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EXECUTIVE SUMMARY 
In its 2002 session, the South Dakota legislature considered legislation mandating use of 2% (B2) 
biodiesel blend in all South Dakota Department of Transportation vehicles exempt from fuel taxes. 
This legislation failed, but was expected to resurface during later legislative sessions. Before SDDOT 
moved to adopt biodiesel blends, it set out to determine the impact that a biodiesel blend might have 
on its vehicle fleet.  

Biodiesel is made from a number of sources including vegetable oil, tallow, lard, and waste cooking 
oils (yellow grease). Each can be transesterified using an alcohol that has been mixed with a catalyst 
such as potassium hydroxide or sodium hydroxide. The most commonly used alcohol is methanol. 
Methanol reacts easily and is less expensive to use than other alcohols such as ethanol.  

Converting plant and animal oils into biodiesel results in a fuel that is very much like petroleum diesel 
fuel. This fuel is renewable, biodegrades quickly in comparison to petroleum diesel fuel, and forms a 
solution when mixed with petroleum diesel fuel. Biodiesel is naturally oxygenated and burns 
efficiently and cleanly in a modern diesel engine. 

The SDDOT furnished the fuels and fuel storage facilities at four locations in the state. A total of 
twenty vehicles were initially selected by SDDOT for this research. More specifically, four trucks 
were selected at Aberdeen, Sioux Falls, and Pierre while eight trucks were identified at Rapid City. At 
each city half of the trucks were fueled with a B5 blend and half were fueled with petroleum diesel 
fuel. Also, although not part of the state DOT fleet, four trucks at the Brown County Highway 
Department were included in the study, with two fueled on the B5 blend and two fueled with 
petroleum diesel fuel. At each test site, SDDOT collected engine oil analysis data as well as vehicle 
maintenance data and this data were forwarded to the researchers. The vehicles were operated by 
SDDOT and Brown County employees for the duration of the project. 

Fuel analyses were conducted to determine cetane, flash point, cloud point and cold filter plugging 
point as compared to petroleum diesel fuels. Blending procedures and the impact of cold weather 
operation were evaluated to determine if a low level blend of biodiesel could be used reliably during 
South Dakota winters. Although previous biodiesel research indicated that neat biodiesel caused 
problems with rubber elastomers, no elastomer problems were noted during the B5 test.  

The impact of a low level blend on engine performance was evaluated and the SDDOT B5 fleet noted 
small differences in fuel economy. The operators did not report reductions in power or torque when 
fueled with B5. Engine oil analyses suggested that engine component wear was essentially the same in 
vehicles fueled with B5 as compared to diesel engines that had been fueled on 100% petroleum diesel 
fuel.  

Economic analyses of biodiesel fuel use indicated that the substitution of the higher priced B100 
(when blending) had a very small impact on price, generally from 1 to 5 cents per gallon, depending 
upon the B100 price used and the blend percentage. Based on the fleet trial results, vehicle 
maintenance costs for B5 biodiesel blended fuel were similar to costs for vehicles fueled with 
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petroleum diesel fuel. Diesel engines, for the most part had higher maintenance costs for preventative 
maintenance, engine replacement, and fuel system repairs. Biodiesel (B5) engines, for the most part, 
had higher repair costs for lubrication and inspection, engine repairs, exhaust, and other repairs.  

FINDINGS AND CONCLUSIONS 
SURVEY OTHER STATE TRANSPORTATION DEPARTMENTS 

A total of 31 DOTs had used, or considered using, a biodiesel blend. Nineteen DOTs had used the fuel 
in pilot projects or conducted tests that compared the performance of a biodiesel blend with petroleum 
diesel fuel. A total of 15 states have tested B20, two states have tested B2, and one state has tested B5 
and B10. A total of eight DOTs experienced fuel filter plugging problems during warm weather 
operation. However, none of the agencies reported continuing problems with fuel filters. The 
renewable component of the blend was in most cases derived from soybean oil. Of the 48 states that 
responded, only Minnesota had a mandate that will require general use of a biodiesel blend by 
agencies and the public. Missouri, Kansas, and Washington reported limited state agency (DOT) 
mandates to use a blended fuel. The aggregated responses from the survey suggest that the biodiesel 
blend was a seamless replacement for petroleum diesel fuel.  

