with a blend appropriate for
winter lay-up - B20 or less.

ii. Monitor fuel filters: Biodiesel or B20 is expected to clean the Angus fuel
tank of microbial growth that has accumulated. This will be deposited in the
fuel filters and twice daily inspection of the main drive and genset engines
fuel filters is recommended for the first week of operation. Continued,
increased, periodic filter inspection of the MDE and genset filters should be
carried out until the system is clean and the current interval can be reached.
The crew can best determine the interval through experience. Changing the
filters more frequently will be required initially but only real time
experience will determine the necessary interval. Three additional filter
changes are included in the start-up cost estimate of Table 26.

iii.  Change the Lubricating oil: The start-up cost estimate includes cost for
one added oil change in the first season of operation on biodiesel. This is
precautionary only and may not be required. The determining factor in the
need for an oil change is fuel in the lubricating oil. Biodiesel fuel in the oil
will cause the oil to sludge. Fuel in the oil can only be determined by oil
analysis. The Cummins engine has not experienced these problems but
piston ring condition will play a role in fuel getting into the oil.

No information regarding the Westerbeke engine and fuel/oil contamination
was found in the research.

iv.  Monitor Injectors: Some problems have been experienced with injector
cavitation during operation with biodiesel and accumulating deposits from
the fuel. These have been minor occurrences that appear to be engine
specific, i.e. occur only in some engines but inspection at the end of the
season should be considered. The Cummins engine has had no reported
injector problems.

There is no information regarding injector problems with the Westerbeke
engine.

v.  Monitor Elastomeric Components: Periodic inspection of flexible hoses
and elastomer seals and gaskets is recommended. Even low blend fuels can
attack some components resulting in drips or worse leaks. This is not
expected to affect the Cummins or Westerbeke engine or accessories.
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vi.  Analysis of lubricating oil: Establish an increased frequency of oil
analysis. Draw a sample of oil for analysis every 100 hours from both the
main drive engine and genset for the first 400 hours of operation. Monitor
the samples for changes and trends in metals and fuel content. The wear
metal measured should be significantly less than the existing samples as the
time between samples is shorter providing less time for engine wear metals
to accumulate. The additional cost for two additional oil analyses is
included in the Start-up costs summary of Table 26.

vii.  Engine Performance: Engine performance for the Cummins engine on
biodiesel has been reported as both higher and lower than petrodiesel-fueled
engines. Engines with aftercoolers tend to be 7% lower, while engines
without report a 5% increase in power. In general, increased power will be
experienced at low RPM and lower power at high RPM.

The Westerbeke engine will also experience a decrease in performance of
the same order of magnitude as the main drive engine.

viii.  Fuel Consumption: Fuel consumption will increase by 5% for B100 and
1% for B20 based on over-the-road test experience.

Fuel consumption for the Westerbeke engine should also increase by 5% for
biodiesel and 1% for B20. Fuel data used in Table 25 apply to the vessel as a
whole so neither the main drive engine nor the genset fuel consumption can
be broken out from total fuel used.

iXx. Cold Weather: Cold weather storage with biodiesel or a high blend (above
B20) in the fuel tank is not recommended. Copper and copper alloys will
cause a black sludge to form in storage and plug fuel filters. Long-term
storage should take place with B20 or less in the fuel tanks.

The no risk situation would be to negotiate a buy-back arrangement with the
fuel supplier to reduce the risk of using old fuel in the spring. The supplier
would accept excess B20 or biodiesel and provide a credit. The boat could
then be stored with a good storage blend or 100% petrodiesel in the tanks
and engine.

d. Jackson Start-up:

i.  Fuel: The Jackson should proceed with establishing a budget and process to
utilize a B20 blend for the 2003 season, if possible, and following seasons.
Once the behavior of the Detroit Diesel engines is well understood, the
blend ratio could then be increased. Detroit Diesel Corporation does not
recommend a blend higher than B20 at this time but as there is no warranty
coverage this should not be a consideration and only mechanical risk and
mission risk should be considered. Further experience with B20 and
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incremental increases to B100, while monitoring oil wear metals, will
minimize risk to the engines. The main issue may be NOx emissions.

The use of B20 will allow AWRI to gain some experience with the Lugger
and Toyota engines operating on the fuel. This should be low risk but the
lack of experience with the specific engine models represents an unknown.

ii. Monitor fuel filters: The fuel is expected to clean the Jackson fuel tank of
microbial growth that has accumulated. This will be deposited in the fuel
filters of both main engines and both gensets and twice daily inspection is
recommended for the first week of operation. Changing of the filters often
is recommended but only real time experience will determine the necessary
interval. Three additional filter changes are included in the start-up cost
estimate of Table 29.

iii.  Monitor Elastomeric Components: Periodic inspection of flexible hoses
and elastomer seal and gaskets is recommended. Even low blend fuels can
attack these components resulting in drips or worse leaks.

iv.  Change the Lubricating oil: The start-up cost estimate includes cost for
one added oil change in the first season of operation on biodiesel. This is
precautionary only and may not be required. The determining factor in the
need for an oil change is fuel is the lubricating oil. Fuel in the oil can only
be determined by oil analysis. Fuel in the oil should not be a problem but in
some demonstrations excessive fuel was found in the lubrication oil and will
cause sludging. The Detroit Diesel engines has not experienced these
problems but piston ring condition will play a role in fuel getting into the
oil.

No information regarding fuel/oil problems was found for the Lugger or
Toyota engines.

v.  Monitor Injectors: Some problems have been experienced with Detroit
Diesel 692 injector cavitation and accumulating fuel deposits during
operation with B20. These have been minor occurrences that appear to be
engine or application specific, i.e. occur only in some engines. Inspection of
injectors at the end of the season is recommended.

No information regarding injector problems was found for the Lugger or
Toyota engines.

vi.  Analysis of lubricating oil: Establish an increased frequency of oil
analysis. Draw a sample of oil for analysis every 100 hours for both main
engines and both gensets the first 400 hours of operation. Monitor the
samples for changes and trends in metals and fuel content. The wear metal
measured should be significantly less than the existing samples as the time
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between samples is shorter providing less time for engine wear metals to
accumulate. The additional cost for oil analysis is included in the start-up
costs summary of Table 29.

The small genset should be added to the oil sampling program and increased
running time should be considered so that an adequate database of operation
on the fuel is established.

vii.  Engine Performance: No engine performance data for the 6\VV92 Detroit
Diesel engine on B20 were reported. In general, B20 is expected to have a
minor affect on engine performance and a reduction on the order of 3 to 9%
should be expected.

Both gensets will experience a change in output power on the order of +2%
or -5%.

viii.  Fuel Consumption: Fuel consumption will increase. The St. Louis buses
experienced a 5.6% increase in fuel consumption when using B20. This is
considerably higher than expected but may be an attribute of the two-cycle
diesel engine, the bus duty cycle, or the engine condition. The 5.6% value
and the extrapolated value of 28.7% were used to calculate fuel
consumption in Table 28 and are believed to be a worst case. Both of these
values are suspect and need to be verified or disputed by data from the
Jackson. The high value impacts hourly operational costs heavily and, if
accurate, will seriously restrict the blend level useable in the Jackson.

The Lugger and Toyota engines should experience no more than a 2%
increase in fuel consumption when fueled with B20. However, since the
fuel data used in Table 26 apply to the vessel as a whole, two main engines
and two gensets, fuel usage estimated will be overstated to a minor degree.

iX. Cold Weather: Cold weather storage with biodiesel or a high blend (above
B20) in the fuel tank is not recommended. Copper and copper alloys will
cause a black sludge to form in storage and plug fuel filters. Long-term
storage should take place with a B20 or lower blend in the fuel tanks.
Petrodiesel in the engine and fuel lines is the lowest risk situation for winter
lay-up, but only slightly better than B20.

The no-risk situation would be to negotiate a buy-back arrangement with the
fuel supplier to reduce the risk of using old fuel in the spring. The supplier
would accept excess B20 or biodiesel and provide a credit. The boat could
then be stored with a good storage blend or 100% petrodiesel in the tanks
and engine.

X.  Air Filtration: Improvements to combustion air filtration should not be a
consideration for the Jackson.
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APPENDIX VI

ENGINE MANUFACTURERS DATA
Cummins, Inc.
Westerbeke Corporation.
Detroit Diesel Corporation.
Alaska Diesel Electric
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Engine Data
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Marine Products

Continuous Duty (CON)

Intended for continuous use in applications requiring
uninterrupted service at full power. This rating is an 1ISO
3046 standard power rating.

Typical vessel applications include: oceangoing
displacement hulls such as fishing trawlers, freighters,
tugboats, bottom drag trawlers, and towboats.

Heavy Duty (HD)

Intended for continuous use in variable load applications
where full power is limited to eight (8) hours out of every ten
(10) hours of operation. Also, reduced power operations
must be at or below 200 rpm of the maximum rated rpm.
This is an ISO 3046 fuel stop power rating and is for
applications that operate 5,000 hours per year or less.

Typical vessel applications include: displacement hull
vessels such as mid-water trawlers, purse seiners, and
towboats where frequent slowing is common and engine
speed and load is stable. Also used in high speed vessels
such as ferries and crewboats.

Medium Continuous Duty (MCD)

Intended for continuous use in variable load applications
where full power is limited to six hours out of every twelve
hours of operation. Also, reduced power operations must be
at or below 200 rpm of the maximum rated rpm. This rating
is an 1SO 3046 fuel stop power rating and is for applications
that operate less than 3,000 hours per year.

Typical vessel applications include: planing hull ferries,
fishing boats designed for high speeds to and from fishing
grounds, offshore service boats, and also (non-cargo)
displacement hull yachts and short trip coastal freighters
where engine load and speed are cyclical.

Intermittent Duty (INT)

Intended for intermittent use in variable load application
where full power is limited to two hours out of every eight
hours of operation. Also, reduced power operations must be
at or below 200 rpm of the maximum rated rpm. This rating
is an I1SO 3046 fuel stop power rating and is for applications
that operate less than 1,500 hours per year.

Typical vessel applications include: planing hulls such as
customs, military and police vessels, charter and some
fishing vessel applications.

High Output (HO)

Intended for use in variable load aoplications where full

http://www.gce.cummins.com/mce/mce_pages/productpage.htm

Page 2 of 4

3/19/2003
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Marine Products

power is limited to 1 hour out of every 8 hours of operation.
Also, reduced power must be at or below 200 rpm of the
maximum rated rpm. This power rating is for pleasure / non-
revenue generating applications that operate 300 hours per
year or less.

Typical vessel applications include pleasure craft such as
sportfishers, motoryachts, and cruisers.

BHP - ISO 8665 fuel stop power rating. Fuel 40 C (104 F).
Metric Horsepower - ISO 3046 fuel stop power rating. Fuel
25C (77 F) Topof page

Marine Emissions Certifications

On January 1, 2000, emissions standards set forth by the
International Maritime Qrganization (IMO) entered into effect
in many areas of the world for marine diesel engines above
130 kW (174hp). This is the first time in history that diesel
emissions from vessels have been subjected to a control
standard, however it will not be the last. Cummins is making
the investment now to ensure our products not only meet the
standards of today, but are ready to meet the challenges of
tomorrow.

Cummins Marine offers a full line of certified emissions
compliant engines, with certificates available from the U.S.
Environment Protection Agency (EPA) and Lloyd's Register
of Shipping. The emissions status of each Cummins engine

Onan Generators

At Onan, we've spent decades focused on one goal -
developing the best-designed and most innovative marine
generator sets in the industry...which is why we are the
global leader in marine genset production. More than 60
years of marine experience, gained by supplying generators
to the U.S. Coast Guard, Navy, recreational boaters, and
some of the finest yacht builders in the world, is built into
every Onan marine generator. Our extensive line of marine
generator sets from 4-95 kW provide state-of-the-art
reliability and smooth, quiet operation. Top of page

Marine Product Line

You can also click the "marine products” button at the top of
the page (left).

http://www.gce.cummins.com/mce/mce_pages/productpage.htm

Page 3 of 4

3/19/2003
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Service Bulletin
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Fuels for Cummins Engines
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Introduction

This bulletin covers information about fuels for Cummins engines, The purpose of this bulletin is to help the user
understand proper fuel selection, and problems associated with fuel.

Diesel Fuel
Diesel fuel performs three major functions in a Cummins diesel engine.
1. It supplies all the energy for the engine.
2. It cools and lubricates the precision parts of the engine’s fuel pump and injectors.
3. It enables emissions controlled engines to meet regulated emissions levels.
Premium Diesel Fuel

Cummins diesel engines will run on a great variety of fuels, but some fuels will give better performance, higher efficien cy,
improved reliability, or lower maintenance costs than others. Fuel must be selected based on overall operating costs,
not just on the purchase price. Cummins recommends the use of premium fuels meeting the requirements of Category
1 through 4 as outlined in the Worldwide Fuel Charter (www.engine-manufacturers.org/about/guidelines.cfm).
Operators must select fuels from these categories to optimize performance and emissions.

Category 1:
Markets with no or minimal requirements for emission controls.
Category 2:

Markets with stringent requirements for emission controls that requires the use of low sulfur fuel, for example,
vehicles meeting United States and European on-highway standards. The maximum is 0.05 percent sulfur.

Ci Ins Inc., Columbus, Indlana 47202-3005
Cummins Engine Company Ltd., Daventry, Northants, England NN11 5NU
Registered Office: 46-50 Coombe Road, New Malden, Surrey KT3 4QL

°Ngbgz73951 England

Gopyrgh 0 Page 1 of 22
All rights reserved
Annis Water Resources Institute MR-2003-111
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Category 3:
Markets with advanced requirements for emission controls that require ultra low sulfur fuel (less than 50 ppm) for
after-treatment devices.
Category 4:
Markets with further advanced requirements for emission control to enable sophisticated NOx and PM after-
treatment technologies. This normally requires no detectable sulfur in fuel,

Category 4:
Markets with further advanced requirements for emission control to enable sophisticated NOx and PM after-
treatment technologies. This normally requires no detectable sulfur in fuel.

Required Diesel Fuel Specifications

This section presents the fuel specifications required by Cummins.

Fuels meeting national and international specifications can be used if they observe the specifications listed in Table
1: Required Diesel Fuel Specifications. Cummins engines will operate satisfactorily on fuels meeting all the properties
listed in Table 1; however, fuels meeting only the required specifications may not give the same level of perfarmance,
efficiency, reliability or maintenance costs as premium fuels.

Table 1: Required Diesel Fuel Specifications

Viscosity 1.3 to 5.8 centistokes (1.3 to 5.8 mm per second) at 40°C [104°F)

Cetane Number 42 minimum above 0°C [32°F]; 45 minimum below 0°C [32°F]

Sulfur Content Not to exceed 0.5 mass-percent’

Active Sulfur Cogoper Strip Corrosion not to exceed Number 2 rating after 3 hours
at 50°C [122°F)

Water Sediment Not to exceed 0.05 volume-percent

Carbon Residue : Not to exceed 0.35 mass-percent on 10 volume-percent residuum

Density 0.816 to 0.876 grams per cubic centimeter (a/cc) at 15°C [60°F]

Cloud Point 6°C [10°F] below lowest ambient temperature at which the fuel is
expected to operate

Ash Not to exceed 0.02 mass-percent (0.05 mass-percent with lubricating
oil blending)

Distillation The distillation curve must be smooth and continuous

Lubricity SLBOCLE, or HFRR 3100 grams or greater SLBOCLE, or 0.45 mm maximum: Wear Scar
Diameter (WSD) at 60°C [140°F] HFRR

1. Regional, national, or international regulations can require a lower sulfur content than 0.5 percent. Consult all
applicable regulations before selecting a fuel for a given engine application. Fuel with sulfur higher than 0.5 percent
is not allowed without prior approval by Cummins. Fuel system corresion, heightened emissions, and reduced oil
drain intervals are just some of the possible adverse effects of fuels with very high sulfur. Fuel must observe proper
flash point requirements to satisfy local safety regulations.

Diesel Fuel Properties
= Viscosity

— General Description - Proper viscosity provides adequate pumping and lubricating characteristics to fuel
system components.

— Test Method - ASTM D445, ISO 3104

* Cetane Number

— General Description -~ Cetane number is a measure of the starting and warm-up characteristics of a fuel.
In cold weather or in service with prolonged low loads, a higher cetane number is desirable.
— Test Method - ASTM D613, ISO 5165

— Fuel with a cetane number greater than 55 may cause increased torque peak smoke. Reference ASTM D613,
5 ISO 5165.
i = Sulfur Content

— General Description - Diesel fuels contain varying amounts of various sulfur compounds. Fuel sulfur
contributes to acid formation and exhaust particulates. Reduced sulfur is required to meet particulate

Annis Water Resources Institute MR-2003-111
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emissions and to avoid peoisoning after-treatment devices. Higher sulfur fuel also needs higher total base
number (TBN) lubricants to compensate for acid corrosion.

NOTE: Catalyst failures caused by the use of fuels with higher than recommended sulfur levels are not warrantable,
High sulfur fuel will also shorten the life of certain components in the exhaust system, including the oxidation catalyst.

Test Method - ASTM D2622, ISO 42680

Active Sulfur

— General Description — Some sulfur compounds in fuel are actively corrosive,
— Test Method - ASTM D130, ISO 2160

Water and Sediment

— General Description - The amount of water and solid debris in the fuel is generally classified as water and
sediment. It is good practice to filter fuel while it is being put into the fuel tank. More water vapor condenses
in partially filled tanks due to tank breathing caused by temperature changes. Filter elements, fuel screens
in the fuel pump, and fuel inlet connections on injectors must be cleaned or replaced whenever they become
dirty. These screens and filters, in performing their intended function, become clogged when using a poor
or dirty fuel and will need to be changed more often.

— Test Method ~ ASTM DI796

Carbon Residue

— General Description - The tendency of a diesel fuel to form carbon deposits in an engine can be estimated

by determining the Ramsbottom or Conradson carbon residue of the fuel after 90 percent of the fuel has
been evaporated.

— Test Method - ASTM D524, ASTM D189, ISO 10370
Density
— General Description = Density is an indication of the energy content of the fuel. Higher density indicates

more thermal energy and better fuel economy.«
— Test Method = ASTM D287, D4052, ISO 3675

Cloud Paint

— General Description — The cloud point of the fuel is the temperature at which crystals of paraffin wax first
appear. Crystals can be detected by the cloudiness of the fuel.

— Test Method - ASTM D97, ISO 3015

Cold Filter Plugging Point
— General Description — The cold filter plugging point of the fuel is the lowest temperature at which fuel can
still flow through a 45 micron wire mesh. This test method can be directly related to a fuel's tendency to

plug fuel filters at reduced temperatures due to the formation of paraffin wax crystals.
— Test Method - ASTM D&371

Ash
— General Description = The small amount of noncombustible metallic material found in almost all petroleum

products commonly is called ash.
— Test Method - ASTM D482, I1SO 6245

Distillation

— General Description - At least 90 percent of the fuel must evaporate at less than 360°C [680°F]. All of the
fuel must evaporate at less than 385°C [725°F].

— Test Method - ASTM D86, ISO 3405

Lubricity (ball an cylinder evaluater) BOCLE
— General Description - Lubricity is the ability of a liquid to provide hydrodynamic and boundary lubrication
to prevent wear between moving parts, Fuel with lower sulfur and viscosity tends to have lower lubricity. It
can be measured by either one of two procedures.
— Test Method:
ASTM D6078, Scuffing Load Ball On Cylinder Evaluator (SLBOCLE), or
ASTM D6079, ISO 12156, High Frequency Reciprocating Rig (HFRR)

Contingency Diesel Fuel Specifications

This section presents the specifications for fuels which are enly to be used when fuel meeting the required specifi-
cations are not available. In the case that fuels meeting the Required Specifications in Table 1 are not available,

Cummins has prepared contingency specifications to aid the user in choosing the most acceptable contingency fuel.

Annis Water Resources Institute MR-2003-111
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A CAUTION A

Fuels outside the recommended fuel specifications, but within the contingency specifications, are only meant
to be used for short periods of time when no other fuels are available. Use of contingency fuels can have an
adverse effect on engine performance and durability. Cummins assumes no warranty responsibility for repairs
or !P%T“Ed costs of operation resulting from the use of fuels that do not conform to the specifications listed
in Table 1.

Guidelines for The Use of Contingency Fuels

1. Acalibration change of the fuel pump or injectors is not recommended when changing to a contingency fuel that
meets all the specifications shown in Contingency Diesel Fuel Specifications, although changing to a contingency
fuel can cause a slight power loss and can result in higher than normal wear of certain components. See the
sections in this bulletin on Power Loss and Component Wear and Durability for additional information.

2. Althoughitis not anticipated that smoke levels will increase when fuels meeting the contingency fuel specifications
are used for short periods of time, the user must make sure that the use of such fuels does not result in a smoke

level which exceeds legal limits applied to the owner or operator. Continued use of fuels meeting the contingency
fuel specifications can result in increased smoke levels.

3. Some jet fuel lubricities can be too low to provide the necessary lubrication for the fuel system components. If
(based on the fuel supplier's specifications) a fuel does not have the minimum lubricity listed for contingency fuels
in Contingency Diesel Fuel Specifications, a fuel additive must be added to the fuel to increase the lubricity and
specially enhanced fuel system components must be used. Refer to the section in this bulletin on fuel additives.
Consult Cummins for available hardware options.

A WARNING A

Some contingency fuels, such as jet fuels and kerosene, are much more flammable than normal diesel fuel. Use
extreme care to keep cigarettes, flames, pilot lights, sparks, arcing equipment and switches, and other sources
of ignition away and out of areas sharing ventilation.

Additional maintenance can be required when using contingency fuels. Those using contingency fuels must consult
with their fuel supplier to determine any problems which can result from using fuels meeting Contingency Diesel Fuel
Specifications. If there is still a question, data on the fuel's physical properties must be submitted to Cummins Service
Engineering Department for review before use in Cummins engines.

Table 2: Contingency Diesel Fuel Specifications’
1.3 to 13.1 centistokes
35 minimum above 0°C [32°F]; 40 minimum below 0°C [32°F]

Less than 2.0 mass-percent, Catalyst equipped engines may not be
able to use high sulfur fuel even for a short period of time without
permanent damage to the catalyst.

Viscosity
Cetane Number
Sulfur Content

Active Sulfur

Copper Strip Corrosion not to exceed Number 2

Water and Sediment

Not to exceed 0.5 volume-percent

Carbon Residue

Not to exceed 5.0 mass-percent on 10 volume-percent residuum

Density 0.750 to 0.965 glce at 15°C

Cloud Paint Lowest temperature at which fuel can be maintained without forming
paraffin wax crystals.

Pour Point Lowest temperature at which fuel can still flow.

Ash Not to exceed 0.05 mass-percent

Distillation

90 volume-percent at 395°C [743°F)]

Lubricity (ball on cylinder evaluatar)
SLBOCté

Minimum of 2300 grams SLBOCLE, maximum of 0.6 mm Wear Scar
Diameter WSD at 60°C [140°F] HFRR

Vanadium 5 ppm, maximum
Aluminum 1 ppm, maximum
Silicon 1 ppm, maximum
Sodium 10 ppm, maximum

1. Reference test methods in Diesel Fuel Properties
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Effects of Contingency Diesel Fuels on Engine Operation
* Viscosity

— Low viscosity causes rapid wear of fuel pump and injectors. High viscosity causes hard starting, white smoke

when cold, injector cup cracking, and injector train failures. Governor wear on rotary fuel pumps can cause
loss of regulation.

* Cetane Number

— Low cetane number can cause poor starting, excessive white smoke, and poor idling. Cetane number above
55 can increase torque peak smoke.

* Sulfur Content

— High sulfur content increases wear in injectors, piston rings, and bearings. Use of fuels with sulfur content

above 0.5 mass-percent requires the use of higher total base number (TBN) lubricants (TBN greater than
10) and shorter oil drain intervals.

NOTE: Catalyst failures caused by the use of fuels with higher than recommended sulfur levels are not warrantable.
High sulfur fuel will also shorten the life of certain components in the exhaust system, including the oxidation catalyst.
« Active Sulfur

— Excesslive active sulfur increases the corrosive attack on the fuel pump, injectors, and other fuel system
compaonents.

Water and Sediment
— Contaminated fuels reduce filter life, fuel system life, and cause on-road failures.
* Carbon Residue

— High carbon residue causes increased combustion chamber carbon deposits, more exhaust smoke, and
higher soot contamination of the lubricating oil.

Density

— Lighter fuels contain less thermal energy per gallon and result in somewhat lower fuel economy. A fuel with
a density of 0.876 g/cc contains about 3.5 percent more energy per gallon than a fuel with a density of 0.815
glce.

Cloud Point

— Operating below the cloud point temperature can cause the fuel filter to clog with wax crystals, restrict fuel
flow, and cause loss of power. It is suggested that if fuels with cloud points above the expected ambient
temperatures are purchased, the consumer must consult the fuel supplier and Cummins Inc. concerning
fuel handling techniques. For more information, refer to Common Issues With Winter Fuel.

Pour Point

— Operating near or below the pour point will cause start-up issues. It is doubtful that most fuel pumps could

operate at the pour point. In fact, it is recommended that systems be operated at 10 to 15 degrees F above
the pour point of a fuel.

Cold Filter Plugging Point

— Operating below the cold filter plugging point temperature will cause the fuel filter to clog with wax crystals,
restrict fuel flow, and cause loss of power. If is suggested that if fuels with cold filter plugging points above
the expected ambient temperatures are purchased, the consumer must consult the fuel supplier and

Cummins Ine. concerning fuel handling techniques. For more information, refer to Common Issues with
Winter Fuel,

¢ Ash

— High ash content causes deposits of noncombustible metallic material in the combustion chamber and on
the exhaust valves.

Distillation, Maximum

— Fuels with high distillation temperature can leave gummy deposits in the fuel system and result in poor fuel
combustion.,

Lubricity

— Fuels with low lubricity can cause increased wear or seizure of fuel system components.
« Vanadium

— Fuels with high vanadium content can cause valve burning.

Aluminum

— Fuels with high levels of aluminum can cause premature ring and liner wear which can lead to excessive
oil consumption,

-
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* Silicon

— Fuels with high levels of silicon can cause premature ring and liner wear which can lead to excessive oil
consumption.

* Sodium

— Fuels with high levels of sodium can cause premature ring and liner wear which can lead to excessive oil
consumption. Sodium can combine with vanadium, if present, and catalyze, causing valve burning.

* Zinc

— Fuels with high levels of zinc can cause injector spray hole carboning. Do not use galvanized pipe or fittings
in the fuel system plumbing. Diesel fuel will leach zinc galvanized material.

Power Loss

This section gives guidelines on power loss to be expected when using recommended or contingency fuels, or fuels
that are above normal temperature.

NOTE: The values given concerning power loss due to the use of contingency fuels are intended only to help estimate
power loss. Power loss can vary greatly, depending on operating conditions, engine type, fuel system type, fuel
composition, and other factors. These guidelines can not be used to precisely calculate engine power loss.

The use of contingency fuels can cause a decrease in the power output of the engine due to differences in fuel density

and viscosity. In addition, changes in fuel temperature also affect engine power output because temperature affects
both viscosity and density.

Density

All engines will have a predictable variation in power output depending on the density of the fuel used. Engines using
fuels with a high density will produce more power than those using fuels with a lower density because the thermal energy
content of the fuel is higher. Since fuel is marketed by volume, lower density fuel carrying less thermal energy results
in a proportional decrease in fuel economy or power output.

Viscosity

In general, lower viscosity results in lower power due to increased internal leakage in the fuel system. Also, lower
viscosity fuels generally have lower thermal energy content. The effect viscosity has on power depends on the type
of fuel system used.

Temperature

Temperature causes changes in engine power because it affects both viscosity and density. An increase in fuel
temperature will cause a decrease in viscosity, which will reduce power due to internal leakage in the fuel system as
described above. The maximum recommended fuel pump inlet temperature for Cummins engines is 70°C [1568°F).

An increase in fuel temperature will also cause a decrease in fuel density (increase in AP gravity), which will reduce
power due to lower energy content of the fuel. On Cummins engines using the PT®, Quantum, or HPI fuel systems,
the power loss due to increasing temperature is less than that on engines using the in-line, distributor, or CELECT™
systems (less than 1 percent per 5°C [10°F]), due to the inherent viscosity compensating characteristics of these
systems.

Component Wear and Durability
This section shows the effects of contingency fuels on wear and durability of fuel systems components.

The use of contingency fuels can affect the wear and durability of both fuel pump and injector components within the
fuel system. Many of these fuels are low in viscosity and lubricity as measured in the Ball On Cylinder Lubricity Evaluator
(BOCLE) tests. Fuels with lubricity values below 2300 grams are considered to have poor lubricity and can cause failure
of fuel system components. Other factors that affect wear and durability are sulfur, water, and sediment content. High
sulfur content increases wear of the fuel system components. Abnormal quantities of water and sediment in the fuel
will also cause excessive wear, as well as other engine problems.

Fuel Blending

This section presents the effects of blending fuels with used and new lube oil, other fuels, and with gasoline, gasohol,
or alcohol.

There are two different types of fuel blending processes referred to in this section. The first is the blending of used
engine lubricating oil to reduce fuel costs and to aid in disposing of used engine oil. This section also discusses the
blending of fuel and engine il in on-highway applications. The second is the blending of heavier fuels with lighter fuels
to lower the wax content, cloud point, and pour point, and thus improve cold weather operation. In addition, the effects
and hazards of mixing alcohol with diesel fuel are discussed.
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Blending Fuel and Lubricating Oil for On-Highway Applications
A WARNING A

Some state and federal agencies have determined that used engine oil can be carcinogenic and can cause
reproductive toxicity. Avoid inhalation of vapors, ingestion, and prolonged contact with used engine oil. If not
reused, dispose of in accordance with local environmental regulations.

A CAUTION A

Engines equipped with an oxidation catalyst must not use fuel blended with lubricating oil. The lubricating oil

causes deposits in the catalyst which will plug the catalyst and possibly cause higher emission levels and
reduced engine performance.

A CAUTION A

Do not blend more than 5 percent used lubricating oil with the fuel. Do not blend other used oils with fuel, such
as transmission fluid, gear case oil, and so forth.

Used engine lubricating oil can be blended with fuel using the Cummins Lube Qil Blender, Part Number 33768317 (110
volt, 60 Hz) or Part Number 3376362 (220 volt, 50 Hz). This process can be used to supplement fuel supply as well
as provide a means of disposing of used lubricating oil.

To blend used engine oil with fuel, follow the instructions provided with the Cummins Lube Oil Blender.

Two rulings by the United States Environmental Protection Agency (EPA) affect the practice of blending lubricating oil
with diesel fuel in the United States. First, on September 10, 1992, the Office of Solid Waste of the United States
Environmental Protection Agency determined that used lubricating oil was not classified as hazardous waste. In
addition, the blending of used lubricating oil with diesel fuel for burning in diesel powered vehicles was determined
to be an acceptable method for disposing of used lubricating oil (57 Federal Register, R 41583, September 10, 1992).
Second, beginning October 1, 1993, diesel fuel used in motor vehicles, as defined by the EPA, in on-highway
applications must contain less than 0.055 percent sulfur by weight (Mandated in Section 211 of the 1990 Clean Air
Amendments; 57 Federal Register, P 19535, May 7,1992). Fuel blended with lubricating oil must also meet this
specification,

Cummins allows the blending of lubricating oil with fuel used In their engines, except those equipped with an oxidation
catalyst, often referred to as a catalytic converter (such as 1994 M11's and 1994 C8.3's used in urban transit buses,
and 1994 B5.9's and CB.3's used in automotive applications). Cummins permits a maximum of 5 percent used
lubricating oil to be blended with fuel. This helps to reduce operating costs and aids in the disposal of used engine
oil. The blending of new lubricating oil to raise viscosity is also permissible. This helps to increase the viscosity of lighter
fuels to acceptable levels. Cummins’ recommendations for the blending of lubricating oll with fuel used in its engines
have not changed; however, if blended fuel used in motor vehicles, as defined by the EPA, in on-highway applications
exceeds the maximum sulfur content, United States federal law has been violated and penalties can be assessed. To
be sure that blended fuel complies with the law, the following procedure must be followed. Both the diesel fuel and
lubricating oil must have their sulfur content measured by a qualified laboratory using the testing method specified
in ASTM D2622 (American Society of Testing and Materials Standard, or ISO 4260). Once the correct blend factor has
been determined, multiply this by the volume of fuel to be blended. The resultis the amount of this oil that can be blended
with this fuel and remain within legal limits. Similar restrictions and processes must be followed worldwide where
regional or national regulations can impose such sulfur limits.

As an example, consider 50,000 gallons of fuel with a sulfur content of 0.04 percent by weight and lubricating oil with
a sulfur content of 0.5 percent by weight. Of this oil, 450 gallons can be blended with 50,000 gallons of this fuel and
remain within legal limits for sulfur content in the United States. Margins must be allowed for measurement errors.

Blending Fuel with Fuel

Cummins recommends the use of a premium diesel fuel during winter (ambient conditions at -7°C [20°F] or below)
operating conditions. See Additives section of this bulletin.

In cold-weather operation, the most common method of preventing fuel waxing problems is to dilute heavier, higher
wax content fuels such as U.S. Number 2-D diesel fuel with lighter, lower wax content fuels such as Number 1-D diesel
or jet fuel. This reduces the concentration of wax, and thereby reduces both the cloud point and pour point. Blended
fuels of this nature are more expensive to use both because they cost more and because they have a lower thermal
energy content. A typical blended fuel contains 30 to 60 volume-percent light distillate fuel, usually yielding a 3to 7°C
[5 to 12°F] drop in cloud point, and a 5 to 11°C [3 to 20°F] drop in pour point. Lower wax content fuels must be added
BEFORE wax forms to be effective.
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Blending Fuel with Gasoline, Gasohol, and Alcohol

A WARNING A

Under no circumstances must gasoline or alcohol be used to dilute diesel fuel. This practice creates an extreme
fire hazard and under certain circumstances an explosive hazard. Gasoline dilution is not an effective way to
fower cloud point (20 volume-percent gasoline only lowers cloud point 4°C [7°F] and it lowers the fuel viscosity,
cetane number, and flash-point). Alcohol dilution will increase the cloud point.

Additives

This section gives information on the use of fuel additives in Cummins engines including the use of bio-diesel and water
emulsifiers.

Cummins Inc. neither approves nor disapproves of the use of any fuel additive, fuel extender, fuel system modification,
or the use of any device not manufactured or sold by Cummins Inc. or its subsidiaries. Engine damage, service issues,
or performance problems that occur due to the use of these products are not considered a defect in workmanship or
material as supplied by Cummins Inc, and can not be compensated under the Cummins warranty.

Fuel Additives

Cummins engines are designed, developed, rated, and built to operate on commercially available diesel fuel as listed
in Required Diesel Fuel Specifications; therefore, it is not our policy to recommend fuel additives.

In extreme situations, when available fuels are of poor quality or problems exist which are peculiar to certain operations,
additives can be used. However, Cummins recommends consultation with the fuel supplier or Cummins Service
Engineering Department prior to use of fuel additives.

Among the situations where additives can prove useful are the following:

. A cetane improver additive can be used with low certain fuels.

. A pour point depressant or flow improver additive can help with high pour paint fuels.

. A wax crystal modifier can help with fuels with high cold filter plugging points (CFPP).

. An anti-icer can help prevent ice formation in wet fuel during cold weather.

. Fleetguard's Fleet-tech™ Winter Conditioner (pint - CC2591, quart - CC2582, 2.5 gallon - CC2595, 5 gallons -
CC2593, 55 gallons - CC2594, and bulk - CC2590) can be used to improve the pour point and cold filter plugging
point of diesel fuels in addition to preventing ice formation in wet fuels during cold storage. Although other additives
are available that may provide some winter performance benefits, Fleet-tech™ Winter Conditioner is the only diesel
fuel additive recommended by Cummins for winter performance improvements.

6. An anti-oxidant or storage stability additive can help with fuel system deposits and poor storage stability.

7. Alubricity enhancer can be used to increase the lubricity of fuels so that they meet the requirements given in table

[ AN R

1.