REVIEW SDDOT’S VEHICLE INVENTORY 

Over 1200 diesel engines are used in the SDDOT fleet. These engines are made by 35 different engine 
manufacturers (Cummins, Detroit Diesel, etc.). Further, SDDOT has vehicles that are manufactured by 
78 different companies (John Deere, Ford, etc.).  

Two findings surfaced in this review. The first issue is that Case New-Holland (CNH) is the 
manufacturer responsible for the largest share of the SDDOT diesel fleet. Because of the recent merger 
of Case and New Holland, CNH is responsible for approximately 50% of the engines in the SDDOT 
fleet. Caterpillar, Cummins, Ford, Detroit, and Deere each have less than 10% of the total fleet 
respectively. Second, and perhaps most important, is that over fifty percent of the SDDOT fleet is less 
than five years old. This is important because by 1996 most of the engine manufacturers changed the 
composition of their fuel system gaskets to prevent leaks that surfaced with the introduction of low 
sulfur diesel fuel (500 ppm). The composition of these gaskets are such that the newer engine fuel 
systems should not see any adverse affects from fueling with a biodiesel blend. 

CNH identified four issues that they felt must be addressed when fueling with a biodiesel blend1. As 
noted below, these issues pertained to biodiesel solvency, blending, material compatibility, and fuel 
quality. 

 Fuel Quality—In the US, the biodiesel fuel is unregulated and biodiesel fuel quality is 
sometimes lower than the specifications in the ASTM Standard. Fuel quality issues can have a 
significant impact on engine reliability and performance. In Europe, where more stringent 

                                                      
1 G. Stanek (personal communication, June 20, 2003) 
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standards for biodiesel fuel are in place, engines are warranted using higher blends of rape 
methyl ester (RME) biodiesel fuel. 

 Solvency—Biodiesel fuel acts as a solvent. When used in older vehicles, the biodiesel fuel can 
dissolve deposits left from previous fuels. When these particles enter the fuel system, filter 
plugging is the most common problem. 

 Blend—The higher the blend of biodiesel, the more problems should be expected. A B5 fuel 
would not be expected to cause any problems. When the blend is increased beyond B20, the 
effects associated with solvency and material compatibility can increase. 

 Material Compatibility—In newer engines (post 1996) material compatibility should not be a 
concern for B5 blends. In older engines, particularly with worn and cracked fuel lines, 
problems are more likely to occur. Materials of concern are fuel lines, diaphragms in fuel 
transfer pumps, and seals and o-rings in fuel pumps. 

Several engine manufacturers (Deere, Cummins, Detroit, and International as well as the Engine 
Manufacturers Association) have issued position statements concerning fueling with a biodiesel blend. 
These statements can be found in the Appendix B. 

TEST ENGINE COMPONENTS 

Although previous biodiesel research indicated that neat biodiesel caused problems with rubber 
elastomers, no elastomer problems were noted during the B5 test. The National Renewable Energy 
Laboratory (NREL) recently completed a set of tests of five common fuel system polymers using a 
B20 biodiesel blend, a comparison petroleum diesel fuel and a 15% ethanol-diesel fuel blend. Samples 
exposed to the reference diesel fuel and the B20 biodiesel blend generally behaved the same. The 
polymers were affected to a much greater degree by the 15% ethanol blend than by the biodiesel 
blend. NREL is in the process of completing a more extensive biodiesel elastomer project, which will 
include highly oxidized fuel samples, as well as engine fuel pump endurance tests with biodiesel 
blends. Information from this study is currently expected to be released to the general public and the 
SDDOT in the spring of 2005. Since many of the diesel fueled vehicles in service at SDDOT are late 
model vehicles/engines, this data should provide insight concerning material compatibility for these 
engines. 