8. Cummins Premium Plus - Diesel Fuel Additive or Fleetguard's Fleet-tech™ Asphaltene Conditioner (quart - CC2597
and 2.5 gallon CC2596) can be used to clean carbon deposits from injectors and improve lubricity in fuels that
fall below the recommended lubricity specification in Table 1. Although other additives may provide some per-
formance benefits, Premium Plus and Fleet-tech™ Asphaltene Conditioner are the only diesel fuel additives
recommended by Cummins for use with fuels that do not meed the lubricity specification in Table 1.

9. A biocide or fungicide can help when fuels are prone to contamination with bacteria or fungus. Although other
additives may provide some performance benefits, Fleet-tech™ Microbicide (quart - CC2661 and gallon - CC2662)
is the only product recommended by Cummins to treat fuels with biclogical contamination problems.

Premium diesel fuels can possibly contain several additives that can accomplish the same as buying additives and
adding them to lower quality diesel fuel. A premium diesel fuel is defined by the Worldwide Fuel Charter as described
on page 1. ;

Cummins recommends the use of a premium diesel fuel during winter (ambient conditions at -7°C [20°F] or below)
operating conditions.

Great care must be exercised in the choice and use of additives. Some fuel additives can be harmful to the engine.
Fuel additives containing ash forming materials will cause combustion chamber deposits. Most legitimate fuel additives
perform only one function. Multifunctional fuel additives are mixtures of several additives. All fuel additives perform
differently in different fuels; therefore, the additive used must be one to which the fuel will respond. There are no known
additives that increase the power or improve the efficiency of a properly maintained engine.

NOTE: Cummins Inc. accepts no liability for engine damage resulting from the use of fuel additives which are not
specifically recommended by Cummins.

Bio-Diesel Fuel

With increased interest in emissions and reducing the use of petroleum distillate based fuels, many governments and
regulating bodies encourage the use of bio-fuels. Bio-diesel fuels must be considered experimental at this time.
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Bio-diesel fuels are methyl/ethyl ester-based oxygenates derived from a broad variety of renewable sources such as
vegetable oils, animal fats, and cooking oils. Their properties are similar to diesel fuel, as opposed to gasoline or
gaseous fuels, and thus are capable of being used in compression ignition engines. Soy Methyl Ester (SME) or some
SME Diesel is the most common bio-diesel in the United States and is derived from soybean oil. Soy Diesel is a
bio-diesel or petro-diesel blend based on SME. Rape Methyl Ester (RME) Diesel is the most common bio-diesel in
Europe and is derived from rapeseed oil. These fuels are collectively known as Fatty Acid Methyl Esters (FAME).

Cummins test data on the operating effects of bio-diesel fuels indicates that typically smoke, power, and fuel economy
are all reduced. However, as there are no firm industry standards on the content and properties for bio-fuels, consistency
and predictability of bio-diesel operation is not well documented. There are provisional specifications for FAME issued

in Germany under DIN V 51 606 and also recently through ASTM as PS121; however, these standards are under
development and are subject to change.

Cummins certifies its engines using the prescribed EPA and European Certification Fuels. Cummins does not certify
engines on any other fuel. It is the user's responsibility to use the correct fuel as recommended by the manufacturer
and allowed by EPA or other local regulatory agencies. In the United States, the EPA allows use of only registered fuels
for on-highway applications. The EPA has additional alternative fuel information at: http://www.epa.gov/otaq/
consumer/fuels/altfuels/altfuels.htm.

It is the responsibility of the user to obtain the proper local, regional, or national exemptions required for the use of
bio-diesel in any emissions regulated Cummins engine.

Warranty and the Use of Bio-Diesel Fuel in Cummins Engines

Cummins neither approves nor disapproves of the use of bio-diesel fuel blends. There is a major difference between
operating on pure (100 percent concentration) bio-diesel fuels and bic-diesel or petro-diesel fuel blends. Cummins is
not in a position to evaluate the many variations of bio-diesel fuels, and the long-term effects on performancs, durability
or emissions compliance of Cummins products. The use of bio-diesel fuel does not affect Cummins materials and
workmanship warranty. Failures caused by the use of bio-diesel fuels or other fuel additives are not defects of Cummins
parts or workmanship and therefore would not be covered by Cummins warranty.

Given the current industry understanding of bio-fuels and blending with quality diesel fuel, it would be expected that
blending up to a 5 percent volume-concentration should or most probably will not cause serious problems. This is
consistent with the position taken by worldwide fuel system manufacturers.

For customers intent on blending bic-fuels above a 5 percent volume-concentration, the following concerns represent
what is currently known in the industry. Concentrations beyond 5 percent by volume can have an adverse affect on
the engine's performance and the fuel system integrity or durability. The affects are more serious with increasing
concentration levels. Areas of concern when operating with bio-diesel fuels include low temperature operability (fuel
gelation, filter plugging), heat content (poor fuel economy), and storage and thermal stability (filter plugging, injector
deposits). In addition, from our fuel systems suppliers, the following issues are also noted:

Swelling and hardening or cracking of some elastomer seals within the fuel system or engine

Corrosion of fuel system and engine hardware, especially aluminum and zinc

Solid particle blockage of fuel nozzles and passages

Filter plugging

Injector coking

Higher injection pressures due to physical flow properties, reduced fuel system life

Added stress and heat to injection components, especially rotary fuel pumps

Increased pump seizures and early life failures

Poor fuel spray atomization, reduced fuel economy

Poar lubricity, reduced service life of fuel pump and fuel system.

Pure bio-diesel fuel is not stable and its acid content increases over time which can damage powdered metal
components.

Operational Factors to Consider:

— The oil change interval can be affected by the use of bio-diesel fuel. End users are advised to use oil sampling
to monitor the engine oil condition and to determine the optimum oil change interval. Pure bio-diesel fuel
can cause a chemical reaction with lube oil resulting in oil sludging.

— Bio-diesel provides approximately 5-7 percent less energy per gallon of fuel when compared to distillate
fuels. To avoid engine problems when the engine is converted back to 100 percent distillate diesel fuel, do
not change the engine rating to compensate for the power loss when operated with bio-diesel fuels.

— Elastorner compatibility with bio-diesel is still being monitored. The condition of seals, hoses, gaskets, and
wire coatings must be monitored regularly.

— Bio-diesel fuels can pose low ambient temperature problems for both storage and operation. At low ambient
temperatures, fuel can possibly need to be stored in a heated building or a heated storage tank. The fuel
system can require heated fuel lines, filters, and tanks. Filters can plug and fuel in the tank can solidify at
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low ambient temperatures if precautions are not taken. Consult your bio-diesel supplier for assistance in
the blending and attainment of the proper cloud point fuel.

— Bio-diesel has poor oxidation stability which can result in long term storage problems. The poor oxidation
stability qualities can accelerate fuel oxidation in the fuel system. This is especially true in engines with
electronic fuel systems because they operate at higher temperatures. Consult the fuel supplier for oxidation
stability additives.

— Bio-diesel fuel is an excellent medium for microbial growth. Microbes cause fuel system corrosion and
premature filter plugging. The effectiveness of conventional anti-microbial additives, when used in bio-
diesel, is not known. Consult your fuel and additive supplier for assistance.

— Care must be taken to remove water from fuel tanks. Water accelerates microbial growth. Water is naturally
more prevalent in bio-diesel fuels than in distillate fuels.

Water-Emulsions

Water, up to 20 percent, can be blended into fuel with the use of some fuel additives such as detergents. The milk-like
water emulsified diesel fuel is often referenced as an emission reducing fuel. The reduction of emissions normally range
from 8 to 30 percent depending on engine type, operating conditions, and engine calibrations. Cummins engines are
not tuned specifically to this kind of fuel, therefore can not warrant the reduction of emissions.

Since water is not combustible, the emulsified fuel usually results in fuel economy reduction of 15 percent or more.

Other potential problems include water separation and water related problems like corrosion, change of ignition timing,
and fuel system wear.

Cummins Inc. neither approves nor disapproves of the use of water emulsified fuels. Engine damage, service issues
or performance problems that occur due to the use of these products are not considered a defect in workmanship or
material as supplied by Cummins Inc. and can not be compensated under the Cummins warranty.

Oxy-Diesel or E-Diesel
A WARNING A

Do not mix gasoline, alcohol, or gasohol with diesel fuel. This mixture can cause an explosion.

A WARNING A

Under no circumstances must gasoline or alcohol be used to dilute diesel fuel. This practice creates an extreme
fire hazard and under certain circumstances an explosive hazard. Gasoline dilution is not an effective way to
lower cloud point (20 volume-percent gasoline only lowers cloud point 4°C [7°F] and it lowers the fuel viscosity,
cetane number, and flash-point). Alcohol dilution will increase the cloud point.

Alcohol is considered a renewable energy source. Some suppliers integrate up to 15 percent alcohol in diesel fuel to
form oxy-diesel or e-diesel. While the use of special additives addresses some of the problems with alcohol blending
in diesel fuel, Cummins recommends against the use of such blends due to safety reasons. This kind of fuel is
considered experimental and is not covered by warranty. Engine damage, service issues or performance problems that
accur due to the use of these products are not considered a defect in workmanship or material as supplied by Cummins
Inc. and can not be compensated under the Cummins warranty.

Fuel Filters
This section explains the types of fuel filters and their uses.

Fuel filters are standard equipment on all Cummins engines. They are designed to remove water and harmful particles
from the fuel before they damage the fuel pump and other engine components.

Effective September 1, 1991, Cummins Inc. requires a fuel-water separator or fuel filter and water separator combination
be installed in the fuel supply system, This requirement applies to all 1991 and later automotive certified engines and
all future automotive engines. In addition to this requirement, Cummins Inc. recommends that a fuel-water separator
or fuel filter and water separator combination be installed in the fuel supply system on all Cummins engines regardless
of application.

NOTE: It is strongly recommended that the “N' and "L series engines, built with CELECT™ and STC prior to
September 1, 1991, be up-fitted with a fuel-water separator.

Water can be introduced to a diesel engine's fuel system In two ways. Water can be present in the fuel and enter the

engine's supply tank at fill-up or water that is normally in the air above the fuel can condense on the walls of the fuel
tank.

Water in diesel fuel is normally present as both free and emulsified water. Free water settles to the fuel tank bottom
where it can be drained. Emulsified water stays in suspension where it can enter the fuel lines, fuel pump, and injectors.
Once this suspended water is in the fuel system, it can cause corrosion and failure of key fuel system components.
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Throw Away Canister

The standard fuel filter is the spin-on element. These filters contain a porous, pleated, chemically treated paper element
that will pass fuel freely but trap impurities and sediment.

When the element is serviced, it is simply detached from the fuel filter head assembly, discarded, and replaced with
a new element. The element must be tightened to the manufacturer's specifications.

NOTE: Do not pour fuel from an old fuel filter into a new filter in an effort to prime the fuel system. Use only clean
fuel to prime the fuel system. It is not necessary to add fuel to a new fuel filter if the engine is equipped with an electric
fuel transfer pump. Fuel systems on these engines can be primed by turning the vehicle keyswitch on and off several
times to activate the fuel transfer pump.

A CAUTION A

Overtightening will distort the filter cartridge or crack the filter head. Do not use a filter element that has been
dented or damaged prior to, or during, installation.

Replaceable Element Type

Ancther type of fuel filter used on Cummins engines has a replaceable pleated paper element.
Pre-Filters

Midrange B and C series engines require the use of a fuel pre-filter (150 micron maximum).
Fuel-Water Separators

Free and emulsified water can be removed from the fuel. Integral fuel filter and water separators are available that
remove both free and emulsified water with varying degrees of efficiency. The standard fuel filter (FF105, FF202, FF213,
FF5052) does remove some free and emulsified water, but with low efficiency. Due to the above facts and the
requirement that a fuel-water separator or fuel filter and water separator be installed in the fuel supply system, Cummins
has increased the requirements for free water and emulsified water removal. For engines with CELECT™ or HPI fuel
systems, the fuel-water separator or fuel filter and water separator combination must remove a minimum of 85 percent
of free water (per SAE J1839) and 95 percent of emulsified water (per SAE J1488). Fuel-water separator filters produced
by Fleetguard® and most other major filter manufacturers meet or exceed these requirements.

Cummins engines with either CELECT™ or HPI fuel systems are factory fit with Fleetguard® fuel-water separators that
utilize StrataPore™ filter media. These StrataPore™ filters provide high efficiency removal of harmful particles and both
free and emulsified water.

The fuel-water separator requires daily draining. See Owner's Manual or Operation and Maintenance Manual for other
regular service intervals of fuel filters.

NOTE: The drained fluids (mixture of water and fuel) must be properly disposed of according to regulations.

Table 1 lists the Cummins and Fleetguard® fuel filters that are available from Cummins Distributors and Dealers. Change
or clean the fuel pre-filter, if so equipped.

Fuel Filter Maintenance

Fuel filters must be changed periodically to prevent restriction of fuel flow from the fuel tank to the fuel pump. Change
fuel filters as recommended by the appropriate Cummins Engine Operation and Maintenance Manual.

Check the fuel restriction when operating under severe conditions in order to determine if additional fuel filter changes
are needed. These measurements must be taken at full load and peak power on engines with PT® andin-line fuel pumps
or high idle with no load on Celect™ model engines. After checking the restriction a few times, a maintenance schedule
for fuel filter changes can be established for each type of operation.

2k Table 3: Fuel Filter Part Numbers
Fleetguard® Cummins Part Length mm [in] | Outside Diameter Used On
Model Number Number mm (in]
FF-104 3315846" 107 [4.2] 94 [3.7) L10, NT, Small Vee, Medium
Vee, K19 fuel filter
FF-105 3315844* 137 [5.4] 94 [3.7) L10, NT, Small Vee, Medium
PR Vee, K19 fuel filter
FF-105-D (with 3315847" 152 [6.0] 94 [3.7] L10, NT, Small Vee, Medium
drain) Vee, K19 fuel filter
FF-202 3313306* 286 [11.3] 118 [4.7 V28, K38, K50 fuel filter
FF-213 3300901" 174 [6.9] 94 [3.7 NT fuel filter
FF-5052 3931063° 116 [4.6] 77 [3.0 Midrange fuel filter
(Continued)
Annis Water Resources Institute MR-2003-111

Grand Valley State University 17 of 62



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

Fuels for Cummins Engines

Page 12
Table 3: Fuel Filter Part Numbers
Fleetguard® Cummins Part Length mm [in] | Outside Diameter Used On
Model Number Number mm [in
_FS-1280 3930942 162 [6.4] 94 [3.7 Midrange fuel-water separator
FS-1212 3315843 174 [6.9] 94 [3.7 L10, NT, and K19 and QSK19
fuel-water separator
FS-1216 3313304 308 [12.1] 118 [4.7] V2tg and KV fuel-water sepa-
rator
F5-1251 3286503 141 [5.6] 77 [3.0] Midrange fuel-water separator
FS-1232 3834656 115 [4.5] 77 [3.0] Fuel-water separator for
B-Series in pre-1994 Dodge
Ram (distributor fuel pumps
. only)
FS-1232V 3912104 170 [6.7] 77 [3.0] Fuel water separator for
B-Series in pre-1994 Dodge
Ram (distributor fuel pumps
only)
FS-1253 3923108 118 [4.6] 94 [3.7] Fuel-water separator for

B-Series In 1994 through
3 1996 Dodge Ram
FS-1253V 3865402 173 [6.8) 94 [3.7] Fuel-water separator for
B-Series in 1994 through
1996 Dodge Ram

FS-1000 3329289" " 249 [0.8] 94 [3.7] Fuel-water separator for M11,
A N14, ISM/QSM, and K19/QSK
FS-1001 3413084** 203 [8.0 94 [3.7] Short version of FS-1000
FS-1003 3406889* * 250 [9.8 94 [3.7] ISM/QSM fuel-water separator
FS-1006 3089916** 310 [12.2] 120 [4.7] OtS K45/60/78 fuel-water sepa-
rator
FS-1007 4010650*~ 298 [11.7] 118 [4.7] ISX/QSX fuel-water separator
FS-1022 3800394 * 238 [9.4] 94 [3.7] SC/QSC fuel-water separator
FS-1040 4010651** 298 [11.7] 118 [4.7] SX/QSX fuel-water separator
FS-19519 3942533" " 148 [5.8] 94 [3.7 SB/QSB fuel-water separator
FS-19519V 3894519~ " 148 [5.8] 94 [3.7 ISB/QSB fuel-water separator
FS-19528 3931476 110 [4.4] 105 [4.1] Fuel-water separator for

B-Series in 1997 through
1999 Dodge Ram
FS-19579 3945213** 103 [4.1] 87 [3.4] Fuel-water separator for 1996
through current midrange
(2000 and 2001 Dodge Ram)
These filters are recommended only when using a standalone water separator.

** These filter utilize StrataPore™ filter media.

Fuel restriction can be checked as follows. Refer to the appropriate troubleshooting and repair manual for more detailed
instructions.

1. On the PT® fuel system, measure the restriction at the suction side (inlet) of the fuel gear pump. Change the filter
element if the restriction is above 203 mm Hg [8 in Hg].

2. On in-line or distributor fuel systems, measure the restriction at the inlet of the fuel lift pump. Also measure the
pressure drop across the fuel filter and the pressure at the inlet to the fuel injection pump. Change the filter element
if the pressure drop across the filter is more than 34 kPa [5 psi].

3. Onthe CELECT™ system, measure the restriction at the suction side (inlet) of the fuel gear pump. Change the filter
element if the restriction is above 254 mm Hg [10 in Hg].

4, On the HPI-TP system (ISX/QSX/Signature) there are different test locations and limits depending on the engine
option. See the engine Troubleshooting and Repair Manual for specific instructions.

5. On the CAPS system, measure the restriction at the inlet of the fuel gear pump. Change filter if restriction is above
254 mm Hg [10 in Hg].

8. On the Quantum system, there are different test locations and limits depending on the engine option. See the
engine troubleshooting and repair manual for specific instructions.

NOTE: If the restriction exceeds these limits, the fuel flow to the pump will be reduced and engine power will decrease.
Hot Restarts
This section shows how contingency fuels affect the ability of the engine to restart while still hot.
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On Cummins engines which use a distributor type fuel system, the use of contingency fuels can cause difficulty
restarting the engine while it is still hot. In addition, if excessive wear exists in the fuel pump, the same difficulty can
occur even when using fuels within the range listed in Required Diesel Fuel Specifications, The problem is caused by
excessive leakage of fuel around the internal components of the fuel pump. Fuel leakage becomes excessive due to
the high temperatures and low viscosity of the fuel. Excessive wear of the fuel pump components will make the problem
worse. The leakage can become so great that the pump will not produce the fuel rate necessary to restart the engine.
If this problem is encountered, it can be corrected by using fuel which meets the specifications in the Required Diesel
Fuel Specifications section of this bulletin. If this does not correct the problem, repair or replacement of worn fuel pump
components is necessary.

Alternate or contingency fuels can cause difficulty restarting a hot engine. The hot restart complaint can be caused
by fuel burning prematurely during the first compression stroke. Lighter alternate or contingency fuels can enter the
cylinder through an open injector caused by the thermal expansion that occurs during the heat soak after engine shut
down. The burning fuels increase the starting cylinder pressure and increase the amount of torque needed to start the
engine. Lighter alternate or contingency fuels with lower flash points increase the probability of fuel entering and bu rning
in the cylinder. This issue can, on occasion, occur when using fuels that meet the required properties listed in Table
1. Various Hot Restart kits (sometimes referred to as a Hot Start Knock kit) have been released by Cummins to address
this issue.

If this complaint is encountered, it can be corrected by using fuels which meet the requirements in the Required Diesel
Fuel Specifications section of this bulletin. If this does not correct the hot restart complaint or if the recommended fuel
can not be used, refer to the Service Information Bulletin Number, 90SIB6-1,

Common Issues With Winter Fuel
This section presents the various winter fuel issues and methods of dealing with them.

Two winter fuel handling issues, wax and ice, have annoyed diesel operators for years. There is no solution to sither
of these problems that is ideal for all situations, but the better one understands the problem, the less difficult the process
of finding a solution becomes. Determining whether a low power complaint Is due to fuel filter plugging complaint is
fairly simple: replace the fuel filter with a new filter. If this allows the vehicle to operate normally even for a short period
of time, then obviously something in the fuel is plugging the filter and causing the complaint. A simple way of determining
whether the filter plugging is caused by wax or ice is to bring the plugged filter into a warm shop, drain out the liquid
fuel, place the filter upside down on a piece of paper or in a shallow pan, and allow the filter to warm to room temperature.
If there is ice in the filter, it will melt and run out of the filter and the water on the paper or in the pan will be obvious.
Most petroleum wax, on the other hand, will not melt at room temperature. To speed the analysis pracess, the filter
can be cut open and spread out. Once the cause of the low power complaint is determined, then a logical solution can
be chosen.

Fuel Wax

Allmiddle (orintermediate) distillate fuels, such as jet fuels, heating fuels, and diesel fuels, contain paraffin wax. Paraffin
wax is a solid, crystalline mixture of straight-chain or normal hydrocarbons melting in the approximate range of 40 to
60°C [104 to 140°F]. This paraffin wax occurs naturally in the crude oil from which fuel oils are distilled. The wax content
of a distillate fuel varies greatly, depending on the crude oil from which the fuel is produced and in the processing of
the fuel. Generally, higher boiling distillate fuels, such as U.S. Number 2-D diesel fuel, have a higher concentration
of paraffin wax than lower boiling distillate fuels, such as jet fuel.

Because of the strong relationship between temperature and solubility of wax, wax separation is a problem in handling
and using diesel fuel during cold weather. As fuel cools, a temperature is reached at which the soluble paraffin wax
in the fuel begins to come out of solution (Cloud Point); any further cooling will cause wax to separate out of solution.
The temperature at which a certain fuel will become saturated withr'wax and causes filter plugging problems is termed
the Cold Filter Plugging Point (ASTM D 6371). The temperature at which fuel will no longer flow is the Pour Point (ASTM
D-87). At the pour point, most of the fuel is still liquid oil although it is very thick or viscous and trapped in a
honeycomb-lick network of wax crystals.

Since diesel powered equipment is frequently used at temperatures low enough to cause wax to separate, a number
of techniques have been devised to prevent the wax from causing problems by plugging fuel screens, lines, filter, and
so on, and preventing fuel flow to the engine. Vehicles designed to operate at very low temperatures have provisions
for heated fuel tanks, insulated fuel lines, heated fuel filters and other mechanisms to warm the fuel so that the wax
does not separate. These more elaborate systems are usually not practical in more temperate climates where they
are needed only a few days a year.

Fuel Filters
Fuel filters have already been discussed in detail in the Fuel Filters section of this bulletin. The only additional

consideration in terms of common issues with winter fuels is that using a large filter or multiple filters in parallel will
allow more fuel wax to be filtered before a pawer loss occurs. Also, relocating the fuel lines and filter out of the

Annis Water Resources Institute 19 of 62 MR-2003-111
Grand Valley State University 0



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

Fuels for Cummins Engines
Page 13

On Cummins engines which use a distributor type fuel system, the use of contingency fuels can cause difficulty
restarting the engine while it is still hot. In addition, if excessive wear exists in the fuel pump, the same difficulty can
occur even when using fuels within the range listed in Required Diesel Fuel Specifications. The problem is caused by
excessive leakage of fuel around the internal components of the fuel pump. Fuel leakage becomes excessive due to
the high temperatures and low viscosity of the fuel. Excessive wear of the fuel pump components will make the problem
worse. The leakage can become so great that the pump will not produce the fuel rate necessary to restart the engine.
If this problem is encountered, it can be corrected by using fuel which meets the specifications in the Required Diesel
Fuel Specifications section of this bulletin. If this does not correct the problem, repair or replacement of worn fuel pump
components is necessary.

Alternate or contingency fuels can cause difficulty restarting a hot engine. The hot restart complaint can be caused
by fuel burning prematurely during the first compression stroke. Lighter alternate or contingency fuels can enter the
cylinder through an open injector caused by the thermal expansion that occurs during the heat soak after engine shut
down. The burning fuels increase the starting cylinder pressure and increase the amount of torque needed to start the
engine. Lighter alternate or contingency fuels with lower flash points increase the probability of fuel entering and burning
in the cylinder. This issue can, on occasion, occur when using fuels that meet the required properties listed in Table

1. Various Hot Restart kits (sometimes referred to as a Hot Start Knock kit) have been released by Cummins to address
this issue.

If this complaint is encountered, it can be corrected by using fuels which meet the requirements in the Required Diesel
Fuel Specifications section of this bulletin. If this does not correct the hot restart complaint or if the recommended fuel
can not be used, refer to the Service Information Bulletin Number, 90SIB6-1,

Common Issues With Winter Fuel
This section presents the various winter fuel issues and methods of dealing with them.

Two winter fuel handling issues, wax and ice, have annoyed diesel operators for years. There is no solution to sither
of these problems that is ideal for all situations, but the better one understands the problem, the less difficult the process
of finding a solution becomes. Determining whether a low power complaint is due to fuel filter plugging complaint is
fairly simple: replace the fuel filter with a new filter. If this allows the vehicle to operate normally even for a short period
oftime, then obviously somethingin the fuel is plugging the filter and causing the complaint. A simple way of determining
whether the filter plugging is caused by wax or ice is to bring the plugged filter into a warm shop, drain out the liquid
fuel, place the filter upside down on a piece of paper or in a shallow pan, and allow the filter to warm to room temperature.
If there is ice in the filter, it will melt and run out of the filter and the water on the paper or in the pan will be obvious.
Most petroleum wax, on the other hand, will not melt at room temperature. To speed the analysis process, the filter

can be cut open and spread out. Once the cause of the low power complaint is determined, then a logical solution can
be chosen.

Fuel Wax

Allmiddle (orintermediate) distillate fuels, such as jet fuels, heating fuels, and diesel fuels, contain paraffin wax. Paraffin
wax is a solid, crystalline mixture of straight-chain or normal hydrocarbons melting in the approximate range of 40 to
60°C [104 to 140°F]. This paraffin wax occurs naturally in the crude oil from which fuel oils are distilled. The wax content
of a distillate fuel varies greatly, depending on the crude oil from which the fuel is produced and in the processing of
the fuel. Generally, higher boiling distillate fuels, such as U.S., Number 2-D diesel fuel, have a higher concentration
of paraffin wax than lower boiling distillate fuels, such as jet fuel.

Because of the strong relationship between temperature and solubility of wax, wax separation is a problem in handling
and using diesel fuel during cold weather. As fuel cools, a temperature is reached at which the soluble paraffin wax
in the fuel begins to come out of solution (Cloud Point); any further cooling will cause wax to separate out of solution.
The temperature at which a certain fuel will become saturated withrwax and causes filter plugging problems is termed
the Cold Filter Plugging Point (ASTM D 6371). The temperature at which fuel will no longer flow is the Pour Point (ASTM
D-87). At the pour point, most of the fuel is still liquid oil although it is very thick or viscous and trapped in a
honeycomb-lick network of wax crystals.

Since diesel powered equipment is frequently used at temperatures low enough to cause wax to separate, a number
of techniques have been devised to prevent the wax from causing problems by plugging fuel screens, lines, filter, and
so on, and preventing fuel flow to the engine. Vehicles designed to operate at very low temperatures have provisions
for heated fuel tanks, insulated fuel lines, heated fuel filters and other mechanisms to warm the fuel so that the wax
does not separate. These more elaborate systems are usually not practical in more temperate climates where they
are needed only a few days a year.

Fuel Filters
Fuel filters have already been discussed in detail in the Fuel Filters section of this bulletin. The only additional

consideration in terms of common issues with winter fuels is that using a large filter or multiple filters in parallel will
allow more fuel wax to be filtered before a pawer loss occurs. Also, relocating the fuel lines and filter out of the

Annis Water Resources Institute 20 of 62 MR-2003-111
Grand Valley State University Y



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

Fuels for Cummins Engines
Page 14

wind-stream and wheel splash and into the engine compartment near the engine block will help keep them warm.
Engine Idling

A CAUTION A

Do not idle the engine for excessively long periods of time. Long periods of idling (more than 10 minutes) can
damage an engine because combustion chamber temperatures drop so low the fuel may not burn completely.
This will cause carbon to form in the injector spray holes and on the piston rings and can result in stuck valves.

Additives

There are a number of fuel additives available which reduce the pour point and cold filter plugging point (CFPP) of diesel
fuel. These are commonly referred to as pour point depressant additives, cold flow improver additives, wax crystal
modifiers, or fluidity improver additives (and can be collectively termed “Winter Additives”). Certain additives can reduce
the Pour Point by as much as 70°F and the CFPP by as much as 30°F. A survey of winter blend fuels by the Bureau
of Mines (now a part of the Energy Research and Development Administration) revealed that a large percentage of the
commercially marketed diesel fuels had been treated with a winter additive. Before purchasing such an additive to treat
fuel, ask the fuel supplier whether the fuel already contains a winter additive. Depending on the amount and type of
additive already in the fuel, additional additization may or may not be necessary.

These additives alter the size and shape of wax crystals allowing pumping of fuel at lower temperatures. Although
certain additives can be very effective, they are not a cure all. Their performance varies depending on the paraffin type
and content of the fuel treated. Severe weather applications may require fuel warmers in addition to additives. Although
other additives are available that may provide some benefits, Fleetguard’s Fleet-tech™ Winter Conditioner is the only
fuel additive recommended by Cummins to help prevent filter gelling in cold weather applications.

Fuel Warmers

Warming diesel fuel just prior to filtration is an excellent method of preventing fuel filter plugging. If cold fuel is warmed
sufficiently, the wax crystals will dissolve in the fuel. The dissolving requires warming to a temperature of approximately
11 to 22°C [20 to 40°F] above the fuel's cold filter plugging point.

|n order for a fuel warmer to reliably prevent fuel filter plugging due to wax, it must be capable of supplying enough
heat to the fuel at the maximum fuel flow (not just fuel consumption) rate to raise the fuel temperature from the lowest
expected fuel temperature (probably the lowest expected ambient temperature) to 11 to 22°C [20 to 40°F] above the
fuel’s cold filter plugging point. There are four different fuel warmers presently offered by Fleetguard® to raise the
temperature of the inlet fuel.

1. Fuel Filter Heater - The Fleetguard® Positive Temperature Coefficient (PTC) fuel filter heats the fuel befare the fuel
flows into the fuel filter. The heater Is installed on the fuel filter head. Most complaints of fuel waxing occur in the
fuel filter. The heater uses ceramic discs that sense the fuel temperature and heats the fuel to a temperature just
above the cloud point.

The PTC heater is self-regulating. Depending on battery voltage, the heaters use from 6 to 256 amps at maximum output.
When no heat is required, the heater uses less than 0.5 amp. The heater can be left on during engine operation or
it can be turned off with the cab switch. The heater reaches full heating capacity in about two minutes. The PTC heater
kit is available (see Table 4).

Table 4: Fuel Filter Heaters

Watts Fleetquard® Part Number
300 3836029-5

A Fleetguard® kit, Part Number 3837317-S, adapts the heater to most fuel filter heads with 1 in-14 threads. Refer to
the fallowing fuel filter list. The heater adds about one inch in height to the fuel filter head assembly.

Fuel Filter List with 1 in =14 Threads

FF-104 FF-213
__FF=105 FF-105C
FS-1242(B) FS-1001

FS-1000 FS-1212

FF-105D FS-1003

The Fleetguard® kit, Part Number 3832054-S, adapts to FS-1251 filter.

2. Recirculating Fuel Warmer - Part Number 3305782, can be used to warm inlet fuel for flow up t0 9.5 I/pm 2.5 gpm].
The unit circulates engine coolant around the inlet fuel to warm the fuel. The unit is most effective when immersion
or tank heaters are used to warm the coolant, An optional thermostat, Part Number 3305783, can be used to bypass
fuel when 27°C [80°F] is reached. Use Table 5 to determine the performance capability of this fuel warmer for

Annis Water Resources Institute MR-2003-111
Grand Valley State University 21 of 62



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

Fuels for Cummins Engines

Page 15
different operating conditions.
Table 5: Recirculating Fuel Warmer, Part Number 3305782 - Performance Data
* Temperature Rise Chart
Inlet Fuel Temperature Outlet Fuel Temperature (°F) Fuel Flow Rate

(°F) 2-1/2 GPM 1-1/2 GPM 1/2 GPM
-30 32 38 52
-10 39 45 55

10 47 53 59

30 60 62 67

50 71 74 77
70 85 87 88

3. Thermo Blend - The Fleetguard® Thermo Blend fuel warmer recirculates warm deaerated drain fuel from the engine
to the filter and injection system, rather than allowing it to return to the tank. A 10 to 15 minute engine-running
warm up period is usually necessary to provide successful operation. A built-in thermostat automatically bypasses
fuel at 43°C [110°F]. Part Number 3310200 must be used for all Midrange and Heavy Duty diesel engines. Part
Number 3308750 must be used for all heavy duty off-highway equipment (such as 12 and 16 cylinder engines).

4, Thermo Blend FM, Part Number 3310630 - The Fleetguard® Thermo Blend FM fuel warmer combines the return
fuel heating principle with a special filter head. When used with Cummins Part Number 3315843 (Fleetguard® Part
Number FS-1212) fuel-water separator, it provides fuel dewaxing, water removal, and filtration. A built-in thermostat
automatically bypasses fuel at 21°C [70°F]. When using fuel warmers, do not overheat the fuel. The maximum
fuel temperature at the inlet to the fuel pump is 70°C [158°F]. Alterations of heating devices must be reversible,
or have some means to turn them off during warm weather operation. The fuel tank is heated by the injector return

(drain) fuel from the engine. On typical installations, the cooling effect of the tank maintains fuel temperatures at
an acceptable level. .

On some installations, such as acoustically enclosed units, little cooling of the tank occurs because of the design. On

these installations, a fuel oil cooler can be used to limit the temperature of the fuel at the fuel pump inletto 70°C [158°F]
or less.

Depending on the particular engine model involved, the engine horsepower will begin to decrease slightly above fuel
inlet temperatures of 46°C [115°F]. The percent of power loss is not as great on engines with the Cummins PT® fuel
system (less than 1 percent per 5°C [9°F]), due to the inherent viscosity compensating characteristics (see Power Loss
section in this bulletin). Operation above 70°C [158°F] is not recommended due to the loss of the lubricating quality
of the fuel with resultant wear to the fuel system components which depend on fuel for lubrication. A fuel warmer will
not help if the fuel is below the pour point and can not be pumped to the warmer; therefore, in extremely cold conditions,
fuel can be treated with light distillate fuel or treated with a pour point depressant to reduce the pour point, or it can
be necessary to heat the fuel to allow it to flow.

When using fuel warmers that use engine coolant as a source of heat, some form of coolant heating during shutoff
will allow the heater to become effective much more quickly after start-up. These fuel warmers must also be checked
for leaks. Since the fuel warmer is on the suction side of the fuel pump and the cooling system is pressurized, any small
leak will allow coolant to enter the fuel system.

Other Considerations

Wax in the fuel will deposit in any restriction or sharp bend in the fuel plumbing system. If fuel starvation occurs during
cold-weather operation and plugged fuel filters are not found, look for plugging of tank pick-up screens, sharp bends
in the fuel lines, fittings, and so forth.

Water Contamination

Free water (non-dissolved) in the fuel can freeze at low temperatures and the resulting ice crystals can plug fuel filters
causing fuel starvation. Care must be taken to keep fuel storage tanks dry. Tanks can be “stuck” often with water

detecting paste (usually obtainable from fuel suppliers) to be sure they are dry. If water is detected, it must be pumped
out.

Keeping bulk fuel storage tanks dry has already been mentioned; however, if this is a persistent issue, a dryer (fuel-water
separator) can be installed on the bulk fuel dispensing system.

Condensation in the vehicle fuel tank(s) occurs when the air in the fuel tank(s) cools down during a shutdown period.
This maisture can be reduced by filling the vehicle fuel tank before engine shutdown to reduce the air space above
the fuel.

Dissolved water comes out of solution as fuel cools. As fuel cools from 4 to -29°C, [40 to -20°F] the solubility of water
in the fuel reduces 70 percent. Therefore, fuel pumped from a relatively warm underground tank into a vehicle which
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sits overnight in sub-zero temperatures can cause some free water to separate, However, this source of free water is
almost negligible, because even at high temperatures fuel will dissolve very little water (0.1 mass-percent at 71°C)

[160°F]).