EVALUATE OPERATIONAL PERFORMANCE 

Blending procedures used to mix biodiesel and petroleum diesel fuel were a concern identified by the 
SDDOT technical panel. An incident occurred during the research project that prevented one truck 
operator from refilling his fuel tank at the Brown County site in Aberdeen. The researchers believe 
that this may have been a result of improper blending of the biodiesel and diesel fuel. The biodiesel 
blend stock was kept at room temperature (~70°F) to facilitate blending. However, the ambient 
temperature was approximately 0°F at the time that biodiesel was blended with a new shipment of 
diesel fuel. It was not possible to confirm the sequence and duration of events used in blending that 
day and thus identify the exact cause of the problem. However, biodiesel fuel has a higher density than 
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petroleum diesel fuel, and warm biodiesel added to very cold diesel fuel could settle to the bottom of 
the tank. Without adequate agitation during the blending process this fuel would cool and solidify at 
the bottom of the tank. In this case the operator was unable to pump fuel from the B5 tank the day 
following the blending. No other incidents of cold flow problems were reported during the research 
project, and no truck was taken out of service due to cold weather operation as a result of fueling with 
a biodiesel blend. The B5 fuel that had caused filter blockage was recirculated in its tank and was 
eventually able to be pumped in a normal way. This incident, occurring with one of the only above-
ground storage tanks involved in the study, emphasizes the need for a thorough understanding of the 
impact of blending fuels under adverse conditions, and for the strict adherence to appropriate 
procedures established for blending as published by the National Renewable Energy Laboratory 
(NREL/TP-540-36182; November 2004). 

It is important to note that while two of the Brown County trucks could not draw fuel from the fuel 
supply tank (on that cold day) that the trucks had been filled the night before and completed their work 
for that day while using the B5 blend (the fuel that was left in their tank from the day before). Further, 
the testing spanned two winters and no truck was taken out of service due to cold weather operation 
(13 trucks were fueled with a B5 blend) as a result of fueling with a biodiesel blend (B5). 

The impact of a low level biodiesel blend on engine performance was evaluated and the SDDOT fleet 
noted very small reductions in fuel economy (B5=4.7 mpg and Diesel Fuel= 4.9 mpg). This was 
expected, as the energy value [British Thermal Unit (BTU)] of a B5 blend is slightly lower than 100% 
petroleum diesel fuel. The operators did not report reductions in power or torque when fueled with B5. 
Engine oil analysis suggested that engine component wear was essentially the same in vehicles fueled 
with B5 as compared to diesel fueled engines.  

CONDUCT PHYSICAL AND CHEMICAL TESTS 

The diesel fuel met or exceeded the specifications established by ASTM D975. The biodiesel (B100) 
met or exceeded all specifications established by ASTM D6751 except flashpoint. The flashpoint for 
the B100 sample was slightly lower than the standard in D6751 (114°C and 118° C vs. 130°C). The 
researchers then examined ASTM D6751 in more detail. The flashpoint for biodiesel is intended to be 
100°C minimum. However, the specification for flashpoint in D6751 is set 30°C higher than this 
specification. This document explains why flashpoint was set higher when the ASTM committee 
developed D6751. This was because the committee members realized that meeting this criterion was a 
cost effective way to determine excess amounts of unreacted alcohol that remained in the finished 
biodiesel. The researchers also noted that since the biodiesel would be mixed with diesel fuel 
(flashpoint minimum for ASTM D975 ranges from 38°C to 52°C), that the flashpoint of the B5 blend 
would still be significantly higher than the flashpoint specification established for either number one 
or number two diesel fuel in ASTM D975. 

Stability of diesel fuel is important as oxidative breakdown or biological conversion of the fuel can 
leave residues that can plug filters and adhere to injector pump parts reducing pump life. Stability is of 
particular concern in biodiesel as its compounds are considered to be more susceptible to oxidation 
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than petroleum products. Fuel can be tested for changes in filterable residues over time as a measure of 
the stability of the fuel. 