Additives can be used to prevent fuel line freeze up. These additives work by lowering the freeze point of water so that
it will not freeze and cause lines and filters to plug. Although other additives may provide some benefits, Fleetguard's
Fleet-tech™ Winter Conditioner is the only additive recommended by Cummins for this application.

NOTE: More cold weather engine operation recommendations are in Service Bulletin Number 3379009 and in the
engine operation and maintenance manual.

Microbial Contamination of Fuel
A WARNING A

Although most of the microbes that will live in fuel tanks are common organisms to which humans are constantly
exposed, contact with microbes or fungi from a fuel tank must be avoided. When a fuel system is contaminated
and cleaning is necessary, workers must be protected. Remember that the fungi produce reproductive spores
and when dry these can easily become airborne, so breathing protection must be provided or the microor-
ganisms must be kept wet. Dispose of the water and sludge removed from fuel tanks properly. Never place these
materials In sanitary sewer system since they can kill bacteria used in sewage treatment. Never place them in
storm sewers or surface water streams since they can kill fish and other aquatic animals.

A WARNING A

The most common problem associated with exﬂosure to these microbes is dermatitis which in some people can
be quite serious. Any exposed skin must be thoroughly washed with warm, soapy water.

A WARNING A

Avoid eating, drinking and smoking while working with these microbes. An{ ingestion of the microbes or
exposure to broken skin must be considered serious. Itis recommended that if this happens the worker be taken
to a doctor, along with a sample of the microbes.

A WARNING A

Blocides are generally only mildly toxic to humans and animals but must still be handled carefully{. In cases of
ingestion or contact with the eye, follow manutacturer's recommendations. Seek medical attention.

This section covers the recognition of and solutions to microbial contamination of diesel fuel.

To protect against fuel shortages, many users have been storing fuel and, as a result, the frequency of microbial
contamination has increased. Microbial contamination of fuel, though not a new concern, is more common in
metalworking industries which use water- soluble oils as cutting fluids or in long-term storage of hydrocarbon fuels than
it is in diesel fleet operations. All hydrocarbon fuels are essentially sterilized by the high temperatures encountered
in the refining process; however, they can become contaminated soon after leaving the refinery by microorganisms.
These microorganisms, primarily bacteria and fungi, exist rather harmiessly in moisture-free fuel, passing through fuel
systems without having any negative effects.

However, in the presence of water, these microorganisms begin to grow and reproduce. The rate of growth depends
on how well the environment suits the particular microorganism's needs.

The growth of a large colony of microorganisms in a fuel system can cause several issues. The first and usually most
obvious is fuel filter plugging with a greenish-black or brown slime, frequently accompanied by a foul odor. This slimy,
string-like colony can also plug sharp bends in fuel lines, fuel meters and other restrictions. The second issue these
microorganisms can cause is corrosion due to the acid by-products some of them produce. It is also possible, if the
microorganisms pass through the fuel filter, that they will form deposits and cause damage in the fuel pump and
injectors.
Some indicators of microbial contamination are:
1, Slime deposits on tank walls, piping, or other surfaces which are exposed to fuel. These deposits are usually
greenish-black or brown and are slick to the touch.
2. Black or brown “'stringy’’ material suspended in tank water bottoms.
3. Swelling or blistering of any rubber surface (washers, hoses, connectors, and so forth) that comes in contact with
fusel.
4, Sludge or slime deposits on filter surfaces.
5. Foul odor resembling that of rotten eggs (hydrogen sulfide).

A more conclusive approach is to routinely check the fuel by means of one of the several available test kits which are
listed below. These can detect microorganisms long before there is any visible evidence of contamination.
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The following list shows test kits of which we are aware. Listing of a kit can not be construed as a recommendation
or approval; and, the fact that a kit is not listed only means we are unaware of it. Cummins has not tested any of these
kits, but has only reviewed the manufacturer’s literature. Users must evaluate the kits available to them and select
one based on their own judgment.

1. Total Count Sampler, Catalog Number MTOO 000 25 for package of 25, from Millipore Corporation, Bedford, MA
01730, 1-800-645-5476. The Total Count Sampler contains a nutrient media specifically designed to encourage
bacterial growth; however, many fungi will grow on it. Millipore recommends incubation at 35°C [95°F] for 24 hours;
however, they can be incubated at room temperature for 36 to 48 hours. If the results on the Total Count Sampler
are low and is still suspected, re-sample using Millipore’s Yeast and Mold Sampler (Catalog Number MYOO 000
25 for package of 25). This sampler contains a nutrient media which suppresses the growth of most bacteria, but
isrich in nutrients for fungi. For best results, use both samplers each time water bottoms are tested. These Millipore
samplers are probably the most sensitive of those listed, and in fact, can lead one to overtreat a fuel system.
Millipore samplers are also available from Millipore in Australia, Belgium, Brazil, Canada, Denmark, England,
Finland, France, Italy, Japan, Mexico, Norway, Spain, Sweden, Switzerland, and West Germany. Inquiries from
other countries can be directed to Millipore Intertech, Inc., P.O. Box 255, Bedford, MA 01730 U.S.A.

2. Microbe Monitor Test Kit (From Air BP) British Petroleum Cleveland-Hopkins International Airport Cleveland, OH
44135 1-800-533-2340. One sample per kit. Incubates at room temperature.

When it has been established that microbial contamination is present and action must be taken, there are several
approaches. The most obvious solution is prevention. Most of the bacteria and fungi involved are soil organisms which
can become airborne or waterborne. Prevention of the entrance of microorganisms is not possible because these
organisms can enter the fuel through many different routes.

Growth of these microorganisms can be prevented. Since all metabolic processes of an organism are conducted in
water, denying the microorganism access to water will prevent growth, thus preventing the development of large,
troublesome colonies. Therefore, the first and most important step in prevention is to keep fuel systems dry. Keeping
a fuel system entirely dry is impossible. in cases where microbial contamination is a recurring issue, a micrabicide can
be used to chemically treat the fuel or the water.

There are three general classes of biocides: water-soluble, fuel-soluble, and universally soluble. Fuel-soluble biocides
are best suited for treating fuels which are to pass through several storage steps in the distribution process. A
fuel-soluble biocide injected into the fuel early in the distribution system is carried with the fuel through the entire
downstream system, effectively sterilizing the fuel until usage. Fuel-soluble biocides are easier to add to the fuel system
since the exact amount needed to treat a volume of fuel is easily determined and they have a low toxicity to human
and other life forms. The obvious disadvantage to fuel-soluble biocides is cost; each batch of new fuel added to the
system must be treated since the biocide is consumed as the fuel is consumed.

Water-soluble biocides are more economical for use in treating one step in a fuel distribution system, such as the
end-user's storage tank. The water-soluble biocides, since they are insoluble in fuel, stay where they are placed until
the water bottoms are pumped from the tank; therefore, the total amount of biocide purchased is less. There are a
number of disadvantages to water soluble biocides. Since no biocide is carried downstream by the fuel, each successive
tank in the system must be individually treated. There is some difficulty in determining how much biocide to place in
a tank since that depends on how much water is in the tank. The biocide can not be thoroughly mixed with the water
in the bottom of a tank. Water-soluble biocides are much more easily taken in by humans and other life forms: and
therefore, must be disposed of properly when water bottoms are pumped from a tank. Water bottoms containing a
water-soluble biocide must not be placed in a sanitary sewer system because the biocide can destroy the bacteria
used by sewage treatment plants. These water bottoms must be treated as an acidic, industrial oily waste.

Universally soluble biocides are soluble in both water and diesel fuel. They aliow you to treat the entire downstream
system. However, each subsequent load of fuel does not need to be treated. The biocide will remain in any water that
has collected at the bottom of the storage tank and continue to inhibit microbial growth. With certain types of biocides,
the interval between treatments can be as long as six months, Like water-soluble biocides, universally soluble biocides

are more easily taken up by humans and other forms of life. They also tend to be more expensive than the other types
of biocides.

Treating a fuel tank that is infested with a large population of microorganisms will kill the microorganisms, but it will
not eliminate the filter plugging they can be causing. The water and sludge containing the microorganisms must be
removed from the fuel systems. First, clean the fuel system thoroughly. Next, a fuel-soluble or universally-soluble biocide
must be added to the next few batches of fuel to kill any remaining microorganisms. Finally, the addition of a
water-soluble or universally-soluble biocide can be continued for at least several months to be sure the microorganisms
are all dead. If microbial contamination is a recurring issue, it is recommended that use of the water-soluble or
universally-soluble biocide be continued permanently since this would be the most cost effective solution to the
problem. This can be done by determining the amount of water that accumulates in tank bottoms between pump outs
and adding about double or triple the amount of water-soluble biocide recommended to treat that volume of water. For
example: you normally pump out approximately 379 liters [100 gallons] of water bottoms. In this case, after pumping
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The following list shows test kits of which we are aware. Listing of a kit can not be construed as a recommendation
or approval; and, the fact that a kit is not listed only means we are unaware of it. Cummins has not tested any of these
kits, but has only reviewed the manufacturer's literature. Users must evaluate the kits available to them and select
one based on their own judgment.

1. Total Count Sampler, Catalog Number MTOO 000 25 for package of 25, from Millipore Corporation, Bedford, MA
01730, 1-800-645-5476. The Total Count Sampler contains a nutrient media specifically designed to encourage
bacterial growth; however, many fungi will grow on it. Millipore recommends incubation at 35°C [95°F] for 24 hours;
however, they can be incubated at room temperature for 36 to 48 hours. If the results on the Total Count Sampler
are low and is still suspected, re-sample using Millipore’s Yeast and Mold Sampler (Catalog Number MYOO 000
25 for package of 25). This sampler contains a nutrient media which suppresses the growth of most bacteria, but
isrich in nutrients for fungi. For best results, use both samplers each time water bottomns are tested. These Millipore
samplers are probably the most sensitive of those listed, and in fact, can lead one to overtreat a fuel system.
Millipore samplers are also available from Millipore in Australia, Belgium, Brazil, Canada, Denmark, England,
Finland, France, Italy, Japan, Mexico, Norway, Spain, Sweden, Switzerland, and West Germany. Inquiries from
other countries can be directed to Millipore Intertech, Inc., P.O. Box 255, Bedford, MA 01730 U.S.A.

2. Microbe Monitor Test Kit (From Air BP) British Petroleum Cleveland-Hopkins International Airport Cleveland, OH
44135 1-800-533-2340. One sample per kit. Incubates at room temperature.

When it has been established that microbial contamination is present and action must be taken, there are several
approaches. The most obvious solution is prevention. Most of the bacteria and fungi involved are soil organisms which
can become airborne or waterborne. Prevention of the entrance of microorganisms is not possible because these
organisms can enter the fuel through many different routes.

Growth of these microorganisms can be prevented. Since all metabolic processes of an organism are conducted in
water, denying the microorganism access to water will prevent growth, thus preventing the development of large,
troublesome colonies. Thersfore, the first and most important step in prevention is to keep fusl systems dry. Keeping
a fuel system entirely dry is impossible. In cases where microbial contamination is a recurring issue, a microbicide can
be used to chemically treat the fuel or the water.

There are three general classes of biocides: water-soluble, fuel-soluble, and universally soluble. Fuel-soluble biocides
are best suited for treating fuels which are to pass through several storage steps in the distribution process. A
fuel-soluble biocide injected into the fuel early in the distribution system is carried with the fuel through the entire
downstream system, effectively sterilizing the fuel until usage. Fuel-soluble biocides are easier to add to the fuel system
since the exact amount needed to treat a volume of fuel is easily determined and they have a low toxicity to human
and other |ife forms. The obvious disadvantage to fuel-soluble biocides is cost; each batch of new fuel added to the
system must be treated since the biocide is consumed as the fuel is consumed.

Water-soluble biocides are more economical for use in treating one step in a fuel distribution system, such as the
end-user's storage tank. The water-soluble biocides, since they are insoluble in fuel, stay where they are placed until
the water bottoms are pumped from the tank; therefore, the total amount of biocide purchased is less. There are a
number of disadvantages to water soluble biocides. Since no biocide is carried downstream by the fuel, each successive
tank in the system must be individually treated. There is some difficulty in determining how much biocide to place in
a tank since that depends on how much water is in the tank. The biocide can not be thoroughly mixed with the water
in the bottom of a tank. Water-soluble biocides are much more easily taken in by humans and other life forms: and
therefore, must be disposed of properly when water bottoms are pumped from a tank. Water bottoms containing a
water-soluble biocide must not be placed in a sanitary sewer system because the biocide can destroy the bacteria
used by sewage treatment plants. These water bottoms must be treated as an acidic, industrial oily waste.

Universally soluble biocides are soluble in both water and diesel fuel. They allow you to treat the entire downstream
system. However, each subsequent load of fuel does not need to be treated. The biocide will remain in any water that
has collected at the bottom of the storage tank and continue to inhibit microbial growth. With certain types of biocides,
the interval between treatments can be as long as six months, Like water-soluble biocides, universally soluble biocides
are more easily taken up by humans and other forms of life. They also tend to be more expensive than the other types
of biocides.

Treating a fuel tank that is infested with a large population of microorganisms will kill the microorganisms, but it will
not eliminate the filter plugging they can be causing. The water and sludge containing the microorganisms must be
removed from the fuel systems. First, clean the fuel system thoroughly. Next, a fuel-soluble or universally-soluble biocide
must be added to the next few batches of fuel to kill any remaining microorganisms. Finally, the addition of a
water-soluble or universally-soluble biocide can be continued for at least several months to be sure the microorganisms
are all dead. If microbial contamination is a recurring issue, it is recommended that use of the water-soluble or
universally-soluble biocide be continued permanently since this would be the most cost effective solution to the
problem. This can be done by determining the amount of water that accumulates in tank bottoms between pump outs
and adding about double or triple the amount of water-soluble biocide recommended to treat that volume of water. For
example: you normally pump out approximately 379 liters [100 gallons] of water bottoms. In this case, after pumping
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ML LUBRICANT ANALYSIS SYSTEM (KLAS)
y en , KENDALL MOTOROL
L]

550 CHESTNUT STREET EXT., BRADFORD, PA 16701 | |
e ewauss | HAHNNN) §
D] [
s Phone: (517)485-2285  Fax: (517)485-9685 DATE | 429987 i
i SPARTAN OIL CORPORATION 84 :
o 419 SPRING STREET 11/26/42 {| Customer #: 2561 |,
8 p.0, BOX 18218 LAB NUMBER GRAND VALLEY STATE UNIVERSITY AWRI
g LAKSING, K[ 48961 (| Unit #: DJASSE ||
0 2079337 [| W/N 1  MESTERBEKE 20.8 BEDA |
] .| Loc 2 Diesel Engine
|| Lube SD 15K48
c TONY FIORE 1| Sample Taken : lie=
g Phone: (616)895-3986  Fax: (616)895-3864 | . at Normal Drain !
T GRAND VALLEY STATE UNIVERSITY ANRI : ___ at Extended Drain |
g 749 SHORELINE DR ; ___ between Drains
E i| HOURS aon
iJ HUSKEGON, WI 49441 il Unit:
[ 0il [
USTOMER SUPPLIED INFORMATION [| Comments: i
SAKPLE TAKEN AT NORKAL DRAIM ANTI-FREEZE COOLING ', i
HO ADDITIVES ENTERED. | i
(S )

ODE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

cit b4
Neas'd @186 % FUEL X abs/cs

: i s
2079337 11/25/92 560 184 SD 13N49 H#L 129 T W 1L A
2071623 11/07/42 376 0 SD 13K49 JH L6 T 1% ex 3

SAKPLE 15 IN USABLE CONDITION NWITH NO ABHORNAL KEAR WETALS DETECTED. EXTEND ORAIN BY (50 HR).

Comments: Go to www.kendallmotoroil.com

AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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& : Ke“uall LUBRICANT ANALYSIS SYSTEM (KLAS)
, KENDALL MOTOR OIL 27

550 CHESTNUT STREET EXT, BRADFORD, PA 16701 | 3
PH: (877) 285-9540 FAX: (814) 368-1363 |
. | TNV RARRRRE
é Phone: (517)485-2285  Fax: (517)485-0605 DATE IR 429987
T SPARTAN OIL CORPORATION 84 ! :
| 419 SPRING STREET 11/87/82 i . Customer H: 21561 ‘
e F.0. BOX 18218 LAB. NUMBER . {| ‘GRAND VALLEY STATE UNIVERSITY AfRI
T LAKSING, KI 48981 ([ unit #s DJASSE
° 2071623 [ WK 2 HESTERBEKE 20.0 BEDA
| || Lo : Diesel Engine
[ Lube.s-.. 50 LoN4e
i c TONY FIORE | fdngle Taken ¢ [z
g Phone: (616)895-3986  Fax: (616)895-3864 | S5 at Normal Drain
T GRAND VALLEY STATE UNIVERSITY ANRI i _ at Extended Orain
a 746 SHORELINE DR | ___ between Drains
E {] -HOURS on
s NUSKEBON, NI 49441 [ - i () | 7 Y
— oo bibe 23] KB Al
CUSTOMER SUPPLIED INFORMATION [| Commentss —— .oy |
— SANPLE TAKEN AT NORKAL DRALN ANTI-FREEZE COOLING ! | e
AMOCO GUARDIAK ADDED TO FUEL 101 7/(; S
SANPLE TRKEN 9/2/92 AR J)

CODE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

ANALYTICAL RESULTS

HOURS o5t t

Meas'd @180 I FUEL 2 abs/ce

Lab# KM i 0il SAE VISC H20 DI SOI VAR JRON COPP IFAD AIUM STI CHE TTW SO POT
2071623 11/07/02 376 @ SO L3K40 M 1 T 1 M 31 5 L 4 20«12 4 IR |

SAMPLE IS IN USABLE COMDITION WITH NO ABNORMAL MEAR METALS DETECTED.
CANNOT ADVISE ON DRAIN EXTENSLON DUE TO INSUFFICIENT INFORMATION.

Comments: Go to wew.kendallmotoroil.com

CAUTION - AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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[;;WESTERBEKE'“
Engines & Generators

16 DECEMBER 2002

GRAND VALLEY STATE UNIVERSITY
LAKE MICHIGAN CENTER

740 WEST SHORELINE DRIVE
MUSKEGON, MI 49441

ATTN: ROBERT F. UDELL

SUBJECT: BIODIESEL

DEAR MR. UDELL,

IN RESPONSE TO YOUR LETTER OF 3 DECEMBER 2002 REGARDING THE USE OF 100%
BIODIESEL IN YOUR WESTERBEKE DIESEL GENERATOR.

THE WESTERBEKE CORPORATION DOES NOT APPROVE, NOR DOES IT DISAPPROVE,
OF THE USE OF BIODIESEL AS A FUEL SUBSTITUE IN ITS DIESEL ENGINES.

HOWEVER, IF A FAILURE OCCURS WHICH IS A RESULT OF THE USE OF BIODIESEL,
WARRANTY WILL BE DENIED.

RESPONSIBILITY FOR WARRANTY WILL THEN FALL ON THE MANUFACTURER OF THE
BIODIESEL FUEL SUBSTITUTE.

WESTERBEKE CORPORATION RESERVES THE RIGHT FOR FINAL DETERMINATION AS
TO CAUSE OF FUEL SYSTEM OR ENGINE FAILURE.

WESTERBEKE CORPORATION CONTINUES TO RECOMMEND THE USE OF #2 DIESEL

WITH A CETANE RATING OF #45 OR HIGHER AS THE FUEL OF CHOICE IN OUR MARINE
DIESEL ENGINES.

RESPECTFULLY,

&

OSEPH A. JOYCE
SERVICE MANAGER

CC - BOB BISANTI - WESTERBEKE CORPORATION
GREG HAIDEMENOS - WESTERBEKE CORPORATION
TOM SUTHERLAND - WESTERBEKE CORPORATION

WESTERBEKE CORPORATION
MYLES STANDISH INDUSTRIAL PARK, 150 JOHN HANCOCK ROAD, TAUNTON, MA 02780-7319 « TEL. 508-823-7677 » FAX 508-884-9688 WEBSITE: WWW.WESTERBEKE.COM
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SEP-12-20092 16:16 WESTERBEKE CORP.

ATTN, BOB (DELL
. From: Bob BiSATI s
FUEL TANKS—GENERAL

It is very important that the design, construction and
installation of all fuel system components meet the highest
possible standards. Use only products specified for marine
applications.

Fuel tanks for diesel engines and generators may be made of
fiberglass, aluminum or stainless. Fuel tanks for gasoline
engines and generalors may be made of only fiberglass or
aluminum; stainless is not appropriate for gasoline because
improper welding can remove carbon leaving only steel,
which will rust and then leak.

If the tank is made of fiberglass, be certain that the interior is
gclcoated to prevent fibers from contaminaling the fuel sys-
tem. Copper or galvanized fuel tanks should not be used. The
nominal thickness of a fuel tank depends on the material
used, Any fitting or opening must be at the top of the ank. A
drain plug at the bottom of the tank is not acceptable.

Avoid the use of fittings made of copper-based alloys such as
brass as they will deteriorate the aluminum fittings.
Fastenings for an aluminum tank should be 300 series stain-
less steel.

It is not necessary to mount the tank above the engine level,
as the fuel lift pump provided will raise the fuel from the
sank. The amount of lift should be kept to a minimum (6 ft
(1.8 m) being maximum). If a tank is already installed above
engine level, it can be utilized in this position.

Cleanliness and care are especially important when the fuel
tank is installed because uny dirt left in the tank will cause
fouling when the engine is started for the first time.

&\ CAUTION: Make sure the fuel tank filler Is prop-
uymmwmmmumm
awash. The fuel tank's vent should be rovted so as to

prevent water entry s well. '

The fuel tank’s fuel pickup tube should be clear and unob-

structed, without screens or gauze strainers, Make sure that
all firtings are sufficiently tightened to prevent leaking.

Fuel tanks that are located below the engine’s fuel system
level must have their fuel return connection at the tank
extending down into the tank in the same manner as the
pickup tube; otherwise, air will replace fuel siphoning out of
the engine’s fuel system through the retum.

The fuel tank’s vent should be Jocated so that its discharge

route cannot allow water to enter through to the fuel 1ank(s).
Moisture must not be allowed to accumulate in the vent's line.

Ses 977 4318

Q-(2-02—

P.@1

SYSTEM

Mount the fuel rank and secure it into position. The NFPA
recommends that the bottom tanks be installed on slatted
wooden platforms to help prevent moisture condensation.
Cylindrical tanks should be set in chocks or cradles and
securely fastened. Insulate all wood or metal surfaces from
the tank surface with a non-abrasive and non-absorbent
material. :

FUEL TANKS—GASOLINE

“Tanks must be labeled with the manufacturer’s name, tank
material and capacity. They also must be marked that they
have been pressure tested to the requirements of Title 33
CFR, sub part J. If either the fuel-fill fitting or the tank is
metallic, it will need to be grounded. A 10-gauge or Jarger
stranded copper wire must be fastened from the metal com-
ponents to the boat’s ground.

" Design the fuel tank vent line so that gasoline cannot spill
onto the boat. A loop.in the vent line from the top of the 1ank
to the underside of the deck and then to the through-fiull fit-
ting will prevent this. The Jine should drain back to the tank
with ne traps. The vent line should be no less than 9/16 in.
(143 mm) 1.D. The through-hull vent fitings must be
equipped with a flame arrestor. .

Fuel Tanks Located Above the Engine/Generator

A carburetor float valve cannot be trusted to hold back fuel in
an installation having a fuel tank located at or above the
engine/generator’s fuel system. This type of system, with

~ some or all of the fuel supply line to the carbureior routed
below the level of the fuel tank’s top, requires a shut-off
valve to shut off the fuel supply to the engine or generator
when the engine isn’t running.

. USE EITHER ANTI-SIPHON VALVES
q&!mmv DPERATED
STOP VALVES

g

FUEL TANKS LOCATED ABOVE THE ENGINE/GENERATOR

Engines & Generalors

23 PHEE (0 FY

Annis Water Resources Institute
Grand Valley State University

30 of 62

MR-2003-111



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

FUEL SYSTEM

This shutoff valve is necessary to guard against the possibil-
ity of gasoline siphoning through the supply line to the car-
buretor and into the engine in case the carburetor float valve
docsn't close, the carburetor needle valve doesn’l operate
properly, or the fuel line ruptures between the engine and the
fuel tank at a point below the fuel level. The shut-off valve
can be installcd at the tank withdrawal fitting, or ata location
where the line from the fue] tank will no longer remain
above the fuel tank top level. 1t can be electrically operated
automatically (with manual override) to open when the
engine starts and close when it shuts down (Fuel-Trol), A
manually operated valve can also be used, operated either
from the Start/Stop panel area or from the vessel's deck. The
shut-off valve should be of the gasoline type, and it is impor-
tant that all joints be free of pressure leaks.
NOTE: The use of mechanical spring-type check valves

. instead of a solenoid shut-off valve is not recommended since
these may tax the fuel lift pump’s ability 1o draw fuel through
a check valve. A check valve can trap debris under its seat
which inhibits the valve’s ability to close: In addirion, if a
check valve’s cracking pressure is too high, it can contribute
1o vapor lock. Should a mechanical-type spring-loaded check
valve be used, it should be an adjustable 1ype, such as.a
Weatherhead #43 x 6. This adjustable type valve should be
adjusted to have a cracking pressure that will prevent siphon-
ing when the engine or generalor is not operating but not so

excessive as 1 prevent the fuel lift pump from drawing fuel
through the valve.

Fuel Tanks Located. Below the Engine/Generator

An installation having a fuel tank located below the engine or
generator’s fuel system, with the fuel supply line to the car-
buretor routed above the level of the fuel tank’s top, does not
require an anti-siphon shut-off valve, but does require wo
manvally-operated service shut-off valves — one located at

2 the fuel connection to the tank, and ancther located at the
fuel connection to the engine/generator.

GASOLINE ENGINE/FUEL TANKS

TOP OF TANK ENGINE
NOT ACCEPTABLE

mmu D‘gﬁ‘ll:! OR

FUEL STOF VALVE REQUIRED
AT THE FUEL TANK WITHDRAWAL
FITTING

QENERATOR | PROPULSION

SERVICE
SHUTO
VALVES

- DIESEL FUEL SYSTEM ANTI-SIPHON DEVICES

Fuel system anti-siphon devices should nat be used with a
diesel engine/generator. It is not necessary and, in addjtion,
introduces air into the fuel which'may cause erratic operation.
The fuel system should include one or more fuel shutoff

valves.

@mx—:&ﬂsﬁs
Enyr‘n; ; Generatars
- 2 o0F Y
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FUEL SYSTEM

DUAL PURPOSE FUEL TANK

If you're running both a generator and a propulsion engine
and they use the same fuel, you can use the same fuel tank.
However, before that decision is made, the following factors
must be considered:

@ There must be adequate fuel capacity for both
engines — refer 1o the specifications section of
your owner’s manual for fuel consumption figures.

= [ diesel installations the fuel returning to the tank is
warm. To obtain maximum engine efficiency, fuel
delivered to the injectors must be cooled. The fuel
tank volume must be adequale to cool the retimed
fuel.
If a fuel tank is shared, a fuel line tee should not be used. A
tee can cause erralic gensct operation due to fuel starvation.
The genset’s fuel pump does not have the capacity to over-
come the suction of the propulsion engine’s fuel pump.

This is true also of the retum lines. Pressure from one engine
could be higher than the other and force return fuel back into
the lower-pressure engine injector. The return line should
enter the tank as far as possible from the supply lines.

The proper installation of fuel lines is very important. All
fuel line materials must be ed for marine installations
and meet the requirements of both the USCG and the ABYC.

The fuel system should be installed in such 4 manner as to
allow the engine-mounted fuel lift pump to maintain a posi-
tive inlet pressure to the injection pump under all operating
conditions. As the fuel lift pump has a capacity in excess of
thar required by the injection pump, the overflaw is piped to
the fuel tank and should be connected at the top of the tank.
Great care should be taken to ensure that the fuel system is
comrectly installed so that airlocks are eliminated and precau-
tions taken against dirt and water entering the fuel.

NOYE: The fuel supply line to the engine/generator should be
ﬁummmplcbupmﬁzﬁdwwmmdoﬂ'ﬂw
supply line to another engine/generator.

Keep the fuel lines as far as possible from the exhaust pipe
and hot engine areas; this is to keep the fuel at a minimum
temperature to reduce the chance of vapor lock in gasoline

- insallations.

Run fuel lines at the top level of the fuel tank 1o a point as
close to the engine or generator as possible to reduce the dan-
ger of fuel siphoning out of the tank if the line should break.

Fuel piping should always be routed and securely anchored
to prevent leaks from vibration and chafing. Fuel piping is
usually secured by copper straps every 12-14 in (30-36 cm).
Use as few connections as possible, and install the lines so
they are accessible and protected. Avoid locked-in torsional
stresses.

Rigid Fuel Lines

For installations with rigid fuel lines, Westerbeke recom-
mends using copper tubing together with suitable flared fit-
tings, both for the supply line and the return line. Use
seamless anncaled double flared fuel lincs that are approved
for marine installations. Run the tubing in the longest pieces
obtainable to avoid the use of unnecessary fittings and con-
nectors. The mitiimum size of the fuel supply line and fuel
return line is 1/4 inch, inside diameter.

When a copper fuel line is used, electrically bond the fuel
line to the vessel’s common bonding conductor with a suit-
able strap or 10 gauge wire.

Flexible Fuel Lines

If a rigid metallic fuel line is run into the engine/generator
compartment, a length of flexible hose must be installed to
absorb vibration from the engine/generator. Install a non-
organic flexible hose without metal reinforcement between
the rigid fuel line and the engine/generator to absorb the
vibration. This line must be long encugh to prevent binding
or stretehing because of engine/generator movement.

A flexible fuel Tine may also be installed between the fuel
tank and the engine/generator for both the supply line and the
return line. For the supply line, flexible hose may be installed
fom the fuel tank outlet to the fuel filter/water separator, and
from the fuel filter/water separator to the engine-mounted
fuel pump inlet.

Use suitable end fittings, and install all the hose in the
Jongest runs possible ta avoid the use of unnecessary fittings
and connectors. There must not be an electrical connection
between the hose end finings: a bad ground in the cranking
circuit will cause a wire-reinforced hose to become charged
and ignite the fuel during cranking.

A\ WARNING: ignition of fuel can cause fire and
severs personal injury or desth. Be sure any flexible fuel
line used between the fuel tsnk and the englne/genera-
tor meets ABYC and USCG reguirements.

WESTERBEKE

Engines & Generators

SeFY
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FUEL SYSTEM

SHUT-OFF VALVES FUEL (
Make sure your fuel system has positive shut-off valves; To insure satisfactory operation, an engine or generator must
know their locations and how they ‘operate. have a dependable supply of clean fuel.

NOTE: See the U.S. Coast Guard publication “Fuel Sysiem Diesel Fuel — use No. 2 oil with a cetane rating of 45 or
Compliance Guideline” for basic fuel system layouts and higher. ;

shus-off valve locations. Gasoline — use unleaded 89 octane or bigher.

FUEL FILTERS

A primary fue! filter/water scparator should be installed in A WARNING: 6asoline leakage in or around the

the fuel supply line between the fuel tank and the engine/ engine/generator compartment is @ potential for fire

generator to help remove contaminants in the fuel before the

and/or explasions. Repair leaks promptly and ensure that
fuel reaches the engine mounted fuel Jift pump. It should be b =

mounted in an accessible location for ease in monitoring for the compartment 5 properly ventilsted.

water and contaminants, and for servicing. Such contami- . o,

nants can cause the failure of compenents, and such failures Make sure there is a ﬁr:.*.?umgulsher installed pear the

are not warrantable. A recommended type of fuel filter/water engine/generator and that it is properly maintaincd. Be famil-
separator is available from the Jist of accessories. A second- jar with its use. An extinguisher with the NFPA rating of

ary fuel filter is mounted on the engine/generator, and it has a ABC is appropriate for all applications.
replacement filter element.

After installation, test the fuel system for tightness per USCG
specification 33CFR183.542.

FILTER/WATER SEPARATOR
Diesz| Instaliation shawn

lquERBEKE
Engines & Generalors

26 Unrt/
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ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS

5 DIESEL FUEL

51  QUALITY AND SELECTION

The quality of fuel used is a very important factor in obtaining satisfactory engine performance,
long engine life and acceptable exhaust emission levels. For optimum engine operation and
maximum service life, diesel fuels meeting the property requirements in Table 5-1, or the
properties of EMA FQP-1a or 1b are recommended for use.

NOTE:

Fuels with sulfur content above 0.05 mass percent (500 ppm) are not recommended
for DDC EGR engines. If engines are operated with fuels not meeting the 500 ppm
sulfur content limit, the drain intervals must be shortened. Drain intervals may be
determined by oil analysis or by using the drain intervals in Table 4-3.

Al information subject to change wilhout notica. (Rev. Seplamber 2002) 5-1
TSE270 0209 Copyright © 2002 DETROIT DIESEL CORPORATION
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DIESEL FUEL
Test Method On-Highway
Prope Off-High
i ASTM IS0 No. 1 No. 2 i
AP| Gravity, at 60° F
Minimum D 287 = 40 34 33
ximum 44 38 43
Specific Gravity, g/ml
60° F
inimum D 1298 3675 0.806 0.835 0.810
Maximum 0.825 0.855 0.860
Flash Paint, *C Minimum D 93 2719 38 52 Note 1
Viscosity, Kinematic
cSt @ 40°
Minimum D 445 3104 13 1.9 13
< lfMaxi.n;’um 2.4 4.1 45
ulfur, wt. m
M °n(f” ) D 2622 EN 24260 0.05 (500) 0.05 (500) 0.4 (4000)
Cloud Point D 2500 — - Note 2 -
Filter Plugging Point D 4358 309 — Note 3 —_
Cetane No., Minimum D 613 5165 45 45 45
Cetane Index, Minimum D 4737 4264 40 40 40
Distillation % Vol.
Recovery, °F (°C)
, 320 (160) -
-IBRP, T |
ypica 350 (177 375 (191) 392 (200)
10 %, Typical 385 (196) 430 (221)
" ical D 86 3405 437 (225) -
50%, Typical 425 (218) 510 (256) 527 (275)
90%, Maximum 500 (260) 625 (329) 626 (330)
95%, Maximum 550 (288) 671 (355) 680 (360)

Recovered Volume,

o Minimum 98 98 98

Water, % Maximum
[Note 4) D 2709 0.02 0.02 0.02

Sediment > 1um, mg/L D 2276 or D
Max um 5450 10 10 10
e !c""ntf '“]'"Z‘r'ﬁ“' DIN 51419 24 24 24
Ash, % mass Maximum D 482 6245 0.01 0.01 0.01

Carban Raaicim, o D 524 10370 0.15 0.35 0.3

ion,

c°"mms on D 130 2160 No. 3a No. 3a No. 3a

Acceleraied S“”?Qﬂm D 2274 15 15 15

Dugont Pad Test, 2

Reflectance at 150°

C, Minimum (High D B8R n 70 a

fty)

Heat Content, Net, D 4868 125,000 - 128,500 - 126,600 -
BTU/gal 127.300 130,900 131,500
Lubricity

Load, gms, Minimum D 6078 3100 3100 3100
i D 6063 460 460 460

Table 5-1 Diesel Fuel Specifications

5-2 All information subject fo change without nolice, (Rev. September 2002)
TSE270 0209 Copyright © 2002 DETROIT DIESEL CORPORATION
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ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS

Notes to Table 5-1

1. The flash point temperature is a safety-related property which must be established according to
applicable local requirements.

2. The cloud point should be 10° F (6° C) below the lowest ambient temperature to prevent
clogging of fuel filters by wax crystals.

3. The filter plugging point temperature should be equal to or below the lowest expected fuel
temperature,

4, No free water visible.

NOTE:

When prolonged idling periods or cold weather conditions below 32 °F(0 °C) are
encountered, the use of 1-D fuel is recommended. Note, however, that transit coach
engines are emission certified on either No.1 or No.2 fuel. To maintain emission
compliance, only the correct certified fuel should be used.

5.1.1 FUEL LUBRICITY

It is recommended that all fuels used in DDC engines meet the minimum lubricity requirements
listed in Table 5-1, “Diesel Fuel Specifications.” Fuels not meeting the lubricity requirements
may be additized to meet them.

5.1.2 PREMIUM DIESEL FUEL

Premium diesel fuels are not covered by any existing industry specification. It is recommended
that the customer obtain additional information from the fuel marketer and compare properties to
those listed in Table 5-1 before using.

5.1.3 HEAVY FUELS NOT RECOMMENDED

Heavy fuels intended for use in slow speed diesel engines and as burner fuel are not recommended
for use in any Detroit Diesel engine. Marine fuels specified by ASTM D2609 are examples of

such fuels. These fuels are known to cause combustion deposits and will likely reduce engine
durability.

514 BIODIESEL FUELS

Biodiesel fuels are alkyl esters of long chain fatty acids derived from renewable resources.
Biodiesel fuels must meet ASTM Specification D 6751. Biodiesel meeting the D 6751
specifications can be blended up to 20% maximum by volume in diesel fuel. The resulting
mixture must meet the fuel properties listed in Table 5-1. Failures attributed to the use of biodiesel
will not be covered by Detroit Diesel product warranty.

The following quotation is extracted from World-Wide Fuel Charter — Draft for comments —
June 2002, page 46 for reference and guidance:
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DIESEL FUEL

“Based on the technical effects of FAME [Fatty Acid Methyl Esters], it is strongly advised that
FAME content be restricted to less than 5%. As a pure fuel, or at higher levels in diesel fuel, the
vehicles need to be adapted to the fuel, and particular care is needed to avoid problems.”

5.1.5 OTHER FUELS

Fuels listed in Table 5-2 and Table 5-3 have provided economic and availability advantages

for some applications, particularly where No. 1 type fuels are required. These do not meet
requirements listed in Table 5-1. Although not recommended, they have demonstrated acceptable
performance in controlled applications.

Jet AJA-1 D , OCONUS
Property 1655 JP-5 JP-8 CONUS DF-1 | CONUS DF-2 DE-2
API Gravity,
@ 60° F 443 41.1 45.6 423 34.2 385
Fag Fo 38 62 45 50 74 70
Viscosity, Kin., ==
eSt @ 40° C 1.5 1.2 1.6 2.8 3.0
Cloud Paint°C -40 -46 -47 -41 -12 -19
S”ﬁa’gs% 0.3 Max. 0.4 Max, 0.4 Max. 0.05Max. | 005 Max. 0.3 Max.
Cetane
gl 42 45 44 47 49
Distillation %
Vol. Rec., °C
-IBP — 180 157 174 190 176
-10% Typical 205 191 175 196 222 219
—50% Typical Report 215 200 219 265 365
-90% Max. Report 242 236 246 33 3
Final Boiling
Point, Max. 300 — - —_ — —_
Temp.
Heat Content,
Btuwgal., Net 123, 608 125, 270 123, 069 125, 960 131, 207 127, 820

1. JP + 100 is not recommended in equipment with water-coalescing filters.

Table 5-2 Selected Typical Fuel Properties
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ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS

Type NATO Spec. Mil. Spec Application
Jet Fuel, Contains
JP-4 F-40 Mil-T-5624 50% Gasoline: Not
Recommended
JP-5 F-44 Mil-T-5624 Jet Fuel, Kerosene Based
Jet A-1 with De-lcer and
JP-g F:34 MI-T-83133 Corrosion Inhibitor
Jet A None None Industry Standard Jet Fuel
Jet A-1 F-35 None Jet Fuel, ASTM D 1655
DL-1/DL-2 F-54 W-F 800 CONUS Speciied Milliery Uss

Inside Continental U.S.

Specified Military Use
DA-2 F:o4 W-F 800 OCONUS OQutside Continental U.S.

Table 5-3 Fuel Type Specifications and Applications

Lower density fuels, such as those listed in Table 5-2 and Table 5-3 and “winter blended” diesel
fuels, have a lower volumetric heat content than the standard No. 2 fuel listed in Table 5-1,
“Diesel Fuel Specifications.” Operating with these fuels will result in reduced engine output and
reduced fuel mileage, compared to standard No. 2 fuel. Reductions of 5% are not unusual and
may be as high as 10%. A good rule of thumb is this: The engine power is proportional to

the heating value of the fiel.

Lower density fuels also tend to have lower viscosity and poor lubrication characteristics. Fuel
filtration should be changed to that recommended for “Severe Duty Service” to prevent potential
injector seizure from dirt contamination of fuel.

5.2 DIESEL FUEL PROPERTIES
5.21 DISTILLATION

The boiling range indicates the temperature range over which the fuel fumns to a vapor and is a
very important property in consideration of diesel fuel quality. Lower boiling range fuels, such
as No.1, have a higher volatility, while fuels such as No. 2 are of lower volatility and higher
temperature boiling range. Higher volatility fuels are preferred in conditions of prolonged idling,
such as city coach applications or in cold temperatures. The determination of boiling range is
made using ASTM Test Method D 86 or D 2887 (Gas Chromatography Test Method).

Although many specifications contain only a partial listing of the distillation results (Distillation
Temperature at 90% Recovered, for example), this is not enough to determine the quality and
suitability of the fuel for use in diesel engines. Diesel fuels are blended products which may
contain high boiling constituents that can affect combustion. Only fuels with 2 minimum 98%

recovery by distillation should be used. The full boiling range as shown in previous tables should
be used for proper selection.
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DIESEL FUEL

5.2.2 95% BOILING POINT

Fuel can be burned in an engine only after it has been completely vaporized. The temperature
at which the fuel is completely vaporized is described as the “End Point Temperature” in
ASTM D 86 Distillation Test Method. Since this temperature is difficult to measure with good
repeatability, the fuel's 90% or 95% distillation point is often used. DDC specifies the 95%
temperature because it is closer to the end point than the 90% used by ASTM in D 975.

523 CETANE NUMBER

Cetane Number is a relative measure of the time delay between the beginning of fuel injection
and the start of combustion. In a cold engine, a low cetane number will cause difficult starting and
white exhaust smoke until the engine warms up. In engines with charge air cooling, a low cetane
number fuel may also cause white exhaust smoke during light load operation.

A minimum cetane number of 45 is specified for best engine performance. However, the cetane
number alone should not be considered when selecting a quality fuel. Other properties, such as
95% distillation temperature and carbon residue, should also be considered.

Calculated Cetane Index is sometimes reported instead of Cetane Number. Cetane Index is an
empirical property determined mathematically from boiling range temperatures and specific
gravity of the fuel, whereas Cetane Number is determined through an engine test. Additives may
be used by the fuel marketer to improve the cetane number; however, they have no effect on
cetane index. Both properties should be evaluated when selecting diesel fuel.

524 FUEL STABILITY

Diesel fuel oxidizes in the presence of air, heat and water. The oxidation of fuel can result in the
formation of undesirable gums and black sediment. Such undesirable products can cause filter
plugging, combustion chamber deposit formation, and gumming or lacquering of injection system
components, with resultant reduced engine performance and fuel economy. Two tests are specified
for fuel stability, ASTM Test Method D 2274 which measures diesel fuel storage oxidative
stability and the DuPont Pad Test which measures high temperature stability. The DuPont Pad test
should be conducted at 302° F (150° C). The results of the DuPont Pad Test are based on a visual
rating of the filter pad by the amount of light reflected from the filter pad. A 100% rating is a clean
pad, while a 50% rating is very dirty. ASTM D 2274 is a weighed measure of the sediment filtered
from the fuel after storage. Although the results of D 2274 may vary with actual field storage, it
does measure characteristics that will affect fuel storage stability for periods of up to 12 months.

5.2.5 FUEL SULFUR CONTENT

Fuels with sulfur content above 0.05 mass percent (500 ppm) are not recommended for DDC
EGR engines. If engines are operated with fuels not meeting the 500 ppm sulfur content limit,
the drain intervals must be shortened. Drain intervals may be determined by oil analysis or by
using the drain intervals in Table 4-3.

5-6

Information subject fo changa withou! notice. {Rev. Seplambar 2002)
7SE270 0209 Copyright © 2002 DETROIT DIESEL CORPORATION

Annis Water Resources Institute

MR-2003-111
Grand Valley State University 39 of 62



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS

5.2.6 FUEL OPERATING TEMPERATURE AND VISCOSITY

Since diesel fuel provides cooling of the injection system, the temperature of the fuel may vary
considerably due to engine operating temperature. As fuel temperature increases, fuel viscosity
decreases, along with the lubrication capabilities of the fuel. Maintaining proper fuel temperatures
and selecting fuels with the viscosity ranges listed in Table 5-1, “Diesel Fuel Specifications”, will
assure proper injection system functioning.

When operating with reduced fuel viscosity or elevated fuel temperatures, the injectors will
operate at reduced internal clearances. As a result, dirt and smaller particulate material may cause
injector durability concems. Filters on Detroit Diesel two stroke-cycle engines should be changed
to those specified for “Severe Duty Service.” Installing a fuel cooler or operating with fuel tanks
above half full may also help eliminate the concemn.

5.3 FUEL ADDITIVES

Detroit Diesel engines are designed to operate satisfactorily on a wide range of diesel fuels. The
regular use of supplemental fuel additives is not required or reccommended. Some additives may

be beneficial in addressing temporary fuel quality problems, but should not replace proper
fuel selection and handling.

5.3.1 WATER CONTAMINATION

Some fuel additives provide temporary benefit when fuel is contaminated with water. They are
not intended to replace good fuel handling practices. Where water contamination is a concern, the
fuel system should be equipped with a fuel/water separator that should be serviced regularly. In
marine and other environments where microbe growth is a problem, a fungicide such as Biobor®
JF (or equivalent) may be used. Microbial activity may be confirmed with commercially available
test kits. Follow the manufacturer’s instructions for treatment. Avoid the use of fungicides
containing chlorine, bromine or fluorine compounds, since these may cause fuel system corrosion.

When small amounts of water are present, supplemental additives containing methyl carbitol or
butyl cellusolve are effective. Follow the manufacturer’s instructions for their use. The use of
isopropyl alcohol is no longer recommended due to its negative effect on fuel lubricity.

5.3.2 FUEL ADDITIVES THAT ARE NOT ALLOWED

The following fuel additives are NOT allowed:

Used Lubricating Oil — Detroit Diesel specifically prohibits the use of drained lubricating oil in
diesel fuel. Used lubricating oil contains combustion acids and particulate materials, which erode
injector components, resulting in loss of power and increased exhaust emissions. In addition,
the use of drained lubricating oil will increase maintenance requirements due to filter plugging
and combustion deposits. Refer to Section 3.14, “Waste Oil Disposal and Rerefined Oils,” for
recommendations on proper used oil disposal.
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DIESEL FUEL

&) cAUTION:

To avoid injury from contact with the contaminants in used
engine oil, wear protective gloves and apron,

Gasoline - The addition of gasoline to diesel fuel will create a serious fire hazard. The presence of
gasoline in diesel fuel will reduce the fuel cetane number and increase combustion temperatures.
Tanks that contain such mixtures should be drained and cleaned as soon as possible.

Detroit Diesel Corporation will not be responsible for any detrimental effects which it determines
resulted from the use of used lubricating oil or gasoline in the diesel fuel.

5.3.3 EVALUATION OF SUPPLEMENTAL FUEL ADDITIVES

Many supplements available today are intended to be added to the fuel by the customer. These
include a variety of independently marketed products which claim to be:

O Cetane Improvers
Emission Control Additives
Detergents

Combustion Improvers

o JRm [

Smoke Suppressants
O Cold Weather Flow Improvers

Should a customer decide that a supplemental additive is temporarily required, the following
is intended to provide guidance to the customer in evaluating potential safety hazards and
deleterious engine effects.

1. A Material Safety Data Sheet (MSDS) should be carefully reviewed for special handling
instructions and hazardous material content. Additives containing hazardous materials
should not be used due to personal safety risk

2. A detailed compositional analysis should be provided by the supplier. Ash forming
metallic elements and corrosive elements must not be present. Additives containing
calcium, barium, zine, phosphorous, sodium, magnesium, iron, copper and manganese are
known to cause combustion ash deposits that can foul fuel injectors and create deposits
which may adversely affect cylinder life. Halogenated compounds containing chloride,
fluoride and bromide are corrosive, as are some sulfur containing compounds. The use of
additives with these components should be avoided.

3. Many commercial diesel fuels today contain performance additives, particularly those
marketed as premium diesel fuel. Any supplemental additive being considered must be
compatible with the fuel it is to be used in. A mixture containing twice the recommended
concentration of additive should be evaluated for compatibility to represent an overdosage
condition, using the tests listed in Table 5-1, “Diesel Fuel Specifications.”
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ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS

ASTM
Character- Conditions Two-Stroke Cycle —‘
istics or Other Massurad Engine Serles Four-Stroke Cycle Engine Series
Methods
MBE 800,
53,71, 82 149 40, 50, 60 55 MBE 4000
D 445 Engine &
Viscoslty | p 51562 oil
Kv100 °C, 1255 16.0 e " ke
St., Min SAE 40 SAE 50
ks 7 15W-40 15W-40 15W-40
1 1 1
Kwv100 °C, 16.3 22,0 16.3 (25.0") | 16.3 (25.0") | 16.3 (25.0")
cSt., Max SAE40 | SAE S0 SAE SAE SAE
o g 15W-40 15W-40 15W-40
TGA ,
5‘;1":" % 1 E131) o c;fg:’;zm 0.8 0.8 1.5 (3.0 15 3
‘ FTIR?
Pentane
D 823 Engine i 4
lns::::[es. DIN 51565 | Combustion 1.0 1.0 1.0 (N/A) 2.0 1.0 (NA)
Total Base
Number, D 4739 1.0 or 1/3 New Qil®
Min. i
Oil
Total Base D 2896
Number, |SO 3771 2.0 or 1/3 New Qi*
Min,
Glycol, D 2982 .
Max. DIN 51375 Engine Negative
Water, Max. D 1744 Engine 0.3%
Fuel
Dilution, D 3524 Engine 2.5%
Max.
Flash Point
o D92 Engine & :
cocC °C, ISO 2592 oil Not Specified
Min.
Iron, Max. | D 5185 Sraine | 150 (250)° 35 150 200 150
ear
Copper, Engine
Max. D 5185 Wear 25 25 30 20 30
Engine
Lead, Max. D 5185 Wear 10 10 30 40 20

1. With AP CH-4 / CI-4 Oil

2. Infrared spectroscopy may also be used, provided it is calibrated to be equivalent to TGA.
3. Whichever Is higher

4, These are general limits. Wear metal limits must be determined for specific application and oil used.

5. Marine engines only
NOTE: These limits are intended as guidance when a single cil sample is tested and are based on the
normal oil drain intervals listed in Table 4-1. Actual limits are dependent on engine, application, drain

interval and oil type. Refer to DDC Publication 7SE398 for determining warning limits specific
to your application.

Table 4-4

Single Sample Used Oil Analysis Warning Limits
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\\) LUBRICANT ANALYSIS SYSTEM (KLAS)
g KENDALL MOTOR OIL = z =
: ® ® 550 CHESTNUT STREET EXT,, BRADFORD, PA 16701 ( )
b e T
D
é Phone: (517)485-2285  Fax: (517)4B5-06635 DATE | 429986
T SPARTAH OIL CORPORATION 84 |
T 419 SPRING STREET 11/87/92 Customer #: 21361
B P.0. BOX 18218 . LAB NUMBER GRAND VALLEY STATE UNIVERSITY RRRI
. LANSING, NI 48901 Unit #: NGIPNDE
0 2071622 K/N DETROLT £V92
R . :
| | Lot : Diesel Engine |
Lube : SD 40
'y c TONY FIORE { Sample Taken : ”
g Phone: (6161895-3986  Fax: (616)895-3864 | __ at Normal Drain
T GRAND VALLEY STATE UNIVERSITY RMRI __ at Extended Drain
a 748 SHORELINE OR | ___ between Drains
E t| HOURS an
R HUSKEGON, MI 49441 s . . 0 o
— 0il
CUSTOMER SUPPLIED INFORMATION Comments: |
— GAKPLE TAKEW AT NORMAL DRAIN ANTI-FREEZE COOLING | =
AKOCO GUARDIAW ADDED TO FUEL {u JJ]
& L/

CODE: T=TRACE A=ACCEFTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

ANALYTICAL RESULTS

HOURS 14 i

Rec'd Weas'd @180 % FUEL I abs/cm

#  KH/00/YY On Unif On Sang 0il SAE  VISC H20 OIL GOL VAR IROM COPP LEAD ALUM SIL CHR TIN SO0 POT
71622 11/97/92 3497 8 SD 40 L 6.6 T % 0% 187 14 2 § 2 8 1 3 1 3

SAMPLE IS IN USABLE CONDITIOW WITH NO ABNORKAL MEAR KETALS DETECTED.
CAKNOT ADVISE ON DRAIN EXTENSION DUE TO INSUFFICIENT INFORMATION.

WecG—>- PMbi=

Cosments: 6o to www.kendallmotoroil.com

AUTION - AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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Analytical Services

CUSTOMER NO.: 63825

MAKE: DETROIT DIESEL

UNIT NO.: 0BVF214431 MODEL 6V82

DESCRIPTION: LEFT ENGINE DIL BRAND: TEXACO
18419 EUCLID AVENUE END USER: CAPT FIORE DILTYPE: URSA SUPER PLUS 40 NO. COPIES 2
CLEVELAND, OH 44112-1016 GVSU AWRI SERIAL ND.: OG6VF214431
(800) 726-5400, FAX (216) 383-9633 END USER LOCATION: ~ MUSKEGON, MI 49441 FUELTYPE: DIESEL

SAMPLE DATA

SAMPLE DATE
RECEIPT DATE

301237 1 05/15/2002
NORMAL 062002 309

TR

ADDITIONAL

179119

TESTS

Key

A: Abnormal  C: Critical

BOB CREEK/ED RUPP
VAN ECK DIESEL SERVICES INC
HOLLAND, MI 49424

CAPT FIORE
GVSU AWRI

740 WEST SHORELINE DR
MUSKEGON, Ml 49441

SPECTROCHEMICAL ANALYSIS

PHYSICAL PROPERTIES

0 0.1 NEG

301237

RESULTS OF TEST PERFORMED INDICATE NO CORRECTIVE ACTION REQUIRED.

179119
—— o
WG3I— PHDE ANALYST-HAL
C 100 Rev. 601 E!wl!!i!!ﬂ-ﬁt&t.lﬂu&!!.‘!rqnila-r.n-nu:lum..-silrxl._..ti.}!!giisi?!‘il;!!irl_.ltut!.i_ll!...ul_!n._.ﬂ_!sllmﬂr
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Analytical Services

CUSTOMER NO.: 63825 MAKE: DETROIT DIESEL

UNIT NO.: DBVF214431 MODEL BV92

DESCRIPTION: LEFT ENGINE DIL BRAND: TEXACO
18419 EUCLID AVENUE END USER: CAPT FIORE DILTYPE: URSA SUPER PLUS 40 NO. COPIES 2
CLEVELAND, OH 44112-1016 GVSU AWRI SERIALND.: OBVF214431
(800) 726-5400, FAX (216) 383-9633 END USER LOCATION:  MUSKEGON, MI 43441 FUEL TYPE:  DIESEL

SPECTROCHEMICAL ANALYSIS (ppm) PHYSICAL PROPERTIES

MOLYBDENUM

2773 4 10431234 0 0.2 NEG

NORMAL

C 100 Rev. 601

2564 1 10531289 0 0 O O <1 NJA 1554 0 0.1 NEG

GRAPHICAL ANALYSIS

ADDITIONAL TESTS

ANALYSIS RECOMINMENDATIONS

Key
A: Abnormal  C: Critical

BOB CREEK/ED RUPP
VAN ECK DIESEL SERVICES INC
HOLLAND, MI 49424

301237

CAPT FIORE
GVSU AWRI

Z LT HOREL NE DR ; "RESULTS OF TEST PERFORMED INDICATE NO CORRECTIVE ACTION REQUIRED.

MUSKEGON, M| 49441
179119 —
weS— PHDE

Since sarvices se based on samples and information supplied by others, and since comective action, if any, ri.ll.r-;si!rll-ii!ilit!iii!ﬁlii!ﬂ-ﬂ-ﬂ"i

ANALYST-MXL
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3 K LUBRICANT ANALYSIS SYSTEM (KLAS) B |
e 2 KENDALL MOTOR OIL /,_ e poat |

550 CHESTNUT STREET EXT, BRADFORD, PA 16701 r 1
ol T
D | |
g Phone: (517)485-2285 Fax: (517)485-0605 | DATE ; 429986 |
T SPARTAN OIL CORPOKATION Bl '| |
T 419 SPRING STREET 11/87/82 || Customer #: 21561 ||
B p.0. BOX 18218 LAB NUMBER || GRAND VALLEY STATE UNIVERSITY AMRI
$ LAKSING, NI 48961 o Unit ¥ NGJPMDE |!
0 2071622 || W DETROIT 6092 ||
J {| Loe t Diesel Engine ||
]' Lube : 5D 40 ||
c TONY FIORE il Sample Taken : o
g Phone: (616)895-3986  Fax: (616)893-3864 !i ___ at Normal Drain '
T GRAND VALLEY STRTE UNIVERSITY AMRL | ___ at Extended Drain ||
o 749 SHORELINE DR '; ___ betueen Drains i
E t| HOURS on i
R HUSKEGON, HI 49441 \ Unit = 1
L L l
USTOMER SUPPLIED INFORMATION ! Comments: 1
SANPLE TAKEM AT HORMAL DRALM ANTI-FREEZE COOLING i i =
ANOCO GUARDIAN ADDED TO FUEL I'k |
\ i),

J0DE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

ANALYTICAL RESULTS

o5t i
Rec'd Meas'd @18 I FUEL X abs/ce

4 MH/DD/YY SAE_ VISC H20 DIL S0L VAR IRON COPP LEAD ALUM SIL CHR TIN SO0 POT
071622 11/87/42 3497 ® 5D 40 SILETE. e ST 608 107 U 2 i 2 Sl 3 1 3

SAKPLE IS N USABLE CONDITION WITH NO ABMORMAL NEAR KETALS DETECTED.
CANNOT ADVISE ON DRAIN EXTENSION DUE TO INSUFFICIENT INFORMATIOM.

Comsents: Go to www.kendallmotorail.com

AVOID PROLONGE!

CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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3 Kendall LUBRICANT ANALYSIS SYSTEM (KLAS)
,  KENDALLMOTOROIL S

550 CHESTNUT STREET EXT., BRADFORD, PA 16701

e )

D
E Phones (517)485-2285  Fax: (517)485-9665 DATE ' 429988 il
T SPARTAN OIL CORPORATION 84 ;
i 419 SPRING STREET 11/26./42 || customer #: 21561 |;
8 P.0. 80X 18218 LA NUMRER | GRAND VALLEY STATE UNIVERSITY ANRI
T LANSING, NI 48991 t| Unit b WGISHDE ||
2879334 [ | NI 2 DETROIT 632
= i| Loc 3 Diesel Engine
Lube SD 44 ||
(o] TONY FIORE || Sample Taken : e
g Phone: (616)895-3986  Fax: (616)895-3864 ‘, ___ at Normal Drain |
T GRAND VALLEY STATE UNIVERSITY AMRI | _. at Extended Drain |
" 740 SHORELINE OR : - betueen Drains |
E | | HOURS on |
L“_ NUSKEGON, KI 49441 H Unit s |
Ll ooil s
USTOMER SUPPLIED INFORMATION [| Comments: i
SAKPLE TAKEN AT NORMAL DRAIN ANTI-FREEZE COOLING : g
HO ADDITIVES ENTERED. lL !
A

JODE: T=TRACE A=ACCEPTABLE B=BORDERUNE E=EXCESSIVE
SAMPLE IDENTIFICATION

o5t 1
Heas'd @00 1 FUEL I abs/ce

g (8 iy i i H . | b £ b H i
2079336 11/29/02 3497 188 S0 49 WL 145 T 20 1% 19,8 16 2 7 2 A
2071624 11/07/02 3309 @ S0 49 seL 7.2 T er 61 5.3 16 2 9 2 8 i

SAKPLE IS IN USABLE CONDITION WITH NO ABNORMAL MWEAR METALS DETECTED. EXTEND DRAIN BY (58 HR).

Comeents: Go to www.kendallsotoroil.com

- AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

% Kendall LUBRICANT ANALYSIS SYSTEM (KLAS)
X KENDALL MOTOR OIL

fi——= ' =~
550 CHESTNUT STREET EXT,, BRADFORD, PA 16701
. it | 1111111
D
8 Phone: (517)485-2285  Fax: (517)485-0605 DATE \ C. 429988
; SPARTAN OIL CORPORATLOM 84 i ;
| 419 SPRING STREET 11/87/82 Customer #: 21561
B P.0. BOX 18216 LAB NUMBER .‘GRAND WALLEY STATE UNIVERSITY nlIl
T LANSING, NI 48901 Unit & NGJSHDE
0 2071624 NiM g DETROLT 6V92
|} ‘Loe = Diesel Engine
= [f Lube s: - 80 40 ||
= c’i TOMY FIORE ““Gamgle Taken : =
g Phone: (616)895-3986 Fax: (616)895-3864 set _;EL at Horsal Drain
T GRAND VALLEY STATE UNIVERSITY AMRI ‘___ at Extended Drain
a 748 SHORELINE OR ___ between Drains
E
|i HUSKEGON, NI 49441
CUSTOMER SUPPLIED INFORMATION '
— GAKPLE TAKEN AT NORMAL DRAIN ANTI-FREEZE CODLING 1
AKOCD GUARDIAN ADDED TO FUEL

CODE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

ANALYTICAL RESULTS

o8t H
Rec'd Neas'd @168 % FUEL X abs/ca

HK/D0/YY On Uni g SAE VISC H?0 OIL SOL VAR IRON COPP LEAD ALUM SIL CHR TIN SO0 POT
2071624 11/07/92 3309 o SD 48 oL 12 T M 5.3 16 2 9 2 8 1 3 1 3

SAMPLE IS IN USABLE CONDITION WITH NO ABNORMAL MEAR METALS DETECTED.
CANHOT ADVISE ON DRAIN EXTENSION DUE TO INSUFFICIENT INFORMATION.

Wk =S M bE

Comments: Go to wew.kendallmotoroil.com

CAUTION - AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
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nl-ln Analytical dervices

UNIT NO.: DBVF214466 MODEL 6V92

DESCRIPTION:  RIGHT ENGINE DIL BRAND: TEXACO
18419 EUCLID AVENUE END USER: CAPT FIDRE DILTYPE: URSA SUPER PLUS 40 NO. COPIES 2
CLEVELAND, OH 44112-1016 GVSU AWRI SERIAL NO.:
(800) 726-5400, FAX (216) 383-8633 END USER LOCATION:  MUSKEGON, MI 43441 FUEL TYPE: DIESEL

SAMPLE DATA SPECTROCHEMICAL ANALYSIS (ppm) PHYSICAL PROPERTIES

=
5
&
g
=l
=

NA 1608 0 0.1

ADDITIONAL TESTS

Koy T D]
A: Abnormal  €: Critical MICATE S o

BOB CREEK/ED RUPP

VAN ECK DIESEL SERVICES INC

HOLLAND, Mi 49424 RESULTS OF TEST PERFORMED INDICATE NO CORRECTIVE ACTION REQUIRED.
233200

ANALYST-MXL

CAPT FIORE
GVSU AWRI
740 WEST SHORELINE DR
MUSKEGON, MI 49441 Ry o
WG = eSS BBl
C 100 Rev 601 u.s:!..n..l-rll!iii%iii.ﬂ!ﬂ-iﬁgan?tiillgilisi%!ili&!ii‘lﬂlil!nﬁ.‘?‘i
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Untitled Document Page 1 of 3

DETROIT DIESEL

e

FrankStrand Dua & Coach Salet
13490 West Outer Drive Detroly, M Hes 2394001
Phaae: 31+392-5060 Fax: 3126927056

May 22, 200

Keith Ciampa

World Energy

1 Baardway

Suite 600

Cambndgs, MA 02142

Caar Keith:

Aitacked you wil find copies o the Bio-tiese! Fuels irformation thal you requested. Pizaw lel me krow B
you have any ol questisns

Frank Sirand
Operations Manage-
Sus & Coach Sales
313.502-5668 phona
313-510-4749 cell

http://www.worldenergy.net/Warrenties/detroit.asp 10/31/2002
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Untitled Document rage 2 or 3
i
Pranary i £S1n Tet Method Ha. 1-D _tio20 |
APV Grmvity, @ €0 0787 33 -44 8:-53
Cpoufc Geasty ©60°F! 01238 0£D3 - Q025 088 - ORI
Fosh Pors, *, e oel . 38 2
ooty Mnanate 5T 8 405 Das 13-24 1%-41 {
Sutir witte M D522 0 poS* 05005 '
CloxgiPot *F O D2300 [T - Hale y
Cativa Na. MV c613 45 &
o] Comeieacian cany 23 &)
Dstéaton 5 VUL Fecavesy, °F Q) [EE-%]
NP, Troice Kediter] 378 {19
1% Tyoaca's 3850190 £33 221
6% Tyeai b +25(218 510 208
DY Nt 200 {200 €25 pi
ES bl & €50 (263} gt 955'
Raconod Vo, 5 40 0 88 B
| v pom Mace DIred 200 220
Sedvent povnlie $ 02260 D542 i - | 10
Aoy, % b 46?2 P01 001
Caron Rusdud 00 1055, wite, Max DE2s ({30 055 \
Ceaper Sondion, Mad 17130 o 3 2. 30 |
Anstarsad Soage Sasey Mace 02274 15 et 1 Hegt
Crupert Padt Teat, Pating Max s Tar2161% 7 | 7
Lubvichy, g, A oy /0 2620 1
Table 6. Diesel Fuc! Specification Table (sce symbels and notes below)
e melel n ATWDYTE
i Drelr ALWD TS
. 1he B Cote of dheat L 0 i T oy W B 8IS e SO0 Fad
S Gasfglean Viwn Ve Fuy oty
T A A e ' ey vy T 2 o oo | e W I 0
N iy ra Ll o e D L
WOIF 1, De (ol i Nt BT W) DL o) Y Ml Ve By
WOTE 2 Ve e g G £ POE e ety J - T T o o © D R @ A T
o rigit (S*E) 859 rase mathd eater (R0 70 200 Digriic
b g i : to @ matierve— of 20% T veiume it Gese! o, TE3
fiome 407 BCh B3 1080 co=gning kerotana ind ol rasuiting blend rust Mo 1ha propen ea EATT RRl L]
fst ard s2oe low Sy fudls Nave CharECICisics oo iyl Spedifcatio Teble,” Table 6,
72N 13, CAusE OPSIALEIR! CONCEIES NS0T Taine g Luch bt PO Lo 1222e CehiUY
) de 5. The LAk sl IICEDN BEIET UZAd 00 grinon padicy'atos, they ©roisa eng 3 exha st
all De'roll Diose! manulaclurod englnes hos  diesen gues contont. Ty @30 1804 0 Fasi
SEMOSUEI UOUELe OPALIN 01 B WA VIR poorr el stablyy and iy deterarato eng B ©
o fasi wHn0U tha noad tor SuppisTNEE BO RN TON more ranisy then whaly petic'so T based d=t
i Tty Uz of thesa fusls ray mguse 2 reducion 3 2
Riodiesel Fuels d-ain intervl. Thase fue! bands hase not e Ly
B odesol fuls may e produced rom & widd vad'ly cvataated relatna Lo dosal fugl sysiey guen Y &
¢! gouets and may be vsed I oY DDC espines engreol efecls
prawdad Ingy or¢ cadved from soy MEUmT ester
15
http://www.worldenergy .net/Warrenties/detroit.asp 10/31/2002
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Untitled Document

Other Fuels

in addition to the diesel fuels listed in Table 6,
customers have used other fuels successiully,

including fuels marketed as premium diesel (ueis,

kerosens-based jet luels, and other fuels ksted in Table

rage o or >

advantages lor some apo'cations, particu'arly whar
1-D type fuels are requred, and may be usad in a
Detroit Diesel engines. These fuels should b
accompanied by exhausl emission dat
.demonstraling emission equivalency 10 1-O for thos
engines requidng 1-D fus!. Fuel typs specifications an

7. These fuels have provided economic and availability appications are fisted in Table 8.

: Property Jet A7A-1 D 1658 JP-5 P8 CONUS DF-1 | CONUS DF-2 | OCONUS DF-;
AR Gravity, @ GO°F 443 411 456 423 M2 335
Flash Pont, *C 33 62 45 5] 74 70
Visoosity, Kin, ¢St Q 40°C — 15 1.2 16 28 a0
Caond Pint *C -40 45 &7 &1 -12 -19
Suttyr, % mass 03 Max 0.4 Max | 0.4 0.05 Max 0.05 Max ©.3 Max.
Caoan: Numbor —_ 42 45 44 47 ]
Dectiption % Vel Rec., *C

e8P —_ 180 157 174 190 176
10% Yypeeat 205 191 175 195 222 215
S0% Typacal Repoa 215 200 219 285 | 355
0% Max. Raport 242 235 245 313 311
Fg Bolng Point, Max. Temp. 300
r Haa Contant, Blu/gal., Net 123,608 125,270 ] 123,069 125850 131,207 127.820
Table 7. Selected Typical Fuel Properties
Type NATO Spec. Mil Spes. Asplication
i JP-4 F-40 0-T.5524 Jet Fus, Contg'os S35 Gasaing, Nt Recommands?
Fie LK Fd4 At T-5524 Jot Fusd 5
A L Fa3: }i-T.83133 Jat Al wih Dovieer end Ceqosiontonner
Jot A Hore MNona Inchustry St o et Fudd
St A F-35 Nong
. CA-VDL-2 F.54 V-F-800 CONUS
o2 F-54 VWLF.800 OCONUS

Lower density fuels, such as those fisted above and
“winter blended” diesel (ugls, have a lower volumetdc
heat eantent than the stardard 2-D fuel isted in Tab'e
6, "Diesel Fuel Specification Table.” Operaling with
trose fua's wil result in reduced engine oulput and
raduced fuel mileage compared 1o standard 2-D fuel,
Radsctions of 596 are not unusual and may be as high

Table 8. Fue! Type Specifications and Applications

as 10%5. A good rus of thumb is this: The ey
power is proportional o 1he heating valug o’ the fs

Lower dansity fus’s 250 1800 to have lywer vissar
and poor lubrication characieristics. Fuel fiitral
should be changsd 1 Powerguard Pius fis wh
are recommandad for "severe duly sernvice” to prev
polential injeclor seizure from dirt contaminald”
fusl.

http://www.worldenergy net/Warrenties/detroit.asp

10/31/2002
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DETROIT DIESEL c-%
Lubricating Qil, Fuel, and Filters L

s

Engine Requirements
B e S e N AR S A1 Sy 10t W S0 AL 5 R i et e o o i B S T e S RS S S e R
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Alaska Diesel Electric
Engine Data
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\ LUBRIUAN| ANALYSIS SYDIEM (RLAD)
., KENDALLMOTOR OIL
i

=
550 CHESTNUT STREET EXT., BRADFORD, PA 16701

[T

PH: (877) 285-9540 FAX: (814) 368-1363

||'

T

]
1
"D' i
. Phone: (517)485-2285 Fax: (517)485-0605 DATE ! 429989
T SPARTAN OIL CORPORATION 84 : |
T 419 SPRING STREET 11/87/82 '] Customer #: 21561
B P.0. BOX 18218 LAB NUMBER || GRAND VALLEY STATE UNIVERSITY ANRI
T LAKSING, KI 48991 Unit #: W6J1556 ||
g 2071625 T HORTHERN LIGHTS e ||
i Loc & Diesel Engine |!
'] Lube : 803 ||
c TOMY FIORE i| Sample Taken : |
g Phone: (616)895-3986  Faw: (616)895-3864 ' __ at Hormal Drain .
T GRAND VALLEY STATE UMIVERSITY AMRI i ___ at Extended Drain ||
a 749 SHORELINE DR | ___ betueen Drains I|
E {| HOURS on [
j HUSKEGON, KI 43441

Unit : |

| .} O T
WSTOMER SUPPLIED INFORMATION I

/| Comments: !
SAMPLE TAKEN AT HORMAL DRAIN ANTI-FREEZE COOLING | :
AMOCO GUARDIAW ADDED TO FUEL L

JODE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

et
Keas'd @100

N?l&i 11/07/42 3883 8 5D 38 w O1E T 1 M 2.8 7 K] i 3 [

SAKPLE 15 IN USABLE CONDITION WITH NO ABMORMAL WEAR METALS DETECTED.
CARNOT ADVISE O DRAIM EXTENSION DUE TO INSUFFICIENT INFORKATION.