Two types of stability tests were conducted on samples of the B5 blended fuel. A test of total 
insolubles filtration (ASTM D2276) was conducted on B5 that had been aged in the fuel tanks of two 
infrequently used trucks (Figure 9). An identical test was conducted on a sample of B5 that had been 
stored undisturbed in a barrel for the duration of the research project A sample of B5 was also 
subjected to an accelerated oxidative stability test (ASTM D2274) at the outset of the project. The 
accelerated test provided a total insolubles level of 3.2 mg/1000ml (Figure 9). Storage of the fuel in 
the truck fuel tanks for periods of approximately 6 months and one year respectively caused total 
insolubles in both samples to rise from a level of 2 to a level of 3 mg/1000 ml. The sample of fuel 
stored in a barrel for the duration of the project produced a total insolubles filtration result of 4 
mg/1000ml. The results are in agreement with the accelerated test and are well below the 10 ppm level 
threshold that some major municipalities (New York) have set as a maximum allowable level for 
delivered diesel fuel. The researchers contacted the fuel suppliers to determine if any anti-oxidants or 
other fuel additives had been added to either the biodiesel or the diesel fuel. The biodiesel suppliers 
reported that only pour point depressants had been added to the biodiesel. The importance of these 
findings is significant. First, this means that the fuel which was delivered for use with the project was 
a fuel that met the standards as established by ASTM D975 and ASTM D6751. Second, and more 
importantly, this finding suggests that if the fuel tank of a vehicle were topped off with B5 and 
subsequently not used for several months, that the B5 fuel should not age prematurely.  

EVALUATE VEHICLE MAINTENANCE HISTORIES  

Engines fueled with diesel fuel had higher maintenance and repair costs than did the B5 fueled 
engines. Several comparisons were made with the data from the engine oil analysis samples to see if 
differences in engine wear might be apparent. All engine oil analyses data were found to be within 
normal levels for both the B5 and the diesel fueled engines. In short, these comparisons showed no 
differences between the levels of wear metals found in the used engine oil analysis samples regardless 
of the fuel used. 

The trucks were in a good state of repair at the beginning of the test, and only a limited number of 
parts were replaced on the diesel “fueled” engines and the B5 fueled engines. The researchers felt that 
the parts that were replaced were items that would have been replaced regardless of the fuel used to 
fuel the engine. For example, the copper tubes surrounding the injectors in the heads cracked on an 
engine that was fueled with diesel fuel. One B5 fueled engine underwent a major overhaul. In this case 
a valve keeper came loose and allowed the valve to contact the piston with the result that the valve was 
imbedded into the top of the piston, destroying the piston and damaging nearby pistons. One of the 
diesel fueled engines experienced a main bearing failure. The engine for this truck was replaced with a 
factory rebuild and put back into service. In each case the repairs that resulted were not attributed to 
the fuel (diesel versus B5) that was used to fuel the engine.  
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ASSESS COSTS, BENEFITS, AND ECONOMIC IMPACT 

Diesel “fueled” engines had a higher mortality rate, resulting in higher engine repairs for these engines 
and ultimately the total replacement of one diesel “fueled” engine. The failure mode of the engine, as 
reported by the technicians, was not a result of fuel used, but normal engine mortality. As such, these 
expenses were removed from the calculations, reducing the difference in maintenance costs per-mile 
for the diesel “fueled” and B5 fueled engines to five cents. Maintenance costs for B5 biodiesel blended 
fuel were similar to petroleum diesel fuel. Diesel engines, for the most part had higher maintenance 
costs for preventative maintenance, engine replacement, and fuel system repairs. B5 engines, for the 
most part, had higher repair costs for lubrication and inspection, engine repairs, exhaust, and other 
repairs. 