Comsents: Go to wuw.kendallmotoreil.con

CAUTION - AVOID PROLONGED SKIN CONTACT WITH USED MOTOR Ol

L. WHEN TESTED ON LABORATORY ANIMALS, SKIN CANCER DEVELOPED AFTER PROLONGED
e oIy o G BEFORE REUSE

Annis Water Resources Institute MR-2003-111
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nl-ln Analytical Services

UNIT ND.: 964216263 MODEL

DESCRIPTION: M3C GNEERATOR ENGINE OIL BRAND: TEXACO
18419 EUCLID AVENUE END USER: CAPT FIORE DILTYPE: URSA SUPER PLUS 30 ND. COPIES 2
CLEVELAND, OH 44112-1016 GVSU AWRI SERIALNO: 964216263
(800) 726-5400, FAX (216) 383-9633 END USERLOCATION:  MUSKEGON, Mi 43441 FUEL TYPE: DIESEL

PHYSICAL PROPERTIES

SAMPLE DATA SPECTROCHEMICAL ANALYSIS (ppm)

=
= -] © 8
3 - 3 2 E 3 13 o g .
LAB# SAMPLE DATE : § o F P4 s § 5 3 ! 13 m si ok A5 2 28 s e B mw g
RECEIPT DATE g o 1§ $ £ 3 § 32 4 s B E ; - T S cE 24 B§ IF REH
301240 -05/06/2002 B i e i B : 0 0.0 i
e 11/06/2002 600202 000 : 818 6 121 m_mm.m .h ..__“_uu.__.mg 0.0 . 00 <1 N/A 1166 0. 0.1 NEG

NORMAL

ADDITIONAL TESTS GRAPHICAL ANALYSIS

301240 : S S o Mistory to Graph

bzbra\m_m -u-mnnv_g?___.__ ENDATIONS
RESULTS OF: TEST: PERFORMED. INDICATE:NO CORRECTIVE ACTION REQUIRED.

LAB#

Key
A: Abnormal  €: Critical

201240

BOB CREEK/ED RUPP SEEnas S i i o ANALYST-MXL
VAN ECK DIESEL SERVICES INC
HOLLAND, MI 49424

CAPT FIORE

GVSU AWRI

740 WEST SHORELINE DR
MUSKEGON, MI 49441

i b e s i nm srchrncd dthrst sy vesrTanty of Kability of sny king beyond the sctus! smount paid to CTC for the sarnvices.
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\ LUBRICANT ANALYSIS SYSTEM (KLAS)
,  KENDALL MOTOR OLL =
L]

=

550 CHESTNUT STREET EXT., BRADFORD, PA 16701 l ( ]
: o T
D i
8 Phone: (517)485-2285  Fax: (517)485-0605 | - DATE | 429989 |
I SPARTAN OIL CORPORATION B4 .
| 419 SPRING STREET /82142 || Customer #: 21561
8 P.0. BOX 18218 LAB NUMBER || GRAKD VALLEY STATE UNIVERSITY ANRI
T LANSING, HI 48991 H Unit B W631556
2 2021625 [| WK @ NORTHERN LIGHTS N3eC
Loc : Diesel Engine
Lube 50 30
't c TONY FIORE Sample Taken :
g Phone: (616)895-3986  Fax: (616)895-3864 ___ at Normal Drain
T GRAND VALLEY STATE UNIVERSITY ANRI [ ___ at Extended Drain .
° 740 SHORELINE OR - __ betueen Drains
E HOURS an
i HUSKEGON, NI 49441 baibs __ C - AN
= BiY =N
CUSTOMER SUPPLIED INFORMATION ‘| Comments:
— SAKPLE TAKEN AT NORNAL DRATN ANTL-FREEZE COOLING
AHOCO GUARDIAN ADDED TO FUEL
& b

CODE: T=TRACE A=ACCEPTABLE B=BORDERLINE E=EXCESSIVE
SAMPLE IDENTIFICATION

ANALYTICAL RESULTS

est 14
Meas'd @108 X FUEL X abs/cm
Lab M nit On §: SAE VISC H?0 OIL SOL VAR [RON COPP LFAND ALUM ST1 CHR TIW 80D POT
2071625 11/87/92 3883 8 5D 30 w 1.6 T 12 2 2.8 7 3 3 3 6 @ 1 1 Ll

SAMPLE IS IN USABLE COMDITION WITH NO ABNORKAL MWEAR METALS DETECTED.
CANNOT ADVISE ON DRAIN EXTENSION DUE TO INSUFFICIENT INFORMATION.

Comments: Go to wew.kendallmotoroil.com

SKIN CANCER DEVELOPED AFTER PROLONGED

CAUTION - AVOID PROLONGED SKIN CONTACT WITH USED MOTOR OIL. WHEN TESTED ON LABORATORY ANIMALS,

Annis Water Resources Institute MR-2003-111
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Cr1C

18419 EUCLID AVENUE
CLEVELAND, OH 44112-1016
(BO0) 726-5400, FAX (216) 383-9633

SANMPLE DATA

Analytical dervices

CUSTOMER NO.: 63825

UNITNO.: 964216263 ~
DESCRIPTION: M3C GNEERATOR ENGINE

END USER: CAPT FIORE
GVSU AWRI
END USER LOCATION:

MUSKEGON, MI 43441

SPECTROCHEMICAL ANALYSIS (ppm)

MAKE: NORTHERN LIGHTS
MODEL

OILBRAND: TEXACD

OIL TYPE: URSA SUPER PLUS 30
SERIAL NO.: 964216263

FUEL TYPE: DIESEL

NO. COPIES 2

PHYSICAL

PROPERTIES

2 W (%]
; g B 2 i e
8 i e B 2
fg 00 <1 NA

ADDITIONAL TESTS GRAPHICAL ANALYSIS

Key
A: Abnormal  C: Critical

BOB CREEK/ED RUPP
VAN ECK DIESEL SERVICES INC
HOLLAND, Mi 49424

CAPT FIORE

GVSU AWRI

740 WEST SHORELINE DR
MUSKEGON, MI 49441

WG - #1556

C 100 Rev. 6101 ?ﬁ}lfl!iii&gilil!.éﬂnﬂrnliril-l!i!!!‘ui-l-!tl!lﬁ!.i-iililll:i!ﬁiui-nelllﬂn[n_nn-n.l?lii
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(IR BT T = o DT T DTt B B S e O
Product

Support
Bulletin

e JOHN DEERE John Deere Power Systems

DATE: 12 October 2001
FUNCTIONAL GROUP CODE: 0400

APPLIES TO: John Deere PowerTech® and Non PowerTech® Diesel Engines

SUBJECT: BIODIESEL FUEL IN JOHN DEERE DIESEL ENGINES
DTAC SOLUTION: Legacy KX50441, Web 50441

The term "Biodiesel" describes the various fuels collectively known as Fatty Acid Methyl Ester
(FAME). The most common source of biodiesel is soybean in the U.S. and Rape Seed in
Europe. Biodiesel maybe referred to by a number of more specific terms, the most common
being:

* Soybean Methyl Ester (SOME)

* Rape Methyl Ester (RME)

* Plant Methyl Ester (PME)
Biodiesel fuels may be used in John Deere diesel engines only if the fuel meets the provisional
ASTM PS121 (U.S.) or DIN 51606 (German) specification listed in Table A.

NOTE: Raw pressed vegetable oils are NOT acceptable for use for fuel in any
concentration. These oils do not burn completely, and will cause engine failure by
leaving deposits on injectors and in the combustion chamber.

While a major environmental benefit of a biodiesel fuel is its ability to biodegrade, users must
recognize that storage and handling is of prime importance as indicated below:

e Ensure the quality of the biodiesel fuel (fuel meets the specifications in Table A).

Keep storage and vehicle tanks as full as possible to prevent moisture from collecting inside.
Ensure all tank caps and covers are installed properly to prevent water from entering.
Monitor water content of the fuel regularly (Bonds with water, creating acids).

Limit the storage tanks from extreme temperatures (i.e. Direct sun or frost).

Limit the storage to under 1 year due to shelf life (degrades quickly, microbes, oxidation).
Wash down spills with clean water immediately to prevent corrosion and damage to paint.
Fuel filter may need to be replaced more often due to premature plugging.

Check engine oil sump level daily prior to starting, a rising level may indicate lubricating oil

dilution. This check is important for all engines and even more critical for engines equipped
with rotary FIP.

¢ |Instability resulting from blending biodiesel with mineral diesel fuel.

ABCDEFG ﬁ

Annis Water Resources Institute MR-2003-111
Grand Valley State University 62 of 62



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

APPENDIX VII
CORRESPONDENCE
Detroit Diesel Corp.
Cummins, Inc.

Dr. Alvin Womac
Dr. Leon Schumacher
Northern Lights
Dr. Nigel Clark
Dr. Harvey Nikkel

Misc.
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ENGINE REQUIREMENTS — LUBRICATING OIL, FUEL AND FILTERS
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OIL DRAIN INTERVALS

4.5 USED LUBRICATING OIL ANALYSIS

Detroit Diesel's POWER Trac used oil analysis program is recommended for all engines. Qil
analysis consists of laboratory tests to indicate conditions of the engine and/or the lubricant.
The “Waming Limits™ are listed in Table 4-4, “Single Sample Used Oil Analysis Wamning
Limits.” Oil analysis cannot completely assess the lubricating oil and should not be used to

extend oil drain intervals. Qil should be changed immediately if contamination exceeds warning
limits listed in Table 4-4.

Annis Water Resources Institute MR-2003-111
Grand Valley State University 4 of 42



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

From: "Cantrell, Steve" <Steve.CantreligdDetroitdiesel.com>
To: "udelib@gvsu.edu™ <udellb@gvsu.edu>

Date: 2/21/03 3:.03PM

Subject: OIL INFO

Mr. Udell,

The oil information can be found in DDC publication 7SE270.
| have included the following in this note:

Iron: <250

Copper: <25

Lead <10

| hope this helps.

If you have any comments please contact.

Thanks

Steve Cantrell

Marine Application Engineering
Detroit Diesel Corp.

Phone: 313-582-7805

Fax: 313-582-7102

Annis Water Resources Institute MR-2003-111
Grand Valley State University 50f42



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

Bob Udell - RE: Manufacture date of 6V92 engines

From: "Wickenheiser, Kenneth" <Ken,Wickenheiser@detroitdiesel .com=>
To: "Bob Udell™ <udellb@gvsu.edu>

Date: §/25/2002 11:02 AM

Subject: RE: Manufacture date of 6V92 engines

Bob,
Baoth your engines were bullt in March of '96. That is the most accurate [ can get.

Kan

--—-—Qriginal Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]
Sent: Tuesday, September 24, 2002 3:42 PM
To: ken.wickenheiser@detroitdiesel.com
Subject: Manufacture date of 6V92 engines

Ken:

Here's the information you requested | sand,
2 - 6VE2's

First:

Unit 6vF2 14466 5.0,
S3588 Model BOB27E20
325 HP at 1800 RPM
Level 1 DDEC

Second:

UMt 6vF214431 5.0,
836667 Model BOGZTK21
325 HP at 1800 RPM
Level 1 DDEC

Thanks for you help.

Bob Udel

Research Assistant/Blofusl Analyst
Annis Water Resources Institute
Grand Valley State University,

740 W, Shoreline Dr.

Muskegon, Mi 49441
(616) BY5-3945
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CORRESPONDENCE

Cummins, Inc.
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From: <Powermaster@cummins.com=>

To: <ydellb@gvsu. edu>

Date: 9/26/02 4:50AM

Subject: Re: RQSTO0000088408 use of biofuels

Summary: use of biofuels

Solution:

Thank you for your email on the use of biofuels, soy diesel; we omitted ethanol additions to diesel which
we do not allow.

As far as the specific engine for which you requested information:

Date of mfg: 28 January, 2002.
Other useful info: CONFIGURATION Number D402013MM22 ; CPL 2891

Cummins has not published any information about using or testing engines that run on soy based fuels.
Cummins engines are designed to operate on No. 2 diesel fuel. We are not aware of any conversion
components for Cummins engines to be run on soy fuels.

Cummins diesel engines will run on a great variety of fuels, but some fueis will give better performance,
higher efficiency, improved reliability, or lower maintenance costs than others. Fuel must be selected
based on overall operating costs, not just on the price per gallon. Cummins Diesel engines have been
developed to take advantage of high-energy content and generally lower cost of No. 2-D fuels.

Cummins engines are designed to operate on commercially available Grade No.2 D fuel that meet the
requirements of the American Society for Testing and Materials (ASTM) D875, Standard Specifications
for Diesel Fuel Oils. Cummins recommends the use of a premium diesel fuel during winter operating
conditions (20 degF or below).

Most all fuel suppliers in cold climates blend about 30 % No. 1 fuel in with the No. 2 diesel. Cummins
does not recommend use of straight No. 1 fuel or kerosene, since It does not have enough lubrication
gualities to avoid excessive wear on fuel system components. If ambient temperatures require the use of
straight No. 1 fuel, then a lubrication additive should be added to the fuel.

Cummins diesel engines will operate on some 'Emergency’ type fuels, however, fuels outside the
recommended fuel oil properties are only meant to be used for short periods of time when no other fuels
are available. Use of emergency fuels can have an adverse effect on engine performance and durability
and Cummins assumes no warranty responsibility for repairs or increased costs of operation resulting
from the use of fuels that do not conform to our recommendations.

Many 'Emergency’ type fuels that do not conform to Cummins recommendations and do not have
sufficient lubrication qualities, which may require additional maintenance and repairs lo the engine fuel
system components. Also some Emergency fuels are much more flammable than No. 2-D which may
place the engine or operalor at risk of fire or explosion.

Under no circumstances must gasoline, gaschol or alcohol be blended with diesel fuel. This practice
creates an extreme fire hazard and under certain conditions an explosive hazard.

We have a 'Fuels for Cummins Engines’ bulletin no. 3378001-05 to better familiarize yourself with our
fuel specifications for your engine, that can be ordered from our literature supplier. You can reach
Gannett Direct Marketing by calling 1-800-646-5609

or call 1-800-DIESELS and select the literature option or emailto  inquiry@gdms.com

02-28: Update - Cummins Position on Biodiesel

This communication serves as a general update on Cummins position on the use of biodiesel fuel. This
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From: <Powermaster@cummins.com>
To: <udellb@gvsu.edu>

Date: 2/20/03 12:13PM

Subject: Re: RQSTO0000121397

Summary; Engine oil analysis and recommended wear limits
Solution:
Thanks for your Email message.

Cummins, Inc. has no published guidelines for wear metal contaminant levels. Oil analysis is a tool of
the oil industry and may be used by Cummins in Laboratory tests but is not used by Cummins to
determine oil change Intervals. Oil change intervals are established at Cummins by actual engine testing
in the Lab and in test equipment at customer locations. The published oil change intervals listed in
Cummins manuals are established to provide excellent reliability and durability of the product.

Various Cummins engine families have different B50 'life to overhaul' expectations (300,000 miles for
the mechanical B5.9; 400,000 for the ISB electronic BS.8), therefore the oil change intervals are different
for some Cummins engine models. Cummins provides the oil change recommendations as well as the
recommended olls to be used in Cummins engines and the end user must decide whether to follow these
recommendations.

Cummins neither approves or disapproves of products made by other companies. Cummins does
recommend that you use a quality multi-vis 15w40 oll that meets or exceeds API performance
classification CF-4 SG or SF. The additive package in these oils is adequate for Cummins engines and
additional oil additives are not necessary.

B and C series Cummins engines, with sliding cam tappets, require dual rated oils that include SG or SF
qualities. This is described In Cummins Service Bulletin 3810340-02 (Oils for Cummins engines) daled
May 1998, and in the B5.9 Operation and Maintenance (O&M) Manual, bulletin No. 3810205-12 (1/96).
Cummins recommended oil change interval for the Cummins B5.9 engine is 3 months or 6000 miles,
whichever comes first, regardless of the brand of oil used.

It's best not to collect a sample from the bottom of the oll pan. Contaminants tend to collect there in
higher concentrations than in the rest of the oil, so you'll get an Inaccurate sample. For oil analysis on our
B and C field test engines, we use a company called Lubricon Inc.. They sell a small fitting that you can
install into the top of the oil cooler, above the cil filter (next to the line going to the tu rbocharger). You
can attach a hose to this fitting to collect oil into the sample baottle.

There are several other companies that do oil sampling; we would recommend that you go to your
nearest Cummins distributor or Dodge dealer and ask them who they use for oil sample analysis. They
will be familiar with local oil analysis labs, and they may also have sample kits ready for purchase.

If you need oil analysis, we are familiar with the following oil analysis provider:

Lubrican Inc.

Lubricant Consultants, Inc.
350 E Churchman Avenue
Beech Grove, IN 46107
Tel. 317-783-2668

Fax 782-9383

Recently we have learned of another location to send in oil samples for analysis. Many Cummins
Distributors use the following location:
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Polaris Laboratories
146 S. Park Av.
Indianapolis, In. 46202
Tel. 317-808-3750

We thank you for your interest in Cummins products. Please let us know if you need assistance in
locating the nearest Cummins-authorized Dealer or Distributor Service Provider. For assistance in
locating a Service Provider, feel free to use Cummins North America Dealer Locator, which can be found
on Cummins website:

hitp://www.cummins.com/service_locatorfindex.cfm

Please let us know if you have other questions and if away from your computer or have a time-critical
request that needs mare urgent attention, feel free to call us toll-free (from North America) at
1-800-DIESELS (343-7357). Customers may aiso call Cummins switchboard 1-812-377-5000 (worldwide
toll call) and ask for the "800-DIESELS Call Center” for assistance.

Emall direct: powermaster@cummins.com
Regards,

Powermaster

Customer Assistance Center
Cummins, Inc.

Columbus, Indiana, USA

Details:
Gentlemen:

| have been reviewing the Operation and Maintenance Manual looking for
the wear limits recommendations on metals in the lubrication oil. We
have been completing this analysis and am not sure what the limits
should be. The Bulletin No.3666022-04 suppliled with the engine does
not seem to have this information.

Our Cummins 8BT5.9L M180 is installed in our Research Vessel D.J.
Angus.

Robert (Bob) Udell

Research Assistant/Biofuel Analyst
Annis Water Resources Institute
Grand Valley State University.

740 W. Bhoreline Dr.

Muskegon, Mi 49441

(616) 895-3845

Annis Water Resources Institute
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Polaris Laboratories
146 S. Park Av.
Indianapolis, In. 46202
Tel, 317-808-3750

We thank you for your interest in Cummins products. Please let us know if you need assistance in
locating the nearest Cummins-authorized Dealer or Distributor Service Provider, For assistance in
locating & Service Provider, feel free to use Cummins North America Dealer Locator, which can be found
on Cummins website:

hitp:/iwww.cummins.com/service_locator/index.cfm

Please let us know if you have other questions and if away from your computer or have a time-critical
request that needs more urgent attention, feel free to call us toll-free (from North America) at
1-800-DIESELS (343-7357). Customers may also call Cummins switchboard 1-812-377-5000 (worldwide
toll call) and ask for the "800-DIESELS Call Center” for assistance.

Email direct: powermaster@cummins.com
Regards,

Powermaster

Customer Assistance Center
Cummins, Inc.

Columbus, Indiana, USA

Delails:
Gentlemen:

| have been reviewing the Operation and Maintenance Manual looking for
the wear limits recommendations an metals in the lubrication oil. We
have been completing this analysis and am not sure what the limits
should be. The Bulletin No.36866022-04 suppliled with the engine does
not seem to have this information.

Our Cummins 6BT5.9L M180 is installed in our Research Vessel D.J.
Angus.

Robert (Bob) Udell

Research Assistant/Biofuel Analyst
Annis Water Resources Institute
Grand Valley State University.

740 W. Shoreline Dr.

Muskegon, Mi 49441

(618) 895-3845
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From: <Powermaster@cummins.com>

To: <udellb@gvsu.edu>

Date: 2/27/03 2:13PM

Subject: Re: RQST00000122715 lc biish biofuels & f/syst failures

Summary: Ic bfisb blofuels & fisyst failures

Solution:

Thanks for your email. Thre is a major difference: non Issue for you, and a non-issue for most ISB
OWNEFS....... excopt for the early B's, which had rotary pumps, the later models had Bosch P7100 inline
pumps, which are lubricated by engine oll; the Issue for most VP-44's has been proven to be, in most
cases, a result of insufficient fuel flow or contaminated fuel, while some of the VP-44 failures have been
attributed to lift pump failures.

The fuel system was changed for the 2003 Ram trucks and the Oclober 2002 emissions to the Bosch
High-Pressure Common Rail, but the main reason for the changes are to meet new EPA standards. It
should be noted that even low-cost VE pumps, given proper fuels/iters would last hundreds of
thousands of miles, 50 the use of fuel as a pump lubricant is not a design issue, but rather an operation
and maintenance issue.

You can't just believe or accept as true everything you read on the Intemet and think it is going to
happen 1o you. Yes, there have been failures of the lift pumps and VP44 Injection pumps. The numbers
are not near as great as what you are lead to believe.

The VP44 is completely fuel lubricated, as the VE pump Is. It does not use ol lubrication like the P7100
does. The VP44 is expected to last at least a long as the P7100 in normal automotive applications.
However, we obviously have much mare *long-term" experience with the P7100 than we do with the
VP44, s0 our knowledge base Is still evolving. Soon after launch, the VP44 had its share of problems,
Just as the P7100 did when it was introduced, but we have worked closely with BOSCH to correct the
issues with the pump, and we're confident that the VP44 will be a rellable fuel pump.

Fuels with low lubricily can cause increased wear or seizure of the VP44 fuel pump intemal components.
If you are not sure of the fuel you use add a lubricity additive is required. The use of biofuels Is not
approved by Cummins.

In March 2000, we contacted Bosch and they advised us that the so-called "B-10" life of the VP44 Is
2000 hours at full fuel rating, In other words, If & pump were operated at 100 percent rated horsepower
for 2000 hours, only 10 percent would fail; 90 percent would be okay. As the typical duty cycle of the ISB
is considerably less than this, the expected life expectancy is considered more than adequate given
proper fuels are used and proper restrictions are evident.

02-28-02: Update - Cummins Position on Biodiesel
Background

With increased interest in emissions and reducing the use of "pefroleum distillate-based fuels,” some
governments and regulating bodies are encouraging the use of bio fuels, Biodiesel fuels should be
considered experimental at this time. Govemmental incentives and/or environmental legislation to use
blo fuels may have an impact on the sales and use of Cummins engines. This document attached below
outlines Cummins criterla and parameters when using biodiesel fuel.

Warranty and Use of Biodiesel Fuel in Cummins Engines
Cummins neither approves or disapproves the use of biodiesel fuel. Cummins is not in a position to

evaluate the many variations of biodiesel fuels or other additives and their long-term effects on
performance, durability, or emissions compliance of Cummins products. The use of biodiese! fuel does

Annis Water Resources Institute MR-2003-111
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not affect Cummins Material and Workmanship warranty. Failures caused by the use of biodiesel fuels
or other fuel additives are NOT defects of workmanship and/or material as supplied by Cummins Inc.
and can NOT be compensated under the Cummins warranty.

You can find our statements on Biodiesel, Ethanol Diesel (or E-Diesel), and PuriNOx diesel on our
websile at http:/iwww.cummins.com/na/pages/en/customerassistance/fag/index.cfm#s.

Thank you for choosing Cummins power or products. Please let us know if you need assistance in
locating the nearest Cummins-authorized distributor or dealer. Please feel free to use our International

Dealer Locator: (http:/Awww.cummins.com/partserv/intro.html) found on the Customer Assistance page of
the Cummins websiie (www.cummins.com).

Let us know if have other questions, or if away from your computer, feel free to call us (toll-free, from

North America) at 1-800-DIESELS (343-7357), or 1-812-377-5000 (toll call, worldwide, ask for
800-DIESELS).

Regards,

Powermasler

Customer Assistance Center
Cummins, Inc.

Columbus, Indiana, USA

Email: powermaster@cummins.com

Detalls:
Gentlemen:

| have some questions regarding the subject engines.

We have a 6BTS.9L M180 engine installed in one of our researh vessels.
Does this engine have the rotary injector pump with aluminum
construction that has been subject to some recent failures?

Also, a concemn has been expressed over the lift pump contributing to
some of these fallure due to a reduction in oulput pressure that resuits
in reduced lubricity (from reduced fuel) in the rotary pump.

| am aware that the ISB 5.9 installed in Freightliner buses has the
rotary injector pump but are there any signifiicant differences between
the two engines i.e. ISB5.9L and 6BT5.9L M1807

Robert (Bob) Udell

Research Assistant/Biofuel Analysl
Annis Water Resources Institute
Grand Valley State University,

740 W, Shoreline Dr.

Muskegon, Mi 49441

(616) 895-3945

Annis Water Resources Institute MR-2003-111
Grand Valley State University 13 of 42



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

From: <Powermaster@cummins.com=

To: <udellb@gvsu.edu>

Date: 2/28/03 10:03AM

Subject: Re: RQSTO0000122715 Ic blisb biofuels & fisyst failures

ok, the engine in the vessel; yes, that is a 6B, 12-valve design and would have the Bosch inline pump,
lubricated by engine oil........Powermaster -
‘_ Icl_;"lﬂ-llg I"U-A.'r_]
ON Vhereated 1€
Aa?gw b s L,
pusmps declo! Vos
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From: <wave.master@Cummins.com=

To: Bob Udell <udellb@gvsu.edu>

Date: 3/6/03 4:50PM

Subject: Re: RQSTO0000122715 Ic blfisb biofuels & fisyst failures
Bob,

Lucas pumps are fuel lubricated.

Besl Regards,

Wave Master

rjs

Bob Udell <udellb@gvsu.edu> on 03/06/2003 04:22:28 PM

To: wave.master@Cummins.com
CC!

Subject: Re: RQST00000122715 Ic bfisb biofuels & f/syst failures

Wave MAster:
Is this a lubrication oil or a fuel lubricated pump ?

Bob

>>> <wave.master@Cummins.com> 03/06/03 04:18PM >>>

Bob,

According to our records your engine was built with a Lucas CAV DPA
Eit;ﬂprrxmp. The Cummins part number is 4020111, The supplier part number

is
3369F as you have from the id plate.

I've not heard of the type of failure that you noted.

This pump Is very different from the ISB fuel pump. About the only
similarity is the fuel lines connect somewhat similar, therefore they
:;}‘I]nme bit alike.

Please let me know if you have any other concems.

Best Regards,

Wave Master,

s
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Bob Udell <udellb@gvsu.edu> on 03/06/2003 02:04:27 PM

To: wave.master@Cummins.com
ce:

Subject: Re: ROST00000122715 Ic b/isb biofuels & fisyst failures

Wave.master:

| have been comespondioing with Powermaster and have sent him that
info but to short cut the process here it is again:

BBTS.9L M180 Ser. No. 46181244 configuration D402013MM22 CPL 2891.

Power master told me that our engine has a Bosch inline injector
(P7100

| think) pump but the fleet captain gave me the Delphi number from the
pump data plate.

My question concerned the failures in the VP44 injector pump and the
contributions to those failure by the lift pump. We would rather not
have the injector pump that is falling on our vessels.

Bob Udell

>>> <wave.masten@Cummins.com> 03/06/03 01:44PM >>>

Bob Udell,

Thank you for contacting Cummins Marine/Cummins MerCrulser Diesel Wave
Master,

We will need your engine serial number to determine which pump was
installed on your engine.

Probably what you have is a Lucas C.A.V. DPA pump. If you send your
serial

number, | will be able to check with some of our engineers about your
questions,

The ISB engine has many differences. The ISB fuel pump is electronic
contralled, about the only similarity is looks. The ISB has a 24 valve
cylinder head, different block, different injectors, different

pistons,

and

other differences.

This is the statement usually sent to customers with inquiries

regarding
biofuels.

Cummins neither approves nor disapproves the use of biodiesel fuel.
Cummins Is not In a position to evaluate the many variations of
biodiesel fuels or other additives and their long-term effects on
performance, durability, or emissions compliance of Cummins
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Bob Udell <udellb@gvsu.edu> on 03/06/2003 02:04:27 PM

To: wave master@Cummins.com
cc:

Subject: Re: RQST00000122715 Ic bfisb biofuels & fisyst failures

Wave.master:

| have been comespondioing with Powermaster and have sent him that
info but to short cut the process here it is again:

BBTS5.8L M180 Ser. No. 46181244 configuration D402013MM22 CPL 2891.

Power master told me that our engine has a Bosch inline injector
(P7100

| think) pump but the fleet captain gave me the Delphi number from the
pump data plate.

My question concerned the failures in the VP44 injector pump and the
contributions to those failure by the lift pump. We would rather not
have the injector pump that is falling on our vessels.

Bob Udeill
>>> <wave.master@Cummins.com> 03/06/03 01:44PM >>>

Bob Udell,

Thank you for contacting Cummins Marine/Cummins MerCrulser Diesel Wave
Master.

We will need your engine serial number to determine which pump was
installed on your engine.

Probably what you have is a Lucas C.A.V. DPA pump. If you send your
serial

number, | will be able to check with some of our engineers about your
guestions.

The ISB engine has many differences. The ISB fuel pump is electronic
controlled, about the only similarity is looks. The ISB has a 24 valve
cylinder head, different block, different injectors, different

pistons,

and

other differences.

This is the statement usually sent to customers with inquiries

regarding
biofuels.

Cummins neither approves nor disapproves the use of biodiesel fuel,
Cummins Is not in a position to evaluate the many variations of
biodiesel fuels or other additives and their long-term effects on
performance, durability, or emissions compliance of Cummins
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Grand Valley State University 17 of 42



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

products.
The use of biodiesel fuel does not affecl Cummins Material and

Workmanship warranty. Failures caused by the use of biodiesel
fuels
or

other fuel additives are NOT defecls of workmanship and/or material
as

supplied by Cummins Inc. and can NOT be compensated under the
Cummins

warranty.

If you need assistance in locating a Cummins Distributor or Dealer
call

us

toll free at 1-B00-DIESELS (343-7357) or use the following link, and
choose

the appropriate region.
http:/hwww.cummins.com/index.cim?changecountry=irue

Or dial [011] 812-377-8136 (International)

Visit our Web site at [http://iwww.cummins.com/], or [
http://www.cmdmarine.com/]

Best Regards,

Wave Master

ris

udellb@gvsu.edu on 03/06/2003 11:38:22 AM
Please respond to udellb@gvsu.edu

To: wavemaster@cummins.com
cc:  udellb@gvsu.edu

Subject: Re: RQSTO0000122715 Ic bfisb biofuels & fisyst failures

Bob ....we're realizing now that we should have forwarded your email
to

the

Marine Group initially, but got sidetracked on the discussion of
biofuels,

Cummins Marine - the customer has questions regarding the fuel system
on

his B5.9 Marine engine, and also about the compatibility (or lack
thereof)

with biofuels; we should have passed this 1o you sooner ... my

mistake,

Bill in Powermaster (we've included the previous and also an earlier

Annis Water Resources Institute MR-2003-111
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email)

BEGIN CRIGINAL

MESSAGE

Powermaster:

Thank you again for your trouble and quick response. Followiing the
E-mail below | had our Fleet Captain check our pump against the
information that you transmitted, He informs me that our Cummins has

a
Delphi Fuel pump model 32368F341WW Type 13315er. No. 189800KUG.

Is this fuel pump a Bosch pump private branded by Delphi and how does
it relate to the information previously sent?

Bob Udell

>>> <Powermaster@cummins.com> 02/28/03 10:02AM >>>

ok, the engine in the vessel; yes, that is a 6B, 12-valve design and
would have the Bosch inline pump, lubricated by engine
oil........Powermaster

END ORIGINAL

MESSAGE

Gentlemen:
| have some questions regarding the subject engines.

We have a 8BT5.9L M180 engine installed in one of our researh vessels.
Does this engine have the rotary injector pump with aluminum
construction that has been subject to some recent failures?

Also, a concern has been expressed over the lift pump contributing to
some of these failure due to a reduction in output pressure that
results

in reduced lubricity (from reduced fuel) in the rotary pump.

| am aware that the ISB 5.9 installed in Freightliner buses has the
rotary injector pump but are there any signifiicant differences
between

the two engines i.e, 1SB5.9L and 6BTS5.9L M1807

Robert (Bob) Udell

Research Assistant/Biofuel Analyst
Annis Water Resources Institute
Grand Valley State University.

740 W. Shoreline Dr.

Muskegon, Mi 49441

(616) B95-3945
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CORRESPONDENCE

Dr. Alvin Womac
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From: "Alvin R. Womac" <awomac@utk.edu>

To: "Bob Udell" <udellb@gvsu.edu>

Date: 9/17/02 2:10PM

Subject: RE: Appliation of biodiesel in the marine environment

Oh, yep the exhaust el had the coolant sea water discharged through a
coaxial pipe arrangement - | simply plumbed the internal exhaust separately
so that | could use it to dose the water for the fish.

The underlying assumption was that the exhaust would be water discharged -
hence the effect on fish was examined.

Don't know about gaseous exhaust uptake differences between fresh and sait
water.

-—---0riginal Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]

Sent: Tuesday, September 17, 2002 11:13 AM

To: awomac@utk.edu

Subject: RE: Appliation of biodiesel in the marine environment

Alvin:
Thanks again.

The root of my question was exhaust contamination of the raw water flow
which | assume will be different for fresh or sea water.

Bob

>>> "Alvin R. Womac" <awomac@utk.edu> 09/17/02 09:51AM >>>

Bob,

Actually the swimming pool only provided capacitance of fresh water for the
engine cooling circuit that cooled a heat exchanger serving as a radiator
(i.e. pull in "seawater" that cools the engine glycol circuit through a heat
exchanger). Fresh water was not in direct contact with the engine block as

| recall.

There should be little if any effect on engine cooling whether it be fresh

or sea water for the engine that | tested. The sea water pump pulled such an
enormous volumetric flow rate that sea water temperature also had no
appreciable effect on engine temperature. The sea water circuit was overly
designed.

Fish mortality tests were in fresh water (Dechlorinated city water).

Al

Annis Water Resources Institute MR-2003-111
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From: "Alvin R. Womac" <awomac@utk.edu>

To: *Bob Udell" <udellb@gvsu.edu>

Date: 9/17/02 9:59AM

Subject: RE: Appliation of biodiesel in the marine environment
Bob,

Actually the swimming pool only provided capacitance of fresh water for the
engine cooling circuit that cooled a heat exchanger serving as a radiator
(i.e. pull in "seawater” that cools the engine glycol circuit through a heat
exchanger). Fresh water was not in direct contact with the engine block as

| recall.

There should be little if any effect on engine cooling whether it be fresh
or sea water for the engine that | tested. The sea water pump pulled such an
enormous volumetric flow rate that sea water temperature aiso had no

appreciable effect on engine temperature. The sea water circuit was overly
designed.

Fish mortality tests were in fresh water (Dechlorinated city water).

Al

—---Original Message--—-

From: Bob Udell [mailto:udellb@gvsu.edu]

Sent: Tuesday, September 17, 2002 8:40 AM

To: awomac@utk.edu

Subject: RE: Appliation of biodiesel in the marine environment

Alvin:

Thank you for your quick and informative response. | have not read the
papers in their entiriety as yet but a quick question comes to mind. Your
testing was done with fresh water, from an above ground swimming pool for
some of the testing. | assunme that this water was not clorinated or
replicate seawater.

Bob

>>> "Alvin R. Womac" <awomac@utk.edu> 09/16/02 04:43PM >>>

Bob,

I've attached a summary article (96YLDSL..) published in "Liquid Fuels and
Industrial Products from Renewable Resources,” Proceedings of the Third
Liquid Fuel Conference, published by ASAE, St. Joseph, MI, 1996 presented in
Nashville & also presented at Yellowstone National Park in a Biodiesel
meeting.

Also attached is a report (96Biod...) to the National Biodiesel Board - same
information, but more interpretive information.

Annis Water Resources Institute MR-2003-
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Don't let the engine set for a year or two with 100% biodiesel - else you

may encounter some gum problems. | replaced one fuel lift pump (~$50 as |
recall) on the Volvo marine engine - possibly because it's elastomer in
contact with the fuel was not compatible.

| assume that you are in contact with NBB (National Biodiesel Board).
Have the engine manufacturer on board (the project) so that they can advise.

Regards, Al

Alvin R. Womac, Ph.D., P.E.
Biosystems Engineering & Environmental Science Dept.
The University of Tennessee

P.S. ...... Grand Valley - seems as | recall that they have a good Power
Hydraulics section - as mentioned in the Fluid Power magazine.

--—---Original Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]

Sent: Monday, September 16, 2002 2:20 PM

To: awomac@utk.edu

Subject: Appliation of biodiesel in the marine environment

Sir:

Annis Water Resources Institute of Grand Valley State University operates
two diesel powered research vessels on the Great Lakes out of Muskegon,
Michigan. We are considering operating our vessels on biodiesel as a
feasibility demonstration and to gain the environmental advantages of the
fuel.

| came across your name in my web research and would like to enlist your
assistance if possible.

There is ample hard data on the use of biodiesel in automotive application
but data generated from the use in marine applications is much harder to
come by. | am in need of documented research and application data of
biodiesel fuel use in marine engines. If you or any of your colleagues have
worked in this area | would like know of available papers. The type of data
required is exhaust emissions, fuel usage, and maintenance issues
encountered. These data should be compared to petrodiesel in the same
application.

Bob Udell

Annis Water Resources Institute MR-2003-111
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Biofuel Analyst

Annis Water Resources Institute
Grand Valley State University.
740 W. Shoreline Dr.

Muskegon, Mi 49441

(616) 895-3945

Annis Water Resources Institute
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From: "Alvin R. Womac" <awomac@utk.edu>
To: "Bob Udell" <udellb@gvsu.edu>

Date: 9/19/02 4:58PM

Subject: RE: Further to our dialogue

Bob,

| believe that you got the diagram of the "experimental design" for the fish
test - the footnote says that "0" was the control with clean water.

The fish results in table 8 show that we lost 4 control fish (4%),

uniformly, in each fuel category. I'm thinking that you got this table also.

(I'm looking at the published hard copy in the proceedings book. | highly
recommend your procurement of that series of biofuel proceedings from ASAE.)
My numbers indicate that once the fuel is combusted - that the advantages of
the biofuel are slightly better for the environment for the most part.

However, as | recall Peterson (Idaho) showed a tremendous difference with
biofuel being less toxic than sugar in the raw fuel state. | believe he was

looking at effects on Daphnia (7?). Would need to look the article up to
know for sure.

De-chlorination question - yep, there should not have been any differences
associated with that - as you can imagine what is reported is only a small
portion of the fish work. | worked with larger tanks and learned how to
raise the fish under artificial conditions.

Best regards,
Al

——-Qriginal Message-—--

From: Bob Udell [mailto:udellb@gvsu.edu]
Sent: Thursday, September 19, 2002 12:59 PM
To: awomac@utk.edu

Subject: Further to our dialogue

Al;
A couple of question - this should be the last.

Did you have a control group of bluegills in fresh water over the five day
exposure to exhaust dosed water ?

Was the de-clorination process consistent - | assume it was.

| also see from some of the material | got from WVU website that you have
done some testing of a Detroit 692 in the EERL -was there any operation
with biodiesel by any chance ? This is the exact engine our larger research
vessel uses and any data you have available may be helpful. Would you be
interested in any data we might get (it would be late next season most
likely).

Annis Water Resources Institute MR-2003-111
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Our smaller vessel has a Cummins 6BT5.9 and a Westerbeke 20 on the Genset.

Bob

Annis Water Resources Institute MR-2003-111
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From: "Alvin R. Womac" <awomac@utk.edu>

To: "Bob Udell" <udellb@gvsu.edu>

Date: 9/26/02 10:00AM

Subject: RE: Biodiesel marine applications and possible environmental impact projects
Bob,

| bought and used a mobile emissions analyzer that gave concentrations.

My research was criticized for not using an emissions test protocol that
also included mass flow to get total emissions - and not just relative
differences in concentration (i.e. take into account air and gas throughput
of engine).

| guess it all depends on the intended use of the data.

Regarding grant money - I've not done a search or shook any trees lately for
money in this area. | would start by contacting the National Biodiesel Board
for leads, then look for state, Federal, or Foundation money. | don't know

of any clear, direct leads at this point.

Best wishes,
Al

-----Original Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]

Sent: Thursday, September 26, 2002 9:12 AM

To: awomac@utk.edu

Subject: Biodiesel marine applications and possible environmental impact
projects

Al:

Some new possibilities have presented themselves for us in our biodiesel
project.

We have located a manufacturer of mobil emissions test equipment who may
loan us test equipment and training to use on our two boats. This would
most likely happen in the spring of 2003. Comparisons of marine petrodiesel
and biodiesel in eral world situations would be possible.

In discussing the possibilities, we also considered our mesocosm facility
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and what might be accomplished in relation to biodiesel use in the marine
environment.

Al Steinman, Director of the Annis Water Resource Institute, was also
wondering where there might be grant money.

As a retired ex-aerospace engineer and manager much of this is still Greek
to me.

Do you any thoughts on any of these ?
Regards:
Bob
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CORRESPONDENCE

Dr. Leon Schumacher
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From: Leon Schumacher <schumacheri@missouri.edu>
To: Bob Udell <udellb@gvsu.edu>

Date: 12/25/02 11:54AM

Subject: Re: Dodge truck testing

Bob

We have both used the Cummins Engine Co. Recommendations for Lube oil.
15W40

| have used Cummins Blue...

We have had independent labs analyze this oil at every oil change.
| have some papers posted in the internet that you can review...
www.missouri.edu/~pavt0689

Click on the link to U of Missouri

Merry Christmas

Leon

Leon Schumacher

Associate Professor

235 Agricultural Engineering Building
University of Missouri

Columbia, MO 65211

Phone: 573-882-2126

Fax: 573-884-5650
schumacheri@missouri.edu
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From: Leon Schumacher <schumacheri@missouri.edu>
To: Bob Udell <udellb@gvsu.edu>

Date: 9/23/02 8:00PM

Subject: Re: Biodiesel in Cummins Engines

Bob

This is the same model Cummins engine. What year was yours made? This
would be helpful to know... as if mfg. after 1993, the engine would most

likely be in a better position to use biodiesel at 100%.

Are you planning to use the biodiesel at 100% or 20%?

Leon
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From: Leon Schumacher <schumacherl@missouri.edu>
To: Bob Udell <udellb@gvsu.edu>

Date: 1/6/03 2:48PM

Subject: Re: Dodge truck testing

Bob

| really do not feel we can pin this down to the sulfur... rather, the
environment that the engine runs in... mine runs down the road... all

the grime on the road is a problem when you only use a single element to
filter the air... you actually get better results from a farm tractor in

the field... dual element filtering...

my thoughts,...

Leon

-

Leon Schumacher

Associate Professor

235 Agricultural Engineering Building
University of Missouri

Columbia, MO 65211

Phone; 573-882-2126

Fax: 573-884-5650
schumacherl@missouri.edu
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From: Bob Udell

To: "schumacherl@missouﬁ.edu".GWiASMTP.SMTPDOM
Date: 1/6/03 2:45PM

Subject: Re: Dodge truck testing

Leon:

Thanks for the reply. My real concem is that your test data and our experience show an order of
magnitude difference in the wear metals in the oil - yours being the higher. | would guess that the

difference might be that the marine diesel has significantly more sulfur. What would you think?

Bob

Annis Water Resources Institute
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From: Leon Schumacher <schumacheri@missouri.edu>
To: Bob Udell <udellb@gvsu.edu>

Date: 2/25/03 6:21PM

Subject: Re: Engine wear data from St. Louis bus test

Bob

| was a bit startled when | compared the results of these oil analysis.

It is difficult to put a finger on things like this... and even as of
this date, | have not a good answer.

| have yet to see this repeat itself...

Leon

Bob Udell wrote:

> Leon:

>

> You must have been away - | thought that | may have worn out my welcome
> - it's good to commuiunicate with you again.

>

> | have two papers on the St Louis study No. 956736 "Maintenence,

> Repair, Exhasut Emissions, Associated with Biodiesel Fueliing ofUrban
> Buses" and "Lessons Learned While Fueling with Biodiesel". Is there

> another one?

>

> Since my last E-mail | discovered the the buses oil analysis exceeded
> the DDC recommeded limits for copper and lead and werre close to the
> jron limit of 150ppm - did you realize this? So | think that there was

> something going on besides the switch to B20 what do you think.

>

> Bob
>

>

>>>>Leon Schumacher <schumacheri@missouri.edu> 02/25/03 10:18AM >>>
>>>

> Bob

>

> | understand your thoughts on this one. This was a MAJOR overhaul.
> Meaning, bearings, liners, rings, etc.

>

> This could be an issue. However, the diesel engines were in the same
> situation.

>

> When | analyzed this statistically, | was unable to determine

> differences.

>

> | have a paper that addresses this directly... have you seen the one
> that compiles all of MU's oil analysis data with the University of

> |daho's?

>

> Leon

>

>
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From: Leon Schumacher <schumacheri@missouri.edu>
To: Bob Udell <udellb@gvsu.edu>

Date: 2/25/03 10:19AM

Subject: Re: Engine wear data from St. Louis bus test
Bob

| understand your thoughts on this one. This was a MAJOR overhaul.
Meaning, bearings, liners, rings, etc.

This could be an issue. However, the diesel engines were in the same
situation.

When | analyzed this statistically, | was unable to determine differences.

| have a paper that addresses this directly... have you seen the one
that compiles all of MU's oil analysis data with the University of Idaho's?

Leon

Bob Udell wrote:

> Dr. Schumacher,

>

> | have reviewed your engine wear data from the St. Louis bus test and
> caompared it with our experience from two years of operating the same
> engine on our research vessel the W.G.Jakson which as raised a question
> regarding the overhaul of the bus engines that occurred just before the
> testing. What was the extent of the overhaul and was it sufficient that
> the wear metals could have been excessive for your test because of a
> breakin period on ht engines?

>

> See my attached data.

>

> Robert F. (Bob) Udell

> Research Assistant/Biofuel Analyst
> Annis Water Resources Institute

> Grand Valley State University.

> 740 W. Shoreline Dr.

> Muskegon, Mi 49441

> (616) 895-3945

Leon Schumacher

Associate Professor

235 Agricultural Engineering Building
University of Missouri

Columbia, MO 65211

Phone: 573-882-2126

Fax: 573-884-5650
schumacheri@missouri.edu
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CORRESPONDENCE

Northern Lights
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From: Bob Udell

To: "pleask@northern-lights.com".GWIASMTP.SMTPDOM
Date: 9/16/02 3:16PM

Subject: Re: Fw: Bio Diesel

Paul:

Per our telecon this date 9/16/02: | understand that Northern Lights position on use of B100 biodiesel in
their gen sets is that biodiesel fuels meeting the ASTM provisional specification PS121 (which has been
superceded by ASTM D6751) or DIN 51606 are acceptable fuels. All current workship and materials
warranties that are in effect will remian in effect if biodiesel fuel meeting the above specifications is utilized
in Northern Light generator sets. The most restrictive case is that of the Injector pump on the John Deere
engines which is why Northern Lights distributes the John Deere literature as their poition on use of
biodiesel for the various engines supplied on Northern Lights generator sets.

Please confirm that | have correctly understood your position.

Bob

>>> "Paul Leask" <pleask@northern-lights.com> 09/16/02 02:35PM >>>
Hi Bob

Here is what | have regarding specs regarding Bio Fuel Hope this helps

Paul leask
----- Original Message ----
From: "Dick Gee" <di -lights.com>
To: "Paul Leask" <pleask@northern-lights.com>

Sent: Thursday, September 12, 2002 2:17 PM
Subject: FW: Bio Diesel
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Bob Udell - RE: Bio Diesel use in Northern lights Gensets

From: "Dick Gee" <dickg@northern-lights.com>
To: "Bob Udell" <udellb@gvsu.edu>

Date: 9/17/2002 11:43 AM

Subject: RE: Bio Diesel use in Northern lights Gensets
cC: "Paul Leask" <pleask@northern-lights.com>

Dear Mr. Udell,

The IMO regulations include engines of 175 BHP and above.

The US EPA regulations include all engines less then 50 BHP.

CARB covers the engines more then 50 and less then 175 BHP.

I mention all the above because I do not know what size engine you are
working with nor where you are in the world.

We also cannot be sure what the emission impact will be.

Best Regards,
Dick Gee

-—---Original Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]

Sent: Tuesday, September 17, 2002 5:08 AM

To: Dick Gee

Cc: Paul Leask

Subject: Re: Bio Diesel use in Northern lights Gensets

Dear Mr Gee:

Thank you for your clear and definitive response. I assume that the out of compliance emission standard that will occur is the increased NOx
emissions and that the standard is that of the IOM, Is this the case ?

Bob Udell
>>> "Dick Gee" <dickg@northern-lights.com> 09/16/02 06:02PM >>>
Dear Mr. Udell,

The use of bio diesel fuel (ASTM D6751-02) as a "blend component”
(not to exceed 5 %) with diesel fuel per ASTM D 975 is approved for use
in Northern Lights diesel generator sets. The standard warranty policies &
conditions will continue to apply.

The use of such "blended" fuel may render the engine to be out of
emission compliance. Such out of compliance issues will NOT be the responsibility
Alaska Diesel Electric and will not be covered by any warranty. -
Best Regards,
Dick Gee
Vice President & Technical Director
Alaska Diesel Electric
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Hi Bob
Regarding your question about recommendations as to the limits of Iron, Copper,lead and so on
We do not publish any limits for these numbers for the following reasons

These numbers are affected by the test interval period. Example if you run a unit for one hundred hours and test the oil
then you run the same unit for two hundred hours you will get two very different results. Oil sample test should be done at
the same interval example 100 hours after oil change, after doing this a few times you should have established a base
line. From this base line you will be looking for a substantial change in the results this will indicate a possible problem

Paul leask

—-- Original Message —-

From: info

To: Paul Leask

Sent: Tuesday, February 25, 2003 9:44 AM
Subject: FW: Engine wear metals recommendations

-----Original Message-----

From: Bob Udell [mailto:udellb@gvsu.edu]
Sent: Monday, February 24, 2003 10:18 AM
To: info

Subject: Engine wear metals recommendations

Does Northern Lights have recommnedations as to the limits of Iron, Copper, Lead Silicon, and Chromium
that are acceptable in engine oil analyses?

Annis Water Resources Institute MR-2003-
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From: Anthony Fiore
To: Udell, Bob
Date: 2/10/03 3:40PM
Subject: Re: data & Stuff
BOB,

WGJ- 750 GLS

MDE'S- LUBE OIL AND FUEL FILTERS EVERY 200 HRS

SSG'S- LUBE OIL AND FILTER EVERY 100 HRS, FUEL FILTERS EVERY
200 HRS

DIA-GL'S? Z 2@20 \\ Twe (2 Cuin B ek s
| HAVE TO STOP BY THE DJA TO GET THE TANK CAPACITY | JUST CAN'T REMEMBER THE #.
MDE- OIL AND FUEL FILTERS EVERY 200 HRS

SSG - OIL AND FUEL FILTERS EVERY 100 HRS

TONY

>>> Bob Udell 02/10/03 02:59PM >>>

Tony:

| need the following:

Fuel tank capacities for the two boats.

Qil change interval for the two boats,

| will need copies of the engine and genset literature that came with the manual for both the boats -not
the parts lists, repair & maintenance stuff just the general descriptions of the engines/gensets no of
cylinders, aspiration, HP, watts, etc.....

Bob

Annis Water Resources Institute 41 of 42 MR-2003-111
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BIODIESEL HANDLING AND USE GUIDELINES

1 Introduction

This document is a field guide for end-users (firms and individuals that are using biodiesel or
blends of biodiesel and diesel fuel), distributors, (firms and individuals who are purchasing
biodiesel for blending, storage, or distribution to others), and those involved in related activities.
These guidelines cover fuel use and handing issues that could be anticipated or encountered in
the field. Put this document where employees can access it and be sure to use it as a reference
when questions are raised by your customers or your employees.

2 Biodiesel Fuel

Biodiesel is a fuel manufactured from vegetable oils, recycled cooking grease, or animal fats.
The fuel typically contains up to 14 different types of fatty acids (Table 1) that are chemically
transformed into fatty acid methyl esters (FAME). Different fractions of each type of FAME
present in various feedstocks (Table 2) influence some of the properties of the fuel (Table 3).
High levels of saturates (C14:0, C16:0, C18:0) raise cloud point, raise Cetane number, reduce
NOx, and improve stability. More polyunsaturates (C18:2, C18:3) will reduce cloud point and
Cetane, reduce stability (unless stability additives are used), and raise NOx.

Biodiesel always refers to the pure fuel. Biodiesel blends or BXX refers to a fuel that is
composed of XX% biodiesel and 1-XX% diesel fuel. For example, B100 is pure biodiesel and
B20 is a blend of 20% biodiesel and 80% diesel fuel. The diesel fuel can be No. 1, No. 2, or JP8.
Some biodiesel blends may not meet ASTM D975 standards depending on how much biodiesel
is present. Biodiesel blends stay mixed in the presence of water.

Biodiesel and biodiesel blends should only be used in compression-ignition (CI) engines that
were designed to be operated on diesel fuel as described by ASTM D 975 or related military
specifications. Do not put biodiesel fuels or blends into gasoline engines. Biodiesel and biodiesel
blends can be used in CI engines in diesel-powered cars, trucks, tractors, boats, shipping
equipment, irrigation systems, mining equipment, electrical generators, and in most applications
where diesel is typically used. More detail is provided in the following sections.

Biodiesel has a specific gravity of 0.88 compared to 0.85 for diesel fuel. Because it is slightly
heavier than diesel fuel, splash blending biodiesel on top of diesel fuel is the common mixing
procedure. Rack blending is being considered in some states where B2 blends are being
considered. B2 is a high-lubricity diesel fuel made with 2% biodiesel.

Biodiesel contains no nitrogen or aromatics and typically contains less than 15 ppm sulfur.
Biodiesel contains 11% oxygen by weight, which accounts for its slightly lower heating value
(energy content) and its characteristically low carbon monoxide, particulate, soot, and
hydrocarbon emissions. The energy content of biodiesel is roughly 10% less than diesel No. 2
and comparable to diesel No.1. Fuel efficiency is the same as diesel fuel. Fuel economy, power,
and torque are proportional to the heating value of biodiesel or the biodiesel blend. For example,

NREL/TP-580-30004 1 September 2001
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B20 tends to reduce power, torque, and fuel economy by slightly less than 2%.

Table 1. Structural Formula for Fatty Acids used in Biodiesel

Fatty Acid No. Of Chemical Structure
Name Carbons & (= denotes double bond placement)
Double
Bonds
Caprylic C8 CH;3(CH;)sCOOH
Capric C10 CHj3(CH;);COOH
Lauric Cl12 CH;(CH;)COOH
Myristic Cl4 CH;(CH,);,COOH
Palmitic C16:0 CH3(CH;)4COOH
Palmitoleic Cl6:1 CH3(CH;)sCH=CH(CH,);COOH
Stearic Cl18:0 CHj3(CH;)COOH
Oleic C18:1 CH3(CH,);CH=CH(CH,);COOH
Linoleic Cl18:2 CH;(CH3)4CH=CHCH,;CH=CH(CH,);COOH
Linolenic C18:3 CH3(CH,;),CH=CHCH,CH=CHCH,CH=CH(CH,);COOH
Arachidic C20:0 CH;(CH,);sCOOH
Eicosenoic C20:1 CH3(CH,);CH=CH(CH,);COOH
Behenic C22:0 CH;(CHa,),0COOH
Eurcic C22:1 CH;3(CHz);CH=CH(CH,);,COOH
NREL/TP-580-30004 2 September 2001
Annis Water Resources Institute MR-2003-111
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Table 3. Selected Fuel Properties for Diesel and Biodiesel Fuels

Fuel Property Diesel Biodiesel
Fuel Standard ASTM D975 ASTM PS 121
Fuel composition C10-C21 HC C12-C22 FAME
Lower Heating Value, Btu/gal 131,295 117,093
Kin. Viscosity, @ 40 °C 1.3-4.1 1.9-6.0
Specific Gravity kg/l @ 60 °F 0.85 0.88
Density, Ib/gal @ 15°C 7.079 7.328
Water, ppm by wt 161 .05% max
Carbon, wt % 87 77
Hydrogen, wt % 13 12
Oxygen, by dif. wt % 0 11
Sulfur, wt % .05 max 0.0 -0.0024
Boiling Point, °C 188-343 182-338
Flash Point, °C 60-80 100-170
Cloud Point, °C -15t0 5 -3to 12
Pour Point, °C -35to -15 -15t0 10
Cetane Number 40-55 48-65
Stoichiometric Air/Fuel Ratio 15 13.8
wt./wt,

BOCLE Scuff, grams 3,600 >7,000
HFRR, microns 685 314

3 Biodiesel Fuel Quality

ASTM PS 121 (Table 4) provides the standards to ensure good fuel quality. PS 121 isa
provisional standard; a final standard should be available by winter, 2001. The standard is
independent of any manufacturing process or feedstock. ASTM PS 121 is designed to ensure that
biodiesel has the fuel properties for safe operation in a compression ignition engine and ensures
that poor processing has not contaminated the fuel with products that will create engine damage.

Key fuel-quality issues are described below:

* Biodiesel flash point is typically high (greater than 150°C). FAMEs are not volatile. The
limit for D93 is set at 100 °C to ensure that the manufacturer has removed excess methanol
used in the manufacturing process. Residual methanol in the fuel is a safety issue because
very small amounts reduce the flash point. Methanol can also affect fuel pumps, seals,
elastomers, and can result in poor combustion properties.

= The Sulfated ash test ensures the removal of all the manufacturing catalysts. High levels of
manufacturing catalysts in the fuel can result in injector deposits or filter plugging.

=  Acid numbers will become elevated if the fuel ages, or if it was not properly manufactured.
Acid numbers higher than 0.10 have been shown to be associated with fuel system deposits,
and reduce the life of fuel pumps and filters.

NREL/TP-580-30004 4 September 2001
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processed fuel residues, water, or other contaminants and the fuel shipment should be
returned to the manufacturer.

Currently, you can test for biodiesel fuel quality before it is blended, but not after it is blended
with diesel fuel. There is an experimental technique for testing B20 or other blends, but it does
not detect free glycerin and thus cannot perform a complete ASTM PS 121 test. Once biodiesel
is blended, it is very difficult to determine if it was a good quality fuel to begin with. Therefore,
the person or organization that actually blends the biodiesel into the diesel fuel is responsible for
ensuring that the biodiesel meets ASTM standards.

Biodiesel production is currently a batch process in the U.S. and fuel quality varies from batch to
batch. Check the product specification sheet for batch number, production date, testing date, and
other information. For marketers that are blending large biodiesel volumes, be proactive and test
one gallon of fuel from each delivery, or at least save a gallon for future testing in case some
customer concerns arise. Williams Laboratory Services in Kansas City is the only commercial
laboratory with extensive field experience in testing biodiesel fuel quality. Marketers and
blenders should be especially careful with new biodiesel producers or marketers, since their track
record on fuel quality has yet to be established. The biodiesel industry is largely self-policing
but not effectively so.

The biodiesel industry has developed a fuel certification program to ensure fuel quality
throughout the production and distribution chain. At this time, the program has not been fully
implemented and is voluntary. Firms that receive accreditation will have the highest assurance
of fuel quality possible.

4 The “Right” Blend

Biodiesel can be used pure or mixed in any proportion with diesel #2 or diesel #1 (kerosene).

The military has its own biodiesel specifications and guidelines, including blends with JP8.

Military users need to use the guidelines adopted by their organization. These guidelines are for

general use. Most customers use a 20% blend of biodiesel with 80% diesel fuel called B20 for a

variety of reasons:

= B20 minimizes the impact of the biodiesel cost on the customer.

» Federal EPAct guidelines require a minimum 20% blend, although higher blends are
acceptable.

* A 20% blend keeps NOx increases small (1-4%) and within the legal emission limits for
engines.

= A 20% blend still gives good emission benefits by reducing soot, particulates, hydrocarbons,
carbon monoxide, and carbon dioxide by more than 10% each.

= B20 does not create major problems with filter plugging and deposit formation that can result
from the interaction between biodiesel and the accumulated sediments and sludge that form
in diesel storage tanks. See the section on solvency for more details.

* B20 controls the increase in cloud and pour point by a manageable level that cold flow
additives can control. See the section on cold weather issues for more details.

= Few material compatibility problems arise with B20. Higher blend levels will cause more

NREL/TP-580-30004 6 September 2001
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problems with rubber seals, gaskets, and hoses unless these have been replaced with
biodiesel resistant materials. (See material compatibility.)

B20 is basically a trade off between cost, emissions, cold weather, material compatibility, and
solvency issues. It is a good starting point for new users because B20 users rarely encounter
problems. Users should be careful when moving from B20 to higher blends since the risk of
encountering problems increase, These problems can be managed but you need to anticipate
them and develop strategies for managing them. Higher blends have been used over extended
periods of time and some commercial fleets are using B100.

Blends of 35%, 50%, and higher can provide significant emission reduction benefits for carbon
monoxide, particulates, soot, and hydrocarbons (Table 5). Higher blend levels of biodiesel
significantly reduce polycyclic aromatic hydrocarbons and other toxic or carcinogenic
compounds found in diesel exhaust. Higher blend levels also provide significant reductions in
greenhouse gas emissions and increase the renewable content of the fuel.

Table 5. Tailpipe Emission Changes with Biodiesel Fuels

Emission B100* B20**
Carbon Monoxide -43.2% -12.6%
Hydrocarbons -56.3% -11.0%
Particulates -55.4% -18.0%
Nitrogen oxides +5.8% +1.2%
Alr toxics -60% to —-90% -12% to -20%
Mutagenicity -80% to —90% -20%
Carbon dioxide*** -78.3% -15.7%

*Average of data from 14 EPA FTP Heavy Duty Test Cycle tests, variety of stock engines
**Average of data from 14 EPA FTP Heavy Duty Cycle tests, variety of stock engines
***Life cycle emissions

One downside of higher blend levels is an increase in nitrogen oxides emissions (NOx).
Biodiesels with high levels of polyunsaturates produce more NOx than biodiesels with high
levels of saturates. The flip side to this issue is that fuels with high levels of polyunsaturates
have good cold weather properties, and fuels with high levels of saturates have poor cold weather
properties. Summer blends and winter blends may be one strategy for the customer, but this is
not a standard practice for the biodiesel industry at this time. Research has identified one
additive that provides a limited amount of control on NOx emissions. One percent DTBP
(ditertiary butyl peroxide) by volume in B20 can make B20 NOx neutral with diesel fuel. The
effect of five percent DTBP in B100 has different effects on different biodiesels. This problem
may be resolved in the near future as other additives or solutions are identified.

Higher blends of biodiesel are popular with users in pristine or vulnerable environments, because

they are biodegradable and reduce the toxicity of diesel fuel. B100 is used in commercial fleets,
marine vessels, and in mining equipment. Extra precautions may be required to resolve solvency

NREL/TP-580-30004 7 September 2001
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concerns or to protect the customer from cold weather. Modifications may be required to replace
materials with compatibility concerns. If customers want to use B100 or higher blends, the
sections on solvency, cold weather, and material compatibility are mandatory reading.

5 Splash Blending

Biodiesel is slightly heavier than petroleum diesel. Biodiesel has a specific gravity of 0.88

compared to petroleum diesel at 0.85. Biodiesel should be splash blended on top of petroleum

diesel, otherwise, the fuels may not mix properly. If you’ve made a mistake and added the

biodiesel to the bottom of the tank and it did not mix with the petroleum diesel, you have several

options:

» Find a way to agitate the fuels together,

= Pump the fuels out into a tank truck and then pump them back down together,

= You can ignore the problem if you are not worried about solvency, material compatibility, or
cold weather, since biodiesel can be burned as a 100% pure fuel.

Biodiesel blends will not separate in the presence of water, however, for good housekeeping and
tank/fuel maintenance, water in the storage systems should be monitored and minimized.

Biodiesel can be stored in standard diesel storage tanks. Copper, brass, zinc, lead, and tin parts
should be replaced with aluminum or steel since these metals oxidize both diesel and biodiesel
fuels. Please read the sections on cold weather storage issues and solvency before proceeding
with B100 storage!

6 Cold Weather Blending and Storage

Like any diesel fuel, biodiesel can gel at low temperatures. Some types of biodiesel freeze at

higher temperatures than others, depending on the level of saturated components in the fuel.

= Pure biodiesel should be stored at temperatures at least 15 degrees higher than the pour point
of the fuel (30°F to 56°F). A storage temperature of 45°F to 50°F is fine for most B100.

= Blends of biodiesel and diesel should be stored at temperatures of at least 15 degrees above
the pour point of the blended fuel.

= Pure biodiesel can be stored underground in most cold climates, but above ground fuel
systems should be protected with insulation, agitation, heating systems, or other measures if
freezing weather is common. This precaution includes tanks, pumping equipment, and the
vehicles themselves.

= Blended fuels can be stored below ground in most climates. Above ground storage should
consider special precautions if temperatures routinely fall below the pour point of the
blended fuel.

* Biodiesel can be splash blended with no problems if the diesel fuel temperature is S0°F or
higher. If biodiesel is blended with cold diesel fuel (fuel temperature is less than 45°F to
50°F), the saturated compounds in the biodiesel can crystallize and plug fuel filters and fuel
lines. If crystals have already formed the solutions include:
= See if they disappear as the fuel warms with ambient weather conditions

NREL/TP-580-30004 8 September 2001
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» Heat the fuel to above 100°F or until the crystals dissolve
= Filter the solid fuel crystals out. They can be reused when they melt.

= To prevent forming crystals, blend biodiesel with kerosene in a 50:50 mix first (make sure
the temperature of the kerosene is above 45°F), then blend the biodiesel-kerosene mix into
the cold diesel fuel. Do not forget to adjust your blending formula so that you end up with a
20% blend of biodiesel in the final fuel.

= Pure biodiesel is difficult to ship in cold weather. In the winter, most biodiesel is shipped
one of three ways:
* ot in tank cars for immediate delivery,
= frozen in tank cars equipped with steam coils (the tank cars are melted at the final

destination with steam),
= in 20% blends with available winter diesel, or
* ina 50% blend with diesel No. 1 (kerosene). A 50:50 blend of soy biodiesel and kerosene
has a pour point of 0°F in most cases.

= Adjusting the blend of kerosene in the diesel fuel can modify the cloud and pour point
temperatures of B20. Figure 1 shows the cloud and pour point for several different types of
B100 and the impact on cloud and pour when B20 is produced from different diesel fuels.
B20 with D2 is a blend of 20% biodiesel with 80% straight diesel No. 2. The other two B20
blends shown are blends of 20% biodiesel with 80% winterized diesel fuel. In one case the
winterized diesel consists of 80% No. 2 and 20% No. 1 and in the other case the winterized
diesel consists of 60% No. 2 and 40% No. 1. The cloud and pour points of the No. 2, No. 1,
and the two winterized diesel fuels are also shown for comparison. The point of the chart is
to show that you can produce a B20 fuel that has the desired cloud and pour points by
adjusting the amount of No. 1 diesel in the diesel fraction of the mix.

= No. 1 diesel (kerosene) and pour point depressants have been used with good results in B20.
Pour point depressants work on the diesel part of a biodiesel blend and can reduce the gel and
cloud properties of blended fuels. No additives have been shown to be effective on B100.

B20 may be stored in above ground tanks, depending on the cloud and pour points of the blended
fuel and the local ambient weather conditions. For example, a B20 blend made with No. 2 diesel
will raise cloud point by 2 °F to 7°F. B20 made with No. 1 diesel will have a cloud point of -
15°F to 0°F depending on the properties of the biodiesel fuel. There are no lubricity issues with
kerosene and biodiesel blends. Since biodiesel is a lubricant, 1%-2% would be enough to
lubricate kerosene.

User experience with cold weather varies. B20 blends are used in some very cold climates such
as northern Minnesota and Wyoming where temperatures routinely fall below —40°F in the
winter. B20 was used in an airport shuttle fleet for four years in Boston with no problems.
Some users have reported using B100 in extremely cold climates such as in Yellowstone
National Park. The vehicles were equipped with winterization packages and no other
precautions were noted. Since widespread experience with B100 and higher blends in cold
climates is lacking in the United States, users should be alert to potential problems and take
reasonable steps to prevent them if possible. We can only conclude that laboratory tests appear
to be more conservative than field experience.
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Figure 1. Cold Weather Properties of Biodiesel Fuels and Blends
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7 Stability

Oxidative stability is a major industry issue for diesel and biodiesel fuels. Some biodiesels are
more stable than others and some unstable biodiesel contain stability additives that perform very
well (Table 6). The tendency of a fuel to be unstable can be predicted by the Iodine number
(ASTM D 1510) but the test method may not pick up the presence of stability additives. Iodine
number actually measures the presence of C=C bonds that are prone to oxidation. The general
rule of thumb is that instability increases by a factor of 1 for every C=C bond on the fatty acid
chain; thus, 18:3 are three times more reactive than C18:0. Stability can be predicted from
knowledge of the feedstock only if you know the proportion of C18:2 and C18:3 fatty acids
present in the fuel and know whether or not the fuel has been treated for stability. High fractions
of those two types of fatty acids can adversely affect fuel stability if additives are not used. The
accelerated stability test—ASTM D 2274—can provide an idea of whether the fuel stability is
poor, average, or good.

Table 6 Modified ASTM D 2274*

Biodiesel Fuel Additives Total Insoluables, Mg/L**
Soy 1 No additive 13.60
Soy 2 No additive 14.32
Soy 1 Tenox 21 0.09
Soy 3 Tocopherol 1.87
Yellow grease 1 No additive 0.89
Yellow grease 2 No additive 12.37

*Data from Southwest Research Institute under contract to the National Renewable Energy Lab.
**High levels of insoluables indicate unstable fuels.

Poor stability can lead to increasingly high acid numbers, increasing viscosity, and the formation
of gums and sediments that can clog filters. Comparing the fuel’s acid number and viscosity
over time can provide some idea about whether or not the fuel is oxidizing, but you need to take
a sample at the beginning when the fuel is fresh and then sample on a regular basis after that.

Long-term storage in the presence of diesel fuel, diesel additives, water, sediments, heat, and air
has not been adequately documented in the field. Biodiesel and blends of biodiesel and diesel
fuel should not be stored for longer than 6 months in either storage tanks or vehicles until better
field data is available. If it becomes necessary to store biodiesel longer than 6 months, or the
storage conditions are poor, use antioxidants. The common antioxidants that work with biodiesel
are TBHQ (t-butyl hydroquinone), Tenox 21, and tocopherol (Vitamin E). Most of these are sold
by food additive firms. Powdered antioxidants are difficult to mix into biodiesel. A trick used is
to heat a small amount of biodiesel (1 gal or so) up to 100°F or until all the powdered antioxidant
is dissolved. Then mixed the treated biodiesel into the bulk biodiesel fuel.

Biocides are recommended wherever biological growth in the fuel has been a problem. If

biological contamination is a problem, housekeeping needs to be improved and water
contamination needs to be reduced, since the algae grows in the water and not in the fuel itself.
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8 Solvency

Biodiesel is a mild solvent. On prolonged contact with painted surfaces, it may deface some
paints. Always wipe up spills and dispose of rags in a safe manner. Biodiesel soaked rags can
self-combust if not handled properly.

The most commonly encountered problem with solvency is biodiesel’s tendency to “clean out™
storage tanks, including the vehicle fuel tanks and systems. No. 2 diesel tends to form sediments
that stick to and accumulate in storage systems, forming layers of sludge or slime in the fuel
systems. The older the system, and the poorer the maintenance, the thicker the accumulated
sediments become. Biodiesel will dissolve these sediments and carry the dissolved solids into
the fuel systems of vehicles. Fuel filters will catch most of it, but in severe cases, the dissolved
sediments have caused fuel injector failure.

Few problems have been encountered with B20 in typical diesel storage situations. The effect is
very similar to switching from diesel No. 2 diesel to No. 1. The solvency effect of the biodiesel
in B20 is sufficiently diluted so that most problems encountered are minor. These problems
include an occasional plugged fuel filter. Drivers should be aware that sediments in the vehicle
system may plug fuel filters during the first few weeks using B20 and that they should keep
some extra filters in the glove box. Do not remove the fuel filter if it becomes plugged without
replacing it.