Economic analyses of biodiesel fueling indicated that the substitution of the higher priced B100 (when 
blending) had a very small impact on price, generally from 1 to 5 cents per gallon ($0.02/gallon). This 
price varied depending on the B100 price used and the blend used to fuel the engine. Also, the cost 
differential for implementation of a B5 blend will be much less as the cost of petroleum diesel fuel 
approaches $2.00 per gallon. This is due to the fact that as petroleum costs increase the cost of 
petroleum moves closer to the market cost of biodiesel. Currently 100% biodiesel sells for ~$2.30 / 
gallon.  

PREPARE GUIDELINES AND SPECIFICATIONS 

A survey of fuel storage tanks at SDDOT was conducted to determine how SDDOT stores fuel across 
the state. The survey indicated that over 98 percent of SDDOT’s fuel is stored underground. This type 
of fuel storage reduces the likelihood that fuel would gel even in extremely cold weather and provides 
a relatively constant temperature for the fuel, improving fuel stability. Finally, if the biodiesel could 
not be blended prior to delivery, the higher temperature below ground during cold weather would 
facilitate homogenous blending of the biodiesel with the petroleum diesel fuel. This is due to the fact 
that underground fuel tanks are typically set below the frost line, thus resulting in a more uniform 
daily fuel temperature in the storage tank. 

Much of the knowledge developed as a result of this task is found in the Implementation 
Recommendations section of this report. These recommendations were developed based on the 
findings of the investigation, the aforementioned fuel storage investigation, as well as the researchers’ 
review of literature.  

IMPLEMENTATION RECOMMENDATIONS 
The researchers outlined the following implementation plan for SDDOT. The importance of 
purchasing biodiesel that meets or exceeds the specifications set forth by the ASTM D6751 cannot be 
over emphasized. In addition, regular fuel tank maintenance and fuel filter maintenance procedures 
recommended by the original equipment manufacturer must be adhered to by the truck drivers and 
truck maintenance personnel.  
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The biodiesel that is purchased for blending must meet or exceed the standards set forth in ASTM 
D6751. This is a requirement that all engine manufacturers expect vehicle operators to do when 
buying fuel for the engine. 

The biodiesel must be readily available. A contract will need to be drawn up with the local fuel 
distributors with an option to provide petroleum diesel fuel in the event that the fuel distributor is 
unable to deliver a biodiesel blend as required. 

In the event that fuel is NOT available, the SDDOT should have the option of using standard diesel 
fuel. Since low level blends, (such as B5), are interchangeable with standard diesel fuel, changing 
fuels can be done as necessary to accommodate market issues or availability. 

 Cleaning of fuel storage tanks prior to a change to a blended fuel is not required. It is not 
common practice among fuel distributors to clean tanks unless the tank is to be used for 
gasoline rather than diesel fuel. The cost to clean each tank and dispose of the fuel from the 
bottom of the tank as hazardous waste is substantial. Further, since few of the tanks have 
manhole access, it is virtually impossible to remove all of the debris that has settled to the 
bottom of the tank. If SDDOT feels a need to clean these tanks it should be a result of a 
regular tank cleaning system/program and not because they have decided to change to a 
biodiesel blend. 

 Storage tank fuel filters should have a water trap incorporated into the filter. This type of 
filter is readily available, and should already be in place at each fueling station. 

 The distributor should deliver pre-blended fuel. (Cenex has already adopted this policy for 
their customers.) 

 Inform all vendors who bid on the biodiesel blend contract regarding expected 
procedures for blending biodiesel with the petroleum diesel fuel. (Note the Biodiesel 
Handling and Guidelines available from the National Renewable Energy Laboratory, 
NREL/TP-540-36182; November 2004) 

 Follow your existing plan for number one vs. number two usage patterns. (October 
through April is when number one fuel is used) 
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PROBLEM DESCRIPTION 
Biodiesel is a renewable fuel that is being actively considered by many agencies. The fuel is made 
from vegetable oil or animal fat that has been transesterified. Biodiesel can be used directly or blended 
with petroleum diesel to fuel a compression ignition engine. Biodiesel is renewable and is considered 
an alternative fuel in the United States. Biodiesel is produced by reacting vegetable oil or animal fat 
with alcohol in the presence of a catalyst such as potassium hydroxide or sodium hydroxide. The 
excess alcohol and catalyst are removed through water washing, leaving the end product methyl ester 
(if reacted with methanol) or ethyl ester (if reacted with ethanol) and the by-product glycerin. 