When using B20, the problem typically goes away after the first few tanks of fuel. If the
problem does not disappear, send the fuel filters to Williams Laboratory for analysis, since you
may have a problem with biodiesel fuel quality or biological growth in the fuel.

The solvency problems occur most often when customers try to put higher blends or even pure
biodiesel into aged and dirty systems that previously held No. 2 diesel fuel. If you do not clean
out the diesel fuel storage tanks before using biodiesel blends of 30% or higher, there is a strong
risk that excessive fuel filter plugging and fuel injector failure may occur. We recommend
cleaning fuel storage tanks (remove water and accumulated sediments) before using higher blend
levels or B100.

Consumers that did not encounter any problems with B20 assume they can switch to higher
blends without any concern because they think the B20 already cleaned their tanks. B20 doesn’t
really clean the tanks, it’s too diluted. Once again, tanks should be cleaned before switching to
higher blend or B100 fuels.

If you have been using biodiesel for a while (3 months or more) and a sudden problem with
plugged fuel filters arises, it is probably the result of a bad batch of biodiesel or a bad batch of
diesel fuel. Notify the supplier immediately and retain a fuel sample and the filters for testing.
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9 Material Compatibility

Brass, bronze, copper, lead, tin, and zinc will oxidize diesel and biodiesel fuels and create
sediments. Lead solders and zinc linings should be avoided, as should copper pipes, brass
regulators, and copper fittings. The fuel or the fittings will tend to change color and sediments
may form, resulting in plugged fuel filters. Affected equipment should be replaced with stainless
steel or aluminum. Acceptable storage tank materials include aluminum, steel, fluorinated
polyethylene, fluorinated polypropylene, and Teflon. Table 7 has some information on specific
materials.

Table 7. Material Compatibility with Biodiesel Fuels

Material BXX Effect compared to diesel fuel
Teflon B100 Little change
Nylon 6/6 B100 Little change
Nitrile B100 Hardness reduced 20%
B100 Swell increased 18%
Viton A401-C B100 Little change
Viton GFLT B100 Little change
Fluorosilicon B100 Little change in hardness
B100 Swell increased 7%
Polyurethane B100 Little change in hardness
B100 Swell increased 6%
Polypropylene B100 Hardness reduced 10%
B100 Swell increased 8-15%
Polyvinyl B100 Much Worse
B50 Worse
B40 Worse
B30 Worse
B20 Comparable
B10 Comparable
Tygon B100 Worse

The effect of B20 on vulnerable materials is diluted compared to higher blends. Some slow
oxidation can occur, although it may take longer to materialize. Biodiesel also can affect some
seals, gaskets, and adhesives, particularly those made before 1993 and those made from natural
or nitrile rubber. It is primarily for these reasons that vehicle and storage equipment are
modified. Most engines made after 1994 have been constructed with gaskets and seals that are
generally biodiesel resistant. Earlier engine models or rebuilds may use older gasket and seal
materials and present a risk of swelling, leaking, or failure. Fuel pumps may contain rubber
valves that may fail. The typical approach is to create a maintenance schedule that checks for
potential failures. Users can also contact engine manufacturers for more information.

NREL/TP-580-30004 13 September 2001

Annis Water Resources Institute MR-2003-111
Grand Valley State University 16 of 22



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

10 Warrantees

The landscape is littered with different engine warrantees depending on the engine manufacturer.
No consistency exists at this time. Caterpillar offers a B100 warrantee on most of their newer
engines that is feedstock neutral if fuels meet either ASTM PS 121 or the CAT standards.
Caterpillar has tested various types of biodiesel and examined the underlying chemistry of the
fuels. John Deere offers B100 warrantees on some equipment. Other firms (Cummins, DDC,
etc.) offer B20 warrantees that may or may not be feedstock specific. Feedstock specificity is
based on a lack of information or a misunderstanding of biodiesel chemistry. In some cases,
feedstock limitations are proxies for fuel properties that are not included in the ASTM PS 121 for
biodiesel. Feedstock specifications may be an attempt to limit variations in fuel properties and
thus, limit risks associated with using a new fuel. Biodiesel fuel properties vary just as much as
diesel fuel properties, so some of this concern may be unnecessary. This issue will become less
important as engine manufacturers improve their understanding of biodiesel chemistry and more
data becomes available. Until then, the smart thing to do is to contact the engine manufacturer
for information.

To further complicate matters, no engine warrantee covers fuels. Engines are warranted for
materials and workmanship only, regardless of the fuels used, although they are designed to
operate on diesel fuel that meets ASTM D 975. Most B20 and higher blends do not meet D 975.

Limits on engine warrantees are meant to discourage consumers from engaging in risky
behaviors that may lead to engine damage. Thus, to some extent, the limitations on warrantees
are moot. Nonetheless, in order to prevent misunderstandings, the warrantee limitations should
always be considered before biodiesel fuels are implemented.

Damage caused by poorly processed biodiesel or biodiesel that does not meet ASTM standards
will not be covered by the engine warrantee, but may be covered under general liability
insurance carried by the biodiesel producer or broker. New users should make sure that their
biodiesel suppliers provide general liability coverage.

11 Safety and Environmental Regulation

Composition Information: Biodiesel contains no hazardous materials. Biodiesel contains a
variety of fatty acid methyl esters with carbon chain lengths varying between 12 and 22, where
18 carbon chains are the most common. Small quantities (less than 1%) of other materials may
be present and should not exceed fuel quality standards.

Handling and Storage: Store in clean, dry, approved diesel equipment between 50° F and
120°F. Keep away from oxidizing agents, excessive heat, and ignition sources. Store and use in
well-ventilated areas. Do not store or use near heat, spark, or flame. Store out of the sun. Do not
puncture, drag, or slide drums or totes. Drum and totes are not pressure vessels; never use
pressure to empty.

Inhalation: Negligible danger unless heated to produce vapors. Vapors or finely misted
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materials may irritate the mucous membranes and cause irritation, dizziness, and nausea. If this
occurs remove to fresh air. If vapors or mists are generated, wear a NIOSH approved organic
vapor/mist respirator.

Eye Contact: May cause irritation. Irrigate eye with water for at least 15 to 20 minutes. Seek

medical attention if symptoms persist. Safety glasses, goggles, or face shield are recommended
to protect eyes from mists or splashing.

Acute Oral Toxicity/Rates: Biodiesel is nontoxic and there are no hazards anticipated from
ingestion incidental to industrial exposure. If ingested, give one or two glasses of water to drink.
If gastro-intestinal symptoms develop, consult medical personnel. (Never give anything by
mouth to an unconscious person.) Effects are similar to those associated with laxatives. The
acute oral LD50 (lethal dose) is greater than 17.4 g/Kg body weight. By comparison, table salt
(NaCL) is nearly 10 times more toxic.

Skin Irritation — Humans: A 24-hr. human patch test indicated that undiluted biodiesel
produced very mild irritation. The irritation was less than the result produced by a 4 percent soap
and water solution. Wash with soap and water. Avoid contact with hot fuel as it may cause
burns. PVC coated gloves are recommended to prevent skin contact. May soften skin.

Aquatic Toxicity: A 96-hr. lethal concentration of biodiesel for bluegills was greater than 1000
mg/L. Lethal concentrations at these levels are generally deemed "insignificant" according to
NIOSH (National Institute for Occupational Safety and Health) guidelines in its Registry of the
Toxic Effects of Chemical Substances.

Biodegradability: Biodiesel degrades about four times faster than petroleum diesel. Within 28
days, pure biodiesel degrades 85% to 88% in water. Dextrose (a test sugar used as the positive
control when testing biodegradability) degraded at the same rate. Blending biodiesel with diesel
fuel accelerates its biodegradability. For example, blends of 20% biodiesel and 80% diesel fuel
degrade twice as fast as #2 diesel alone.

Flash Point: The flash point of a fuel is defined as the temperature at which it will ignite when
exposed to a spark or flame. Biodiesel’s flash point is over 150°F, well above petroleum based
diesel fuel’s flash point of around 125° Fahrenheit. Testing has shown the flash point of
biodiesel blends increases as the percentage of biodiesel increases. Therefore, biodiesel and

blends of biodiesel with petroleum diesel are safer to store, handle, and use than conventional
diesel fuel.

Fire Fighting Measures: Firefighters should use self-contained breathing apparatus to avoid
exposure to smoke and vapor. Combustion produces carbon monoxide and carbon dioxide along
with thick smoke. Fires may be extinguished with dry chemical, foam, halon, CO2 , or water
spray (fog). Use water spray to cool drums exposed to heat or flames. (Caution-Water stream
may splash the burning liquid and spread fire.) Oil soaked rags can cause spontaneous
combustion if not handled properly. Before disposal, wash rags with soap and water and dry in
well ventilated area.
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Accidental Release/Spills: Remove sources of ignition, contain spill to smallest area possible.
Stop leak if possible. Pick up small spills with absorbent materials such as paper towels, "Oil
Dry," sand, or dirt. Recover large spills for salvage or disposal. Wash hard surfaces with safety
solvent or detergent to remove remaining oil film. Greasy nature will result in a slippery surface.

Regulatory:

UN HAZARD CLASS: N/A

NMFC (National Motor Freight Classification):

PROPER SHIPPING NAME: Fatty acid ester

IDENTIFICATION NUMBER: 144920

SHIPPING CLASSIFICATION: 65

OSHA: This product is not hazardous under the criteria of the Federal OSHA Hazard
Communication Standard 29 CFR 1910.1200. However, thermal processing and decomposition
fumes from this product may be hazardous as noted in fire fighting section.

TSCA: This product is listed on TSCA.
CERCLA: (Comprehensive Response Compensation and Liability Act). NOT reportable.

SARA TITLE III: (Superfund Amendments and Reauthorization Act), Section 312 Extremely
Hazardous Substances, None. Section 311/312 Hazard Categories, Non-hazardous under Section
311/312. Section 313 Toxic Chemicals, None.

RCRA: If discarded in its purchased form, this product would not be a hazardous waste either
by listing or by characteristic. However, under RCRA, it is the responsibility of the product user
to determine at the time of disposal whether a material containing the product or derived from
the product should be classified as a hazardous waste (40 CFR 261.20-24).

CALIFORNIA PROPOSITION 65: The following statement is made in order to comply with
the California Safe Drinking Water and Toxic Enforcement Act of 1986. This product contains
no chemicals known to the state of California to cause cancer,

12 Taxes

At this time, biodiesel is not exempt from federal excise taxes and it is not exempt from most
state or local taxes. That means that biodiesel and biodiesel blends are taxed at the same rate as
diesel fuel and the taxes are handled in the same manner. Some states have passed legislation
that either reduces fuel excise taxes or provides other incentives. For local exceptions to this
statement, please contact the local tax authorities.

13 Incentives

At the present, there are no national financial incentives such as excise tax credits or government
subsidies for purchasing biodiesel. Some states or local communities may offer incentives for
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specific blends or for special groups of users. Please check with the local energy office or other
transportation agencies for up to date information for your state and city.

The City of Cincinnati qualified for a grant from the Dept. of Transportation Congestion
Mitigation and Air Quality Program in 2000 that paid the difference between the cost of
biodiesel and the cost of diesel fuel. These grants are available to other communities through the
Clean Cities Program. For more information contact the Clean Cities Hotline at 1-800-CCITIES
(1-800-224-8437).

The Energy Policy Act of 1992 (EPAct) provides an indirect incentive program to federal and
state fleets which may be applied to municipal fleets and large commercial fleets in the near
future. The EPAct regulation requires federal and state fleets to purchase alternative fueled
vehicles. The regulation sets the requirements for a percentage of each year’s purchases, so that
some fraction of that year’s vehicle purchases must be able to run on alternative fuels.
Unfortunately, the government is not willing to claim that all diesel vehicles are alternative
fueled vehicles just because biodiesel can be used in all existing diesel vehicles. Therefore, a
special exemption was created for biodiesel. The government will give the fleet an “alternative
vehicle credit” (a paper credit, not a financial credit) to a qualified customer (federal or state
governments and some utilities) that purchases 450 gallons of pure biodiesel and uses it in a
blend of at least 20% (B20) in a heavy-duty vehicle with a gross weight of 8,500 pounds or
more. There is no requirement to use B20 year round. For multiple credits, multiple purchases of
450 gallons of B100 are all that is required, and they can be burned in one or more vehicles as
long as the mixture used exceeds 20%. Most federal and state fleets have started to shift a large
part of their heavy-duty fleets to biodiesel on a regular basis. Some fleets in northern climates
limit purchases in winter months, but resume again in the spring and use B20 throughout the
spring, summer, and fall months. For more information on EPACT, contact the Lee Slezak, U.S.
Department of Energy, (202) 586-2335.
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The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

1) SCOPE:

This market study was undertaken to complement the study initiated by a grant from Dr.
William G. (Bill) Jackson to determine the feasibility of operating the Annis Water
Resources Institute (AWRI) research vessels on biodiesel, Both the R/V W.G. Jackson
(Jackson) and R/V D.J. Angus (Angus) currently contribute to the degradation of air and

water quality by use of petroleum based diesel fuel (petrodiesel) which is in conflict with
the charter and spirit of AWRI

The recommendation of the “The Feasibility of Fueling the Research Vessels W.G.
Jackson and D.J Angus with Biodiesel” is to initially use a petrodiesel and biodiesel
blend (B20) in the AWRI vessels to gain some environmental benefits and experience to
determine if fueling both boats with biodiesel is feasible. B20 is a blend of 20%
biodiesel and 80% petrodiesel. Unblended biodiesel is called biodiesel, B100, or “neat”
biodiesel. The use of biodiesel in the Angus is feasible with little concern and should not
increase fuel consumption more than 5%, However, the use of biodiesel in the Jackson

has the potential to increase fuel consumption by 30% and economic considerations may
preclude its use.

The Jackson operates out of the Lake Michigan center on Muskegon Lake, Muskegon,
Michigan while the Angus operates out of Grand Haven, Michigan. Operating the
vessels on biodiesel is easily accomplished in a one time event scenario but may be
difficult to sustain due to cost or availability of biodiesel in the Muskegon and Grand
Haven areas in the long term. It is anticipated that this market study will give an
indication of the demand for biodiesel in West Michigan thus providing confidence in the
long term availability of biodiesel to our vessels.

2) TRI-PLEX DIESEL FUEL MARKET DESCRIPTION:

a) Users: The diesel fuel user group (users) is a mixture of recreational boaters, Coast
Guard, commercial watercraft, and miscellaneous other boats. The recreational
boating segment, by far, is the largest single group (in number) to consider.
Commercial and miscellaneous other boats consisting of tugs, dredges, towboats,
tourist cruise boats, research vessels, rescue, and buoy tenders also form a significant
market segment (in numbers). One Commercial Operator dominates the entire diesel
fuel market in that it consumes nearly four times the combined total of all other users.
With this one exception, the recreational diesel fuel market is the largest consumer of
diesel fuel with all other users forming a secondary market.

b) Distributors: The distribution of marine diesel fuel within the Tri-Plex is by tank
truck to individual marinas or directly to larger vessels at dockside.

¢) Retail: Diesel fuel is sold to recreational boaters primarily by marinas within the Tri-
Plex. The fuel sold is generally automotive fuel dyed red to differentiate it from
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automotive fuels. However, high sulfur, off road fuel could (legally) be sold. Some
recreational users purchase their fuel at automotive retailers and transport to their
boats in small containers to avoid the premium normally paid by marine fuel users.

Legislation requiring double walls on fuel storage tanks and containment measures
resulted in a significant reduction in the number of fuel retailers in recent years
reducing the number of marinas offering fuel. Most areas discussed in this study
have only two retailers. The number of retailers in the regions and responses from
marinas has limited the presentation of fuel sold/used data in this report to three
market segments rather than the five initially planned.

3) MARKET ASSESSMENT METHODOLOGY:

a) Constraints:

i) Geographical Constraint: The geographical area was selected to encompass the
area in which AWRI operates and can most effectively influence. The area also
coincides with the area of interest to the West Michigan Strategic Alliance for
economic growth and the focus of their regional planning — the West Michigan
Tri-Plex (Tri-Plex). The Tri-Plex is a triangular area formed by Whitehall on the
North, Saugatuck/Douglas on the South and Grand Rapids on the East. This area
was considered both small enough to allow a time and resource constrained

market study and large enough to allow extrapolation of data to the total
population of diesel fuel users in the area.

The East coast of Lake Michigan has unique features caused by the glaciers that
once covered the area, erosion, and changing lake levels during the past few

thousand years. These conditions resulted in five drowned river mouth lakes in
the Tri-Plex. The study also looked at these areas as five individual and distinct

regions to determine if there were characteristics and trends unique to any of the
smaller areas.

(1) Geographic Segmentation: There are marinas, commercial operators and
recreational boats both in marinas and at private docks within each region.

These five segments have been identified by the geographical descriptions
and numbers defined in Table 1.

Region 1, Whitehall, includes all areas bordering on White Lake but does
not include any area of the White River upstream of Dowling Street.

Region 2, Muskegon, includes all areas boarding on Muskegon Lake but no
areas North-East of the Whitehall Rd bridge over the Muskegon River or the
Bear Lake channel North of the Ruddiman St. Bridge.
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¢) Data acquisition: The primary data gathering approach was by questionnaires
distributed either by US mail or by personal visit. (See Appendix N) Supplemental
data were gathered by personal or telephone interviews. The following
questionnaires were created to gather data:

DIESEL FUEL SURVEY - DISTRIBUTORS (Distributor Survey)
DIESEL FUEL SURVEY -~ MARINAS (Marina Survey)

DIESEL FUEL SURVEY - BOATERS (User Survey)

DIESEL FUEL SURVEY — COMMERCIAL OPERATORS (Commercial
Operator Survey

b b B

i) Survey Questionnaires:

(1) Distributors: The Distributor Survey questionnaire (See Appendix F)
focuses on the volume of diesel fuel distributed into the five regions. In
addition, information was requested regarding the volume of spilled diesel
fuel, if any, general knowledge of biodiesel, and pending legislation that
could affect sales of petrodiesel.

The individual distributors on the list were sent questionnaires with cover
letters stating the purpose of the survey and requesting a response within 30
days. A self addressed, postage paid, envelope was supplied with each
questionnaire. Each respondent was told that they would receive the
resulting marketing data as an incentive to respond to the questionnaire.
Each questionnaire was coded to identify the responding distributor.

Seventeen Distributor Survey questionnaires were mailed with only 2 (12%)
being returned. Neither of the responding distributors sold marine diesel
fuel in the Tri-Plex area. The question asking for multiple year fuel
shipments probably discouraged responses as the data most likely would
require some research. There may also be an issue with the nomenclature
“marine diesel” as the recreational diesel sold at marinas is called often dyed
diesel and is over-the-road diesel fuel dyed red as opposed to true marine
diesel which has high sulfur content. The fuel is dyed to indicate
compliance with tax laws.

Questions were included on the questionnaire to confirm or change the
assumed distribution system. Distributor responses to the questionnaire
were insufficient to confirm or change the assumed distribution process.

(2) Marinas: The Marina Survey questionnaire (See Appendix H) researches
fuel sold for multiple seasons, average price for the latest season, number of
spills, estimated volume spilled, and knowledge of biodiesel. The
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underlying goal of the questionnaire was to obtain permission to survey
recreational boaters within the marinas - the largest pool of users.

The individual marinas on the list are the primary retailers of recreational
diesel fuel within the five regions. Each of the identified marinas (54) was
sent a questionnaire with a cover letter stating the purpose of the survey and
requesting a response within 30 days. Each questionnaire also requested
permission to distribute the User Survey questionnaires to each boat in the
marina in late May and place a collection box in the marina office which
would be picked up in early July. A self addressed, postage paid, envelope
was supplied with each questionnaire for the marina to return their response.
Each marina was told that they would receive the marketing data if they
responded to the questionnaire as an incentive. Each questionnaire was
coded to identify the responding marina. 37% of the marinas surveyed
returned a completed questionnaire.

The marinas were asked if they would host a seminar to acquaint boaters in
their marina with the benefits of biodiesel -20% percent of the surveyed
marinas volunteered to host a seminar. Also, marinas were asked whether
they were aware of biodiesel as a fuel and pending legislation that could

affect their diesel fuel sales and capital equipment, i.e. storage tanks and
fuel pumps.

Questions were included to identify distributors not on the initial target list.
Two were identified from the Marina Survey responses and two potential
distributors were added as a result of tours of Region 3, Grand
Haven/Spring Lake, when completing the marina target list. None of the
four additional distributors responded to the distributor questionnaire.

ii) Users:

(a) Recreational Boaters: The User Survey questionnaire (See Appendix I)

was intended to gather the majority of the data to be used for this market
study.

This questionnaire gathered data on the sensitivity of potential users to
price variations and premium (cost above petrodiesel pricing) that might
be encountered in the purchase of biodiesel. Also, boaters were asked if
they had an interest in attending biodiesel, educational seminars.

The recreational boaters were either surveyed by questionnaire or, in those
cases where the marinas would not allow the survey, counted by a
personal visit to the marina with the expectation that data could be created
by extrapolation from the questionnaire responses. The User Survey
questionnaires were hand delivered to each boat and a collection box

Annis Water Resources Institute 50f22

9/29/2003
Grand Valley State University

Annis Water Resources Institute MR-2003-111
Grand Valley State University 6 of 24



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

placed in the marina office for collection of responses. A cover letter was
included stating the purpose of the survey and requesting a response be
placed in the collection box within 30 days. A memento (keychain) from
AWRI/Grand Valley State University was included as an incentive to
respond to the questionnaire. The questionnaire, cover letter, and
memento were sealed in a plastic bag and placed in the cockpit of the
boats in each marina surveyed. The plastic bag was used so the survey
would survive any adverse weather that might occur before the boat owner
returned to the boat. Each questionnaire was coded to identify the marina
from which the response was received. 2,450 survey packages were
prepared for distribution to recreational boaters. However, only 1385
were distributed as there were misleading data from the marina survey as

to the number of boats in marinas. User’s surveys were distributed in late
May, 2003.

The volume of incidental fuel spills was a target of the User Survey as
often small incidental spills occur when fueling are not considered
significant but incidental spills from a large number of boats could be.

The questionnaire included an opportunity for respondents to make

comments on the survey. The comments received are documented in
Appendix M.

In mid June, a follow-up letter was sent to each marina in which the user
survey was distributed to inform the marina that the survey had been
distributed, request that the marina operator not discard the collection box
or move it to a location that would be difficult to locate, and to restate the
dates the collection boxes would be picked up.

79 of the 1385 (5.7%) questionnaires distributed were returned. The
respondents were primarily diesel fuel users and indicated a response that
was not a true representation of the distribution of fuel used by the
recreational boating community.

78% of the respondents indicated that they would attend a biodiesel
seminar if made available in their home marina and 53% indicated that
they would be willing to travel 4 miles to attend a biodiesel seminar.
Neither percentage proved to be an accurate indication of interest in a
biodiesel seminar, as total attendance at the three seminars was 10 people
whereas responses to questionnaires indicated a possible attendance of 44.
Two marinas, Anchorage Marina in Holland and Ellenwood Landing in
Montague, made commendable efforts to advertise the seminars by
locating the announcements in multiple locations, articles in their
newsletters, announcing the start of the seminar on their public address
systems, and provided excellent facilities. In the third marina, the
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announcement AWRI mailed to the marina could not be found on any
bulletin board, the marina office was not aware that there was any seminar
planned and no facilities were made available — predictably, there were no
attendees from the 21 boaters who indicated an interest in attending the
seminar.

(b) Commercial Operators: The Commercial Operator survey questionnaire
(See Appendix G) was designed to gather supplementary diesel fuel data
to be used for this study. It was believed that the commercial market was
a secondary market but 2 small number of boats operating a large number
of hours per season may be significant. The questionnaire was
supplemented by telephone or personal interviews. Few responses to the
questionnaire were received and data presented in this report is primarily
from personal contacts or telephone interviews. Two commercial
operators were unwilling to share information and so the fuel used by
commercial operators is understated. One commercial operator in Region
2 dominates the market using nearly four times the fuel of all other
consumers combined.

Six of the 19 questionnaires distributed to Commercial Operators were
returned (31.5%). All other fuel used data gathered from commercial
operators was by telephone interview.

d) Survey Target Selection:

i) Distributors: The Distributor Survey (See Appendix J) candidates were selected
from area telephone directories and internet websites. The candidates were
selected based on the description of products sold and location. Two
supplemental distribution points of sale were added as a result of a tour of Region
Three by car while verifying the marina candidate list. Two additional
distributors were added to the candidate list from the marina survey responses.

ii) Commercial Operators: The Commercial Operators (See Appendix L)
candidates were selected from area telephone directories, internet websites, and
knowledgeable locals. The candidates were selected based on the description of
services rendered and their location.

iii) Marinas: The Marina Survey (See Appendix K) candidates were selected from
area telephone directories, internet websites, personal experience, and
knowledgeable locals. The term marina as used in this report includes yacht
clubs and condominiums with attached marinas. Each geographical area was then
visited to ensure all candidates were identified and to add or correct the candidate
list where necessary. In general, this resulted in adding or changing between 20
and 40 % of candidates on the regional lists and was deemed a worthwhile use of
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announcement AWRI mailed to the marina could not be found on any
bulletin board, the marina office was not aware that there was any seminar
planned and no facilities were made available — predictably, there were no

attendees from the 21 boaters who indicated an interest in attending the
seminar.

(b) Commercial Operators: The Commercial Operator survey questionnaire
(See Appendix G) was designed to gather supplementary diesel fuel data
to be used for this study. It was believed that the commercial market was
a secondary market but 2 small number of boats operating a large number
of hours per season may be significant. The questionnaire was
supplemented by telephone or personal interviews. Few responses to the
questionnaire were received and data presented in this report is primarily
from personal contacts or telephone interviews. Two commercial
operators were unwilling to share information and so the fuel used by
commercial operators is understated. One commercial operator in Region

2 dominates the market using nearly four times the fuel of all other
consumers combined.

Six of the 19 questionnaires distributed to Commercial Operators were
returned (31.5%). All other fuel used data gathered from commercial
operators was by telephone interview.

d) Survey Target Selection:

i) Distributors: The Distributor Survey (See Appendix J) candidates were selected
from area telephone directories and internet websites. The candidates were
selected based on the description of products sold and location. Two
supplemental distribution points of sale were added as a result of a tour of Region
Three by car while verifying the marina candidate list. Two additional
distributors were added to the candidate list from the marina survey responses.

ii) Commercial Operators: The Commercial Operators (See Appendix L)
candidates were selected from area telephone directories, internet websites, and
knowledgeable locals. The candidates were selected based on the description of
services rendered and their location.

iii) Marinas: The Marina Survey (See Appendix K) candidates were selected from
area telephone directories, internet websites, personal experience, and
knowledgeable locals. The term marina as used in this report includes yacht
clubs and condominiums with attached marinas. Each geographical area was then
visited to ensure all candidates were identified and to add or correct the candidate
list where necessary. In general, this resulted in adding or changing between 20
and 40 % of candidates on the regional lists and was deemed a worthwhile use of
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the time to accomplish the drive-by. Region 5 nearly doubled in number of
candidate marinas.

Distribution of the market data and extrapolation to the future market was
dependent on sufficient responses to preserve anonymity of any single
respondent. This was assumed to be three to four marinas depending on the total
number of users, fuel sold, or unique conditions that could reveal an individual
respondent’s identity. There are not sufficient fuel retailers or historical data to
allow a regional discussion and trend analysis of fuel used/sold.

iv) Users:

(1) Recreational Boaters: The User Survey questionnaires were distributed to
boater in marinas allowing the User Survey (Question 17 on Marina Survey
questionnaire). Recreational boats excluded from the data, in general, do
not use diesel fuel but add to the total population in the Tri-Plex and
contribute to the degradation of the environment within the Tri-Plex.

The Grand River, upstream of Grand Haven supports a significant number
of recreational watercraft at private docks and in marinas. Three river
marinas were counted and two surveyed. The character of the user group on
the Grand River is different from that found in the drowned river mouth

lakes and may be deserving of more attention than allowed by this market
study.

The total number of recreational boats in Regions 3 and 5 in this report is
understated the areas along the rivers are inaccessible.

(2) Commercial Operators: Commercial and other work boats (See Appendix
L) identified by responses to the Marina and User Survey questionnaires
were surveyed by a questionnaire added at a late date and a follow-up
telephone contact. Commercial vessels observed during the manual count
were excluded from the data but may add to the total population in the Tri-
Plex. Commercial vessels are difficult to determine ownership and so
vessels observed within the Tri-Plex were not counted. Only commercial

vessels reported by questionnaire responses or telephone interviews are
included in this report.

There are a number of charter boats (fishing) that operate out of Grand
Haven, and Saugatuck and few out of the other regions. These vessels were
included in the (recreational) user group. None was found to use diesel fuel.
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4) ASSUMPTIONS and EXTRAPOLATIONS:

2) Assumptions:

i) Responses: This market study was dependent on sufficient responses to the
various questionnaires to make reasonable extrapolations to the total population
of users. The Marina Survey questionnaire responses and personal contacts with
commercial operators provided sufficient data regarding fuel used in the Tri-Plex.
User Survey questionnaire responses provided sufficient data on fuel and price
sensitivity to make reasonable forecasts for biodiesel sales to recreational boaters.

Commercial Operators questionnaires provided insufficient historical data to
extrapolate to future growth. Consequently, only the fuel used in 2002 is used in
this report and no estimated growth is attempted.

User Survey questionnaire responses were insufficient to correlate fuel sold by
marinas to fuel used by recreational boaters. Consequently, responses were used
only to estimate potential biodiesel sales based on percentages of respondents
willing to buy under the scenarios considered.

ii) Distribution of data: The underlying assumption in this study is that there
would be an even distribution in the data received from the users. This proved
not to be the case as the user responses were predominately from users of diesel
fuel. The User Survey questionnaire itself may have been the cause for the diesel
fuel bias. The questionnaire was headed “Diesel Fuel Survey — Boaters” and
allowed respondents that did not use diesel fuel to skip a number of questions.
These two items may have given the impression that a response from non-diesel
fuel consumers was not important.

iii) Fuel usage: The fuel sold within each region is assumed to be consumed in the
region. This assumption introduces an error but quantification is difficult.
Recreational boats and commercial operator boats leaving a region (buying fuel
elsewhere) may be offset by boats entering from other regions. No correction was
attempted for this error.

iv) Distributors: The Distributor Survey questionnaire was assumed to be an
attemnpt to gather data from sources likely to be unwilling to respond with
meaningful data. The intention was to rely on user and marina fuel used and sold
data rather than data from a small group of distributors. Any fuel sold data
received from the distributor segment was to be used for comparison to fuel used
information from the user group. Insufficient data was received to confirm the
fuel sold data from marinas.

v) Marinas: The Marina Survey questionnaire was intended to gain some data but it
was anticipated that the number of marinas and responses might insufficient to
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4) ASSUMPTIONS and EXTRAPOLATIONS:
a) Assumptions:

i) Responses: This market study was dependent on sufficient responses to the
various questionnaires to make reasonable extrapolations to the total population
of users. The Marina Survey questionnaire responses and personal contacts with
commercial operators provided sufficient data regarding fuel used in the Tri-Plex.
User Survey questionnaire responses provided sufficient data on fuel and price
sensitivity to make reasonable forecasts for biodiesel sales to recreational boaters.

Commercial Operators questionnaires provided insufficient historical data to
extrapolate to future growth. Consequently, only the fuel used in 2002 is used in
this report and no estimated growth is attempted.

User Survey questionnaire responses were insufficient to correlate fuel sold by
marinas to fuel used by recreational boaters. Consequently, responses were used
only to estimate potential biodiesel sales based on percentages of respondents
willing to buy under the scenarios considered.

ii) Distribution of data: The underlying assumption in this study is that there
would be an even distribution in the data received from the users. This proved
not to be the case as the user responses were predominately from users of diesel
fuel. The User Survey questionnaire itself may have been the cause for the diesel
fuel bias. The questionnaire was headed “Diesel Fuel Survey — Boaters” and
allowed respondents that did not use diesel fuel to skip a number of questions.
These two items may have given the impression that a response from non-diesel
fuel consumers was not important.

iii) Fuel usage: The fuel sold within each region is assumed to be consumed in the
region. This assumption introduces an error but quantification is difficult.
Recreational boats and commercial operator boats leaving a region (buying fuel

elsewhere) may be offset by boats entering from other regions. No correction was
attempted for this error.

iv) Distributors: The Distributor Survey questionnaire was assumed to be an
attempt to gather data from sources likely to be unwilling to respond with
meaningful data. The intention was to rely on user and marina fuel used and sold
data rather than data from a small group of distributors. Any fuel sold data
received from the distributor segment was to be used for comparison to fuel used
information from the user group. Insufficient data was received to confirm the
fuel sold data from marinas.

v) Marinas: The Marina Survey questionnaire was intended to gain some data but it
was anticipated that the number of marinas and responses might insufficient to
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(1) Price sensitivity: Percentages of respondents that indicated that they would
buy biodiesel and premiums they are willing to pay were assumed to apply
to the entire population of (recreational diesel fuel) users. A margin of error
is calculated for these extrapolations.

(2) Biodiesel Market Available: The available biodiesel market was estimated
using the percentage of recreational boaters that indicated that they would
buy biodiesel under the price options considered. No estimate of the
available market for biodiesel sales to commercial operators is included.

(3) Fuel Consumed: Fuel consumed in each region is fuel sold by marinas and
fuel used by commercial operators, no extrapolation from recreational
boaters’ responses was made.

One marina in Region 2 did not have sufficient records to provide annual
fuel sold data. Fuel sold data for this marina was annualized from three
months sales in 2003. With this single exception, the data gathered is
simply reported. Commercial fuel used is also reported directly from
questionnaire responses or personal interviews. Estimated biodiesel fuel
sales are for recreational fuel only

(4) Diesel Engines: The number of diesel engines in each region is estimated
from the total estimated number boats, Marina Survey responses, and the
percentages of sail and power boats using diesel fuel from the inspection of
boats at two marinas (See Table 7).

5) RESULTS and DISCUSSION:

Table 2 is the recreational boat density by region. Region 3 provides the calculation for
Spring Lake only and excludes the lower Grand River - downstream of 104™ Ave.

TABLE 2
Tri-Plex Recreational Boat Density
Lake Boats per
Region | Description : 3 gg::: Bo:f;::er mile of
Area Perimeter shoreline
1 Whitehall 2535 16.922 1057 0.42 62.5
2 Muskegon 4232 29.622 1544 0.36 52.1
Pag‘ f | Grand Haven® | 1028 | 22637 | 756 | 0.74 334
4 Holland 1801 16.699 1330 0.74 79.6
5 Saugatuck 321 5.557 780 2.50 140.4

| - Area in acres, 2 — Perimeter in miles, 3 - Spring Lake only
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Regional and Tri-Plex summary data and available biodiesel market estimates are
summarized in Tables 3, 4, 5, and 8. Some detail data has been combined with other
regions to preserve anonymity of respondents.

a) Distributors: This portion of the distribution network was anticipated to be the most
sensitive to outside inquiries and to disclosure of volumes of fuel shipped into the
region. Price history was not a survey question because of this sensitivity and a better
source for this information was the user’s questionnaire which had questions to
explore price and user sensitivity to price variation. The number of distributors was
small, just seventeen, and the small number of respondents (2 - neither of which
serviced the marine users) would not allow extrapolation of data or conclusions to be
made.

i) Biodiesel Awareness: Only one respondent answered the questions on the
survey form indicating some familiarity with biodiesel as a fuel. The second was
non-responsive merely indicating that they didn’t sell diesel in to the marine
market in the Tri-Plex.

ii) Pending Legislation: Only one of the two distributors who responded was aware
of legislation that could affect his sales of diesel fuel.

b) Marina Survey Questionnaire Responses: Table 3 summarizes the responses
received from marinas. The Table contains only data provided by marinas — no
extrapolations have been included. The fuel sold data is assumed to be fuel sold to
recreational boats. The numbers of boats are only those reported in responding
marinas. Note that regions with similar characteristics, 1 and 2, and 3 and 5, have
been combined to preserve anonymity of responses. Regions 3 stands alone as there
were sufficient responses to preserve anonymity.

A surprising number of marinas responded favorably to allowing the boaters to be
surveyed and to hosting a seminar. From the 54 surveys distributed, 20 were returned
(37% return rate), 17 (31%) allowed the user survey to be distributed in their marina
(distributed in 14), and 11 (20%) volunteered to host biodiesel seminars.

The number of marinas responding to the December survey from Regions 4 and 5
was insufficient to insure anonymity and to allow general conclusion to be made
regarding the region. These regions were resurveyed in April of 2003. It was hoped
that a second mailing of surveys to marinas might produce sufficient added responses
to allow the regions to be treated individually. This proved to be the case for Region
5 as three additional questionnaires were returned. However, Region 4 had no
additional responses. Data from both the December and April surveys are included in
the tables.
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Four marinas reported spills of diesel fuel totaling approximately 27 gallons per year
20 gallons of which is reported in Lake Macatawa. As one of the goals of this study
was to assess the significance of the volume of incidental diesel fuel spills and the
potential impact on the environment, the lack of any appreciable spilled volume can
be either encouraging or disappointing. Encouraging if it accurately reflects the total
spilled volume or disappointing if underreported due to fears of consequences of
admitting petroleum spills. No determination of accuracy of the spilled volume is
possible from the available data and further research should be considered to assess
the true situation.
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¢) Total Recreational Boats: The database of recreational boaters was supplemented by
counting boats in marinas that did not respond to the Marina Survey questionnaire and
boats not in marinas, i.e. private docks or moorings.

Table 4 includes the counted boats by region to estimate the total number of boats in
each region and the Tri-Plex. The total number of diesel engines is estimated from data
provided and an independent inspection of boats in two marinas. (See Section 3e)

Some regional differences become apparent from examination of the data, Recreational
boaters in the Grand Haven and Saugatuck/Douglas, Regions 3 and 5, have
significantly fewer sailboats - attributed to the lack of protected waters for day sailing
similar to the drowned river mouth lakes of White Lake, Muskegon Lake, and Lake
Macatawa. The percentage of sailboats for Regions 3 and 5 is 8.8% compared to

42.7% for Regions 1, 2 and 4, both significantly different than the 28% average for the
Tri-Plex

Marinas generally did not answer Question 1 on the Marina Survey accurately. To the
question “How many boats were in slips/moored in your marina in 2002?" Responses
received ranged from the total number of slips in the marina to how many boats were
serviced in 2002. This inaccuracy caused the preparation of nearly double the surveys
required. Also, contributing to excess survey packages was the late spring weather and
low water level causing many boaters to delay launching their boats. (180 boats not yet
launched were counted in two marinas that have 540 slips (33% of capacity). These
boats are not included in the totals for the region but indicate the potential undercount
of the totals represented in the report.) A total of 1385 user survey packages were
distributed (of the 2450 prepared) to recreational boats in marinas in the Tri-Plex.

Three small marinas (with 4, 7, and 9 slips) that granted permission to survey their
customers and indicated that they had no slips leased to sailboats were not surveyed.
This was done to reduce the time and materials required to complete the user survey.
The small marinas not surveyed were manually counted during a visit as were larger
marinas that did not respond.

The 17 collection boxes suffered various fates. One was nearly destroyed by a young
Labrador, one was lost (likely thrown out with an undetermined number of responses)
and replaced later, one was not picked up as the private marina was inaccessible and the
contact person could not be reached to arrange the pick-up of the collection box. One
marina threw out their collection box as it was empty (when it was thrown out is an
unanswered question), and at least one was located (hidden?) where it was difficult for
the boaters to find. All these issues adversely affected the number of responses.

79 (of the 1385 surveys distributed) of the recreational boat surveys distributed in the
marinas in the Tri-Plex were returned (5.7 %). Region 1 had a 13.5 % rate of response
while Region 2 had just 2.5 % returned.
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The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

d) Commercial Operators: Table 5 summarizes fuel sold data. The data was obtained
primarily from personal contacts and not from questionnaire responses.

Table 5 also includes the total fuel sold by region and for the Tri-Plex. The total fuel
sold estimate is the sum of the reported commercial operator fuel used in 2002 summed
with the marina fuel sold data. This estimate is understated as there are two
commercial operator and one marina that would not provide fuel data. There were fuel
sold data received from distributors that would support or contradict the reported data.

The assumption that commercial operators formed a secondary market proved
marginally correct. One large commercial operator consumes nearly four times the
total of all other commercial operators and recreational boats combined. With this lone
exception, recreational boats are the primary users of diesel fuel.

e) Recreational Users:

Analysis of the User Survey responses would lead to the conclusion that 86% of the
recreational sailboats and that 32% of the power boats have diesel engines. Table 6
summarizes the recreational boaters responses as to type of vessel and fuel used.
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The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

TABLE 6
Type of Fuel Used — User Responses
Boats that use diesel fuel | Boats that use gasoline Total
Sail Power Sail Power

Number 25 16 e 34 79
Percent' 32.00% 20.00% 5.00% 43.00% 100%

Sails Boats 25 NA 4 NA 29
Percent’ 86.00% NA 14.00% NA 100%

Power Boats NA 16 NA 34 50
Percent’ NA 32.00% NA 68.00% | 100%
Percent’ 37.00% 63.00% 100%

1 - Percentage of total boats, 2- Percentage of total sailboats or total power boats, 3 — Percentage of total boats

Because of the low number of responses and the suspected bias toward diesel fuel
in the responses, supplementary data was gathered with visits to a large marina in
Region 2 and a marina in Region 1 to determine fuel used by inspecting the fuel
filler cap, boat transoms (diesel engine exhaust will discolor boat transoms), or
engine control panels on all boats. This exercise resulted in the distribution of
diesel fuel and gasoline use between sail and power boats listed in Table 7.

TABLE 7
Type of Fuel Used — Boat Inspections
Boats that use diesel fuel | Boats that use gasoline Total
Sail Power Sail Power
Number 95 12 60 206 373
Percent’ 25.47% 3.22% 16.09% 55.23% 100%
Sails Boats 95 NA 60 NA 155
Percent’ 61.29% NA 38.71% NA 100%
Power Boats NA 12 NA 206 218
Percent’ NA 5.50% NA 94.50% 100%
Percent’ 28.69% 71.31% 100%

1 - Percentage of total boats, 2- Percentage of total sailboats or total power boats, 3 — Percent of total boats.
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The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

There lack of agreement between Tables 6 and 7 support the supposition that the
data from the user responses was skewed toward diesel fuel users and not a true
cross section of users (37% from Table 6 and 28.7% in Table 7). There is potential
agreement between the percentage of power boats with diesel engines from the
marina survey data (5.3% - See Appendix D) and the data from the marina boat
inspection data (5.5%).

For purposes of estimating the number of recreational boats using diesel fuel, the
percentages of Table 7 are used in this report.

Elimination of the confusion created by the diesel fuel bias in the user responses
would require a resurvey and responses that were more reflective of the total
population of users. Follow-up interviews with users may also be necessary.

f) Potential Recreational Biodiesel Market: Table 8 estimates the available recreational
market for biodiesel. The available market is estimated using the percentage of
respondents that would buy biodiesel under the scenarios considered in this study.

These scenarios are:

1. Biodiesel is available for purchase by the boater at the price and
location where the boater currently buys his petrodiesel fuel — at parity
with petrodiesel.

2. Biodiesel is available for purchase by the boater at a price 10% higher
than petrodiesel at the location where the boater currently buys his
petrodiesel fuel.

3. Biodiesel is available for purchase by the boater at a price 30% higher
than petrodiesel at the location where the boater currently buys his
petrodiesel fuel.

The questionnaire asked if the boaters would buy biodiesel priced at $0.16 or $0.48
higher than petrodiesel which equates to 2 10% or 30% premium when the
questionnaire was formulated.

The historical data gathered from marinas and distributors did not provide adequate
information to forecast potential biodiesel sales for 2003 thru 2005 as was planned. An
alternate approach to predicting future sales is to use fuel or engines sales trends. This
approach ignores any regional growth differences but is the only possible approach at
this time. The national trend in diesel engine sales in recreational boats reported by the
National Marina Manufacturers Association (NMMA) is an increase of 3.5% per year.
The national diesel fuel sales are increasing at a rate of approximately 1.4% per year.
Using the engine sales trend may be a more accurate predictor of future fuel sales as
this is a trend established over a five year period whereas the fuel sales trend is over a
ten year trend does not reflect an upturn in the preference for diesel engines that has
occurred in the recent past.
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The Marine Market for Biodiesel Fuel in the West Michigan Tri-Plex

6) WEST MICHIGAN TRI-PLEX — POTENTIAL BIODIESEL FUEL MARKET:

a) Market Description:

The West Michigan Tri-Plex diesel fuel market is dominated by one commercial
operator. Recreational boaters that use diesel fuel are approximately 29% of the
total recreational boats in the Tri-Plex. The total number of diesel powered sail
boats in the Tri-Plex is approximately 1,190. Adding to the total number of diesel
powered vessels in the Tri-Plex, are an estimated 273 non-sail diesel powered
recreational boats, and 42 operated by commercial operators approximately or an
approximate total of 1,505 diesel powered watercraft — many power boats with

multiple engines. Total marine diesel fuel consumed in the Tri-Plex was nearly
1,290,000 gallons in 2002.

The recreational boaters surveyed in the Tri-Plex indicate that they would buy
biodiesel at an average price of $0.38/gallon above petrodiesel. The acceptable
average premium the recreational market is willing to pay for biodiesel varies from
$0.24 to $0.52 per gallon within the five regions considered.

The recreational boaters’ responses indicate that marinas could sell approximately
130,000 gallons of biodiesel at a price 10% higher than petrodiesel. Biodiesel
would be priced significantly above this figure. However, B20 could be priced at
an acceptable level and may be more acceptable to recreational boaters given some
of the concerns expressed in the comments received. An annual growth rate of 3.5%

per year in recreational boats with diesel engines implies a similar growth in
recreational fuel sales.

At parity with petrodiesel, approximately 200,000 gallons of biodiesel fuel could be
sold annually with an estimated growth rate of 3.5% per year.

B100 at a premium of 30% above petrodiesel is neither acceptable to boaters nor
offered from distributors.

The commercial market offers the biggest single opportunity in that over one
million gallons of diesel fuel is consumed in the Tri-Plex. However, the available
commercial market for biodiesel or a blend is beyond the scope of this study.
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Total number of
boats

Total Number of
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Esttimated numbe

d B
4
2

of diesel Engines

of diesel Engines

Esttimated number

Marine Deisel

Pump

ats

Diesel work bo

Number | Number
i g

A
%
i
|

Fuel Sold/Used -
2002
Fuel Price - 2002

Great Lakes Marlna & Storage

M-20|Harbour Town Marina

Hartshomn Marina

M-22||Lakeshore Yacht Harbour, Inc

M-25|Terrace Point Marina

ing marinas
=
j 5
—

M-47{{Anderson Marina

C-7 [INorth Pier Condo

Y6 [Muskegon Yacht Club

Y-12 Muskegon Conservation Club
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Fishermans Landing
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[DCODE | Number | Number Number YorN_ | Number | Number
] ."65 E ) g g 2 3 g € : E
2 | MISC HAND COUNTED : | g2 | €8 | 258 g; £ e | % o ' :
BOATS ] 23 | 24 g5 8 52| 8¢ | § 3§ E o
® 5 6 | 8gY | 8% k- & e 3 o
- = 2 g [ c

M-2 [|Grand Haven Munici 2
M-3 d Isle Marina 1
M-4 [[Grand Valley Marina II 1
8 | M-46|[Dicks Landing 0
E M-6 |[Wharf Marina Inc. 0
g, M-33 || Paradise Cove Marina Inc. 0
E M-35|{Village Cove Marina |
g M-42 || Barrett Boats Works 0
Z | Y-8 ||Spring Lake Yacht Club 50
C-9 ||Holidy Inn_Marina 1
Rycenga Marina 0
River Boat 0
Totals of non-reponding marinas only 969 56
1 Petty's Bayou 49 4
2 Condo at Barrets 30 0
3 8 0
4 12 1
5 22 2
6 21 2
7 7 0
8 17 0
9 24 0
10 9 0
11 16 0
12 36 0
13 5 0
14 41 1
15 12 1
16 28 0
17 20 0
18 22 1
19 25 1
20 13 0
21 Sum for Spring Lake alone 417 13
22
23
24
25
26 5 1
27 ||Cntd from River Haven Marina 14
28 :
0 14
|40
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RECREATIONAL BOATER SUMMARY BY REGION
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Percent Diesel Diesel Sell | Diesel
4 No.of No.of 2 Fuel Fuel
Diesel in Boats | Sailboats Engines - | Engines- | Diesel | Work Sold/Used| price
power ones Sail non-Sail | Fuel | Boats P
5.3% . 4337 - 276 235 0 0 0 0
Total No | Total No of Diesel Fuel
Percent | of Boats | Sallboats C;I::I::.d 0;1::::::'1 Lf::ry:: Number| Sold Price
Counted | Counted Gallons
28682 ||Counted boats In marinas
1475 [ICounted boats at private docks
10 CODE Numbar Number Number Number YarN Number Num
——— ron =? T:E - o
‘5 'O- L] e - o h-] [-]
[ - o
o |5 | 82 |38, |88, |3.| 28|38 |&®
MISC HAND COUNTED s Ed €3 "5 | 232 | OF ¥ g_ o 3
BOATS ] 8 | 25 | £§2 | 8582 | £ 3 o« E
9 = =5 24 au T = @0 o
= 1§ | §° | 9§ |95 |2 | § | % |
(= [ g g 8 e &

M3 | EMenwoo
Cross Winds Marine Service 1
a South Shore Marina 0
E] White Bay Marina & Resort 0
E Armstrong Marina 0
£ | M-51 [Harbor Hill Landiing 0
§ M-41 [|Whiteha!l Municipal Marina 1
g C-8 ||Driftwood Dunes Condos 0
E Y-13 [White Lake Yacht Club 0
A
Totals of non-reponding marinas only

1 90 4

2 49 6

3 27 3

4 14 3

5 1 7

6 20 8

7 50 50

8 39 5

9 3 3

10 30 6

11 25 1

12 21 3

13 12 2

14

15
0 421 101

1
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DCODE | Numbar |  Number Number YorN | Numbar | Number | Number f
RN AR AEE R
@1 gy | 34 EF | 2R e ¢ |5
g | MISCHAND COUNTED g E g EQ .31._;! EE e E E §§ 8
BOATS o | E5 | 23 | §8 | 8§ |&Ed | 2 | &% | €
€ |3 §9 | E5 | E5 | & s |3
0 a 2 gy 2 8 3 3
= = 8 % 3% g T s
M1 Biftto Bag Mt &
ek P i
M6 | Tor )
M43 Py
MR8 Aochot Manral B
M-19/|Great Lakes Marina & Storage
9 M-20Harbour Town Marina
g M-21 {Hartshom Marina
£ [ M-22 | Lakeshore Yacht Harbour, Inc
% | M-25 | Terrace Point Marina
G | M-47{Anderson Marina
&| C-7 [North Pier Condo
£ ¥ [Miuskegon Yacht Club
8 | Y-12[Muskegon Conservation Club
A M-lS%BalcamCove
Totals of non-reponding marinas only
l Fishermans Landing 12 5
2 13 0
3 7 2
o 10 |
5 20 |
6 2 0
7 0 69
8 17 |
9 3 |
10
0 154 80
)
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1D CODE

e MISC HAND COUNTED
BOATS

Region ID

=
of IS
z

Total number
boats

Numbar Number YorN_| Number | Number | Number | "
E -a 3 = ] g [ i

2 | 85y | B H é s,
B B G g

EE 33 E ﬂi'ﬁ £2 )-8 § &

£ : B R

M-2 |[Grand Haven Munici 2
M-3 d Isle Marina 1
M-4 [[Grand Valley Marina II 1

8 | M-46|[Dicks Landing 0
E M-6 |Wharf Marina Inc. 0
g, M-33||Paradise Cove Marina Inc. 0
E M-35|{Village Cove Marina |
& | M-42|Barrett Boats Works 0
2 | Y-8 |ISpring Lake Yacht Club 50
C-9 |[Holidy Inn Marina 1
Rycenga Marina 0
River Boat 0
Totals of non-reponding marinas only 969 56
1 Petty's Bayou 49 4
2 Condo at Barrets 30 0
3 8 0
4 12 1
5 22 2
6 21 2
1 7 0
8 17 0
9 24 0
10 9 0
11 16 0
12 36 0
13 5 0
14 41 1
15 12 1
16 28 0
17 20 0
18 2 1
19 25 1
20 13 0
21 || Sum for Spring Lake alone 417 13
2
23
24
25
26 5 1
27 | Cntd from River Haven Marina 14 0
28 :
0 436 14
3 e
|45
4Annis Water Resources Institute MR-2003-111
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IDCODE_| Number | Number Number YorN | Number | Humber [ Number 0
5 5 [ 8 5 v 8
a & g s Tl 2 t H [
MISC HAND COUNTED | ¢ £ %E %;E igd | 8| z2| 3y ¢
= 20 54 W L | 93 9 0 °9 T
BOATS i £a E‘; Eslﬁ Eguli _Ea g8 a® 5
1 F | B0 9T f |8 |5 |8
r = £ 3 i o
Ji,
9 12
£ Eldeans Shipyard 280
& (M [Parkside Mering 0
2
2
€ ¥4 | Vacatawa Bay Yacht Club T
E
Totals of non-reponding marinas only 554
| 14
2 10
] 14 3
4 3 6
5 5 5
6 18 13
1 8 0
§ 10 0
9 15 3
10 58 4
1 21 4
12 36 7
13 12 |
14
15
0 260 | 65
4
5Annis Water Resources Institute MR-2003-111
Grand Valley State University 50f6
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_IDCODE_| Number | Number Number YorN | Number

- - 1 - ﬂ ' o~
u -

a : e 3 'Bi @ § H g
. 3 34 E v | €98 | To | ¥ 5 :
MISC HAND COUNTED < g4 E 1 S | E5c | O g Sy g
BOATS e |28 | 22 |E52 252 | 84| 2 | 3R | ¢
¥ 5 =4 | pouw | waw | T z a o
B § g uE wEe 3 9 g T
- i E g o i 2

Sergeant Marina

Y-7 {Singapare Yacht Club
C-9 ||Condo next to Sergeant Marina

Totals of non-reponding marines

only

wleolalon|tn| &b | —

—_—
=

f=

13

17 9 Charter 5 Commercial

6Annis Water Resources Institute MR-2003-111
Grand Valley State University 6 of 6
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DIESEL FUEL SURVEY - DISTRIBUTORS

Annis Water Resources Institute of Grand Valley State University

Please return to Annis Water Resources Institute in the enclosed Envelope barch 3, 2003

Form D-17

near contiguous areas.

The following survey questions epply to marine or dyed diesel fuel shipments to retailers and resellers of diesel fuel in the Western
Michigan Tri-Plex, a triangular area bounded by Saugatuck/Douglas on the South, Whitehall/Montague on the North, and Grand Rapids
on the East. This area includes: the Kalamazoo River, Lake Macatawa, the Grand River, Spring Lake, Muskegon Lake, White Lake and

1 How much marine diesel fuel have you shipped into

following areas ? 2000 2001 2002
. Please enter total
White Lakmontagu4 ‘ i | I ‘ Gallons per year
Please enter total
Muskegon Lak{ | | | r | Gallons per year
Grand Haven/Spring LadectTysburé ‘ | | [ | 2:;::‘;:’;:1
Please enter total
Lake Macatawa! | l ] I l Gallons per year
Please enter total
Saugaw.ckaougla_i l | | [ | G.n:;::u s
2 Does your marine diesel meet an ASTM or other standard ? f:_‘:;::;i‘h’
3 Do sell you CARB or low Sulfur diesel 7 Yes No  Circle one
4 Who do you buy your Marine Diesel from ?
5 Have you had any reportable spills of marine diesel fuel in the last two -
years ? (This response will be held in closest confidence) Y& Ne ~Cinsom
6 Whatwas the approximate size of the spills ? :::“ walsx e nunher af Oullens poe
7 Have you heard of diesel fuel made from Soy oil ? Yes No  Circle one
8 Are you aware of any pending legislation that would require the use of
diesel fuel made from soy oil as an additive to petroleum based diesel ~ Yes No  Circle one
fuel ?
9 Comments

Annis Water Resources Institute
Grand Valley State University 20f2

MR-2003-111
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DIESEL FUEL SURVEY - Commercial Operators

Annis Water Resources Institute of Grand Valley State University

Please return to Annis Water Resources Institute in the enclosed

Envelope by

January 10, 2003

How many diesel powered vessels are

operated by your business?

Do you have a diesel fuel storage tank and

P-1

Please enter a number

Grand Valley State University

20f2

0 Yes No Circle one
pump:
3 Do you sell diesel fuel from your facilities? ik No - Cllslesis
4 Ifyou do not have a diesel fuel storage tank
and pump, where do you buy diesel fuel?
5 How much total diesel fuel did your diesel S A B
powered vessels use in 2002 ? gallons used in 2002
6 Ifyou sell diesel fuel, how much did you sell Please enter total
in 2002? gallons sold in 2001
7 Who do you buy your diesel fuel from ?
8 Have you had any spills of diesel fuel in the .
last two years ? (reported or incidental spills) Aex Ne g F o
9 What estimated volume of diesel fuel is Plaine enter tha
spilled per year in your facility? (reported nmber of gallons per
and incidental spills) year
10 1
Have you lfleard of diesel fuel made from Soy W T
oil or biodiesel ?
11 Are you aware of any pending legislation that
would require the use of biodiesel as an Yes No  Circle one
additive to petroleum based diesel fuel ?
Annis Water Resources Institute MR-2003-111
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DIESEL FUEL SURVEY - MARINAS

Annis Water Resources Institute of Grand Valley State University

Please return to Annis Water Resources Institute in the enclosed Envelope byMay 2, 2003

1 How many boats were in slips/moored in your marina in 2002 ?

2 What percentage of the boats in your marina last season were sailboa
?

3 Did any power boats in your marina have inboard diesel engines ?

Form Y-11

Please Enter the number
of boats

Please Enter a percentage

Please enter a number

4 Do you sell diesel fuel in your marina ? Yes No Circle one
5 Ifyou do not sell diesel fuel, where is the closest fuel dock that carries
diesel fuel 2 (If you do not sell diesel fuel you may skip questions 6
thru 10 BUT PLEASE COMPLETE AND RETURN THE SURVEY
TO US)
: i . Please enter total gallons
6 How much diesel fuel did you sell in 2002 ? sold in 2002
s s : Please enter total gallons
7 How much diesel fuel did you sell in 2001 ? sold in 2001
" : 3 Please enter total gallons
8 How much diesel fuel did you sell in 2000 ? cold i 2000
9 What average price did you charge for diesel fuel in 2002 ? ;T?os; it
10 Who do you buy your diesel fuel from ?
11 Does your marina own/operate any diesel powered workboats ? Yes No  Circle one
12 Have you had any spills of diesel fuel in the last two years ? Yes No Circle one
13 What estimated volume of diesel fuel is spilled per year in your Please enter the nmber of
marina? (reported and incidental spills) gallons per year
14 Have you heard of diesel fuel made from Soy oil or biodiesel ? Yes No Circle one
15 Are you aware of any pending legislation that would require the use of
diesel fuel made from soy oil as an additive to petroleum based diesel ~ Yes No  Circle one
fuel ?
16 Would you host a biodiesel seminar for the boaters in your marina if et te BB cus
one were made available to you ? s
17 Would you permit Annis Water Resources Institute of Grand Valley
State University to distribute a questionnaire to the slip holders in your ol
marina and place a box in your office to collect responses during a Veasay a8 ans
portion of the 2003 season ?
Annis Water Resources Institute MR-2003-111

Grand Valley State University 20f2
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DIESEL FUEL SURVEY - BOATERS

Annis Water Resources Institute of Grand Valley State University

Plense place completed survey form in the collection box in the marina office by _ July 1, 2003
1 Isyour boat a sail boat? Yes No

2 Isyour boat powered by a diesel engine ? (If your answer to this

question is NO, you may skip questions 3 thru 16 -your response is Yes No
still valuable to GVSU')

3 Where do you normally buy your diesel fuel ?

Form M-56

Circle one

Circle one

Please enter a
marina/dealer name

4 How much diesel fuel do you use in a typical season ?

Please enter number
of gallons

5 What average price did you pay for diesel fuel in 2002 ?

Please enter dollars

per gallon
6 What average price did you pay for diesel fuel in 2001 ? 1;:?::1;;;" Soliaz
7 Does your marina own/operate any diesel powered workboats ? L Circle one
) Don't know
8 If there were there any spills of diesel fuel from your boat in the last
two years, how many ? (Not major EPA spills but those overflows or P::;f entera
mishaps at the fuel dock while fueling, etc.) e
9 How many times a season do you clean black discoloration from the Please enter a
transom of your boat ? |number
10 Do you have complalints or hl:-.alth issues related to the odor of the Ve N§® Cinitd one
exhaust from your diesel engine ?
11 Have you heard of diesel fuel made from Soy oil or biodiesel ? Yes No Circle one
Page 1
Annis Water Resources Institute MR-2003-111

Grand Valley State University 20f3
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12

13

14

15

16

17

18

DIESEL FUEL SURVEY - BOATERS

Annis Water Resources Institute of Grand Valley State University

Form M-56

Please place completed survey form in the collection box in the marina office by July 1, 2003

Biodiesel is a renewable fuel that can be made from domestically grown vegetable oils - Soy, Com,
Sunflower, Safflower, pumpkin, coconut, and many other oil seeds. Over 20 million gallons of biodiese]«
are produced annually within the United States. Biodiesel has been used in diesel engines in munerous
applications across the U.S for up to ten years. The use of biodiesel reduces air pollution, reduces our
Jdcpcndency on foreign oil, and creates jobs in agriculture and manufacturing in west Michigan and the
U.S. Biodiesel burns cleaner than petroleum diesel. It will not leave black exhaust deposits on surfaces
near the exhaust pipe and does not have an offensive odor. Many states are considering (Michigan being|
one), or have legislated, that all diesel fuel sold in the state contain biodiesel as an additive. However,
esearch has determined that diesel engines operate as well on 100 % biodiesel as when operated on
‘;ctrolcmn diesel and without increased maintenance costs. Currently, the distribution and manufacturing
system is not in place to make biodiesel price competitive with petroleum diesel.

If both biodiesel and petroleum diesel (petrodiesel) were available at

your normal fuel dock at the same cost which would you buy? Biodiesel Petrodiesel
Would you pay more for biodiesel than petroleum diesel if both were 4

available at your normal fuel dock ? Rbs TG Chic e

If your answer to question 13 was yes, how much more would you be

willing to pay for biodiesel over petroleum diesel if both were available I;:ﬁe enter a dollar
at your normal fuel dock ?

Would you go to another marina to buy biodiesel if it were 16 cents a Yes No Chélocts
gallon more and not available at your normal fuel dock ?

Would you go to another marina to buy biodiesel if it were 48 cents a Ve No | Ciotle i
gallon more and not available at your normal fuel dock ? .

Would you attend a free biodiesel seminar if one were made available

to you in your marina ? Yes No Circle one

Would you attend a free biodiesel seminar if it were held in another R e )
marina within 4 miles of your marina? es No Circie one

19 Comments

Annis Water Resources Institute

MR-2003-111

Grand Valley State University 30f3
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The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

The Marine Marker far Diodisss] Fesl o ths Wasi Prlldl-lr-rl Tri-Flex

COMMENTS FROM THE DISTRIEUTOHR STTRYEY

@lfe have nsed hiodissel ffom Say oil Sor ones vear. We v luad paod 4= Te s THE 1

from the Fensing Isdusery: Any infoomation op this repom woold be of greas
Emmpeariaat 0o our [mdustry.™ Al Ol Compeeny.

COMBMENTS FRONM THE MARITYA SITEVEY
[. *Thank you for tis agsporiunsty” Eflemeood Lamding Coodamanmonms,
COMMENT FRONM THE USER SURVEY

“Dlagor concem would be the effects of Béoadless! fius] on the njecior system &
resrdes from commbustion.” SaiTboot cremer on Loke Bl acalaswa.

2. ¥ tike the [des of hicdiesel. We nse o Hitle T dont ko hovw sigsficent &
comtrvhution we woalil maks o se environmsent, bal we Bmuss stert somep lace, [
wodald like o see §i becorrss available, I it e stahle oo existing fitel?™ Sailbeat
cramier om Loke Mocafewa

=1 ussd sovdiese]l § yeurs agn- writer for Sailmg Megaeme wrools abowd Sovio e
isgme ™ T H, siThoal cwmer on Lake Macrgrss

“] amn concenysd sheout the ‘Hfe' af the fuel, since [ only use aboul 10 ol iy

tank each vear — end, winet heppens o if when i@ gets old? Soilbond owmer an
lake Bscminwn

“The real s o me is = Will the fife of my SE003.00 diesel engine be harmmed,
extended oo mot effected by bio-diess1T When Tosreson marine master meechanics
say it better, then I'1l consider £ SaiThoal owmner on Lake Macatawa

(1 meould biy biodiesel ot Lhe same price af iy nocissl fuel deck § “Assuming tha

[ determined that it was sadfs for moy (Y arenar) emgioe™ Sailhoat owmner on Lake
Blacatawn

“TDiog't cwrently use diesel. We were presecd for your oulstanding Pressnmbion st
the Trand Rapdds Poswer Squadron mesting. Very [nmieresting."” Power boat
awner o Lake Macatws {The pressmiation referred to was made by Ball Stough
of e Summinehle Bessarch Group apd the Grend Bopids biodissel demonsiralion
p:'l:l:'_-n;t mansger Corky Overmyeer)

Aprii Watsr Fessrasrs lRuims 1 e L]
Groaad YaTleyw Sigie Ulniveresy
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The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

The Marine Xarkel (or Hiodssel Fucl in the Wes Michigas Tri-Fies.

COMMENT FROM THE USER SURVEY (Cont™dp

g 1 don®twant to seemn callous wills eny O responses, barl § hove & baat thet does
not use diesel] fusl. 1 des't have a big imerest n stteccling seminers conceming it.
i mm comcemed with enviscoumental gaslicy heswssswer, ol [ enccarigs you in your
sudy.™ Power bost ownaer an Lake MMacstmws

8, “"Berpuses we e so Hitle Boel snd disssl sl ienids to grow coganisms, we e
comoermed aborul whar will happen in cur taok wiih biodbesel. 'Wa do oot ase
isywhare near & full tank of diese] per year. What plant growth wilk biodies=d
EFOWw iR ooe year©s bBma'' Ssilbost ownsr an Lake Roocatawa

10, “We use hiodSese] oo our Tarm anid bave o probisms wich (8. Power boal owner
om Lake Macasiaws e pser of 3000 galloms ol diesel Fasl ermmiialiy 1n his boat

11, *Fue #LT this b sesseming blediese] is as good as perodiess] for engnns bfe el oy
eiTeiesyi from e operaticoal shmdpoinl™ Power boat owner oo Lakes MMacatawa
and wmser af 10,00~ gallons of diese] fieed per year (#132 mebecs o guesizson 12 on
the Llser Survey questsannaire relatng ta fuel preferenss i both petrodiese] and
bindiess] were avadlable &1 b sarme price and Incetian )

12, =T weald ke fo see biodisan]l beoame avallable™ Sailboe owner oo Lake
Macsiawa

L3, "L drive a dhesel autemobile — §f your sbady covers carsfirucis as well, call mee af
Gla-T85-rxxy — A B Power bosd owoer om Lake Meaimyn

Ld. =1 wonild consldes changing fromm gasoline to diessl power I |y engins peeded fo
b repleced. ['d probehly ssriously conslder b I the conversics cost was within
300} of the cost of o gasclice engine.” Power boat oemer on Laks Macaiawa

15, “Very impressive with what ["ve read sbhout Biodissel. Would k= more
information.™ Sailbast awner on Lake blacwimes

16 =12 & 16 are more ipvolved then YES ar MO depending on weather comditions
anid the condition of crew,. Prodeoce woalid enter squatics. 17 & 18 Howoald
depend wpon an the tine sclsedisle and my avallehiliny.” SaiThoat awoer oo Whise
Lake (15 & 16 and 17 & L¥ refer o questioes on the Bosters suswoy relsiog 1o
price secaltivity for the ponchase of biodiess] and semioar sstendance
respsoctively. |

17, [ have evalded dicssls becwase of the exhaust odor. T would sisongly reconsbies
based on e shave infio box.™ Power beal awner an ' Whils Lake (Refers to
kiodisse] informaticn included oo the Baricns furyesy questionnaine )

e A eier Benswsees [nemoies = QTR
Oraad Valley S Ulsiversiiy
Annis Water Resources Institute MR-2003-111
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The Marise Market Tor Bicdleasl Foel s dhe Y asi 'h'hll:lll"-n Tri-Fles.

1E.

%

COMMENT FRON THE LUSER SURYVEY (LCani d]

“kiy saifboat motor is a 4 cycle it amd wees oslicary gasaline like an
mutomobile. However, | am imerssied in your efforts fo redoce our need far

focwign ot and also ta cless op ooy atmosphere ™ T B saiThoat Owieer om
Biusicegon Lake

“Miy mext boat will probaebly be diesel powered. As n sallor 1 would be willing to
pay hall agein s mrich foe s Biodeesel = Sallboat owmnesr on bloskesgon Toaks

20 “Cur boat i & trewler and very fuel efficient. (- 4 mileafGal) We tank-up oooe

=1.

Z3.

4

23,

2.

T,

28,

=

0.

a yvear whether 7l oeeda i or ot Bicdes=! is destructive to fusl Enss‘scals, oo —
if these prablemss ax salved I'woald consider (see 12)." Power boat owner oo
Spring Lake {refers io question 12 on the boster's survey relating to buying of
hicslicss] = e sazne cost apd Jocation as peirodiesel.)

“Hipdinsel wowld e great bl being & sadlor we uee wery litihe ench season, Giood
o yosa YW ELIE EaiThoat owmner an the Grand River

=1 am & strosg supporter of biodiess] and will bay if convenlently lecated o my
mauts of treneel.” B AL poreet boal oemer Mew Buffaba BT (B A siores Bis bast in
wisier imthe Sacgsmck area )

[ 1hink bicdiess] s ooe of e avenmpes we shoald enplons & [ eoenmeesd wour
efforis ™ Saugatvek Power ol owner

“ramed a dicsel Foeled VW rabbit fior 30 years — Jowed the fuel ecomoeny. Prefer
gesoiine emgine an boal quister-'' Saugatock sailbhoat owmes

e have s small ek & [l with a8 § gal cas™ Saugatuck sallboat cemer

“Hisdinesl solved iy only chjeclics to omming & dicsel engine ™ Saagansch
suilbomt ommer

~Hiodbesel hes i nasty habat of destronyring hoses ms preseoily msds — gafety 8l
eca s 17" Saugsiuck powerboat owner

Yooy taling aboot BED oo Soybeass, whst sbowt hazelomis they prodice moos
ail per acre than say.” Ssapatuck power boas owrer

=Freat [dea hope you are sucossafol.” Ssagnisch sanilbanl owner

I weould ssppart leglalstics 1o require the cae of Biodiessl fuel ™ Saageick
power boal owoer

Anmy Weer Resoarcss lnetoans 3 RN
Ceeasdl Valey Siate Linivarsing

Annis Water Resources Institute MR-2003-111
Grand Valley State University

4 0of 6



The Feasibility of Fueling the Research Vessels W.G. Jackson and D.J Angus with Biodiesel

The Maripes Markess far Biadisial Fuesl ln the Wesl Michipan Trl-Fues.

COMMENT FROM THE USER SURYEY (Coot'd)

%71, “f would lowe o cleaner fusl t=at is msde in the TISA. Twoald sl Hkee iooioves
in the coonpany thet mafices ic™ BF. 615-813-xxuy Cirand Hawves power ‘bl
W IET
13, [ just Found voor survey an moy boat yesterday. [TIRMN] This 18 oo lare for
vorur timelices bet T wansed 1o respond evyway (o sugpoct your program inos snall
way.” SGrand Hawven power bost owmer
Anris Weier Possiirces Tramingss d E fretelial
Trasal Yaley S Uniressy
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