B100, which is 100% biodiesel, is an excellent solvent. Diesel fuel with as little as 5% ethyl or methyl 
ester, known as B5, could increase the maintenance costs of the fuel system due to the solvent action 
cleansing the vehicle fuel tank and lines during initial use. It was also known that biodiesel blends 
above B20 have degraded certain elastomers in fuel systems. The SDDOT vehicle fleet included many 
different types and ages of diesel engines/fuel systems. Little information was available on older diesel 
engines/fuel systems using any blend of biodiesel. The potential for degradation of elastomers in the 
fuel system, engine seals and/or gaskets may be greater for older engines (1996 or later).  

Concerns were raised regarding engine and fuel system warranties. Storage issues, vehicle 
performance during cold weather, and the potential for sludge formation were also legitimate concerns 
for the SDDOT. Blending procedures and their potential impacts on fleets operating in cold weather 
were important considerations in this region. Biodiesel has pour point temperatures and cloud point 
temperatures that are considerably higher than corresponding values for petroleum diesel fuel. Cold 
flow issues have been reported by other agencies and were appropriate for study here. Anytime fuel is 
stored in storage tanks, above or below ground, the potential for water accumulation from 
condensation and sludge formation exists. An unknown with biodiesel was whether the formation of 
sludge will increase, decrease, or remain about the same as regular diesel fuel.  

Finally, the Department needed to determine the financial impact of using B5 in its vehicle fleet. Some 
of the other potential costs associated with using B5 in SDDOT vehicle fleet were equipment 
conversion, engine deterioration, fuel consumption, and an additional fuel storage tank at each fueling 
center. On the other hand, there could be economic benefits for SDDOT. For example: reduced fuel 
system wear due to biodiesel's superior lubricity as compared to the poor lubricity of low-sulfur and 
future mandated ultra-low sulfur diesel fuels. 
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OBJECTIVES / METHODS 
The South Dakota Department of Transportation defined three objectives for this study: 

1. Assess the compatibility of B5 fuel with SDDOT’s vehicle fleet and storage facilities.  

2. Determine the conversion and ongoing cost for SDDOT to use B5 in its vehicle fleet.  

3. Estimate the overall economic impact to the Department if SDDOT were to use B5 in its 
vehicle fleet. 

Researchers at the University of Missouri and South Dakota State University met with SDDOT 
maintenance personal and truck drivers to explain how the trucks would be fueled and how the data 
would be collected for the study. A total of four locations were originally selected for the study: 
Aberdeen, Rapid City, Pierre, and Sioux Falls. Originally the trucks were to be operated on a B5 blend 
for one year, however, the winter was exceptionally mild. The researchers and the SDDOT technical 
panel recommended extending the length of the project so that data would be collected during two 
South Dakota winters.  

The University of Missouri collected journal articles related to biodiesel fueling from 1991 – 2005. 
The researchers took advantage of this database of journal articles and also reviewed journal articles 
that were available via the internet to gain insight for the study. The websites at Iowa State University, 
the University of Idaho, the University of Georgia, and the National Biodiesel Board were also 
reviewed. The end result was the first interim report which was a comprehensive review of biodiesel 
related literature. 

The researchers gathered information from DOTs concerning biodiesel fueling across the United 
States using an email questionnaire. The response rate was excellent, with 48 of the 50 states 
responding. This effort helped address both agency as well as statewide efforts to utilize biodiesel by 
DOTs. The data were compiled by the researchers, reported at ASAE conferences that were held in 
Ottawa, Canada and St. Joseph, Missouri. The data were also reported at a biodiesel educational forum 
for DOTs held in Boise, Idaho. 

Data were queried using SDDOT computers to determine the make and model of the diesel engines 
and diesel powered vehicles owned and operated by SDDOT. These data were reviewed by the 
researchers to determine the composition of gaskets and other engine systems that might be impacted 
by using a biodiesel blend. Grouping of the data by manufacturer and by date of manufacturer revealed 
that over 50% of the SDDOT fleet were manufactured by CNH and that over 50% of the fleet was less 
than five years old. Discussions with the engine manufacturers also revealed that several engine 
manufacturers have published a position statement concerning the use of biodiesel and biodiesel 
blends in the engines that they sell. 

The researchers contacted both private and United States government labs about biodiesel. For 
example the researchers learned that NREL, the National Renewable Energy Laboratory in Golden, 
Colorado had hired Southwest Research Institute (SwRI) in San Antonio, Texas to perform biodiesel 
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material compatibility tests. Due to the scope of an on-going SwRI material compatibility project, and 
the fact that the researchers were to conduct a material compatibility test that would essentially 
duplicate nearly all of the data already gathered by SwRI, the SDDOT technical panel elected to wait 
for the results from this research. The SDDOT material compatibility testing was cancelled and the 
funding for this effort was redirected by the technical panel to evaluate the cold flow properties of the 
biodiesel blend. 

A concern was raised early in the study about the changes that have been made to the fuel filters used 
on diesel engines. The standard size opening at one time was 45 micron so ASTM test procedures 
typically used a 45 micron mesh to determine the temperature when a fuel would plug a fuel filter. 
Fuel filters openings have now been reduced to as small as 2-10 microns. As such, the SDDOT asked 
that the researchers determine if adding the biodiesel to the diesel might increase the chances of fuel 
filter plugging (the biodiesel cold filter plugging point is higher than either number one or number two 
diesel fuel). Researchers at the University of Missouri designed and tested a device that dropped the 
temperature of the biodiesel. Fuel filters purchased from CAT were fitted and tested with this device.  

SDDOT coordinated the operation, fueling, and maintenance of the trucks.  
SDDOT personnel ordered the diesel fuel and the biodiesel and blended the biodiesel with the diesel 
fuel using splash blending techniques. Some of the B5 fuel was blended by the distributor prior to 
delivery. Fuel samples were gathered by SDDOT and sent to ANA Labs in Maryland for chemical 
analysis.  

One of the truck drivers was unable to refuel with a B5 blend when the ambient temperature dropped 
to 0 degrees F. The researchers subsequently devoted resources from the project to analyze the cold 
flow properties of the blend. They also contacted cold flow additive vendors, blended the cold flow 
additive with the B5, and repeated the experiment. All the cold flow testing as well as the fuel analysis 
were conducted using testing procedures established by the ASTM (American Standard Testing 
Materials International). 

SDDOT was concerned about fuel stability over time. The researchers monitored this by filling the 
fuel tank of two trucks that were used very little throughout the year. These trucks were essentially not 
refueled for nearly twelve months. Fuel samples were drawn from these fuel tanks over time and 
analyzed to determine if the quality of the fuel was degrading using standard ASTM test procedures. 

The truck operators did not report differences in power although the B5 blend would have been lower 
in energy as compared to the number two diesel fuel. Fuel economy was monitored using data 
reported by the truck operators. For the most part, the use of a B5 blend slightly reduced the fuel 
economy of the trucks. 

The parts that were needed to maintain the trucks were tracked using the SDDOT vehicle maintenance 
data collection system. The researchers reviewed the parts that were replaced to determine if any of the 
failed parts were related to the fueling system of the truck. The researchers felt that the parts that were 
replaced were items that would have been replaced regardless of the fuel used to fuel the engine.  
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Some of the engines failed during the test, but the researchers determined that the engine failures were 
not a result of the fuel that was used to fuel the engine. As such, these expenses were removed from 
the calculations, reducing the difference in maintenance costs for the engines. Data were then 
examined to determine if the B5 fueled engines had higher or lower operating expenses. 

Economic analysis was conducted on the use of the fuel using several pricing scenarios. The 
researchers noted that the use of B5 increased the cost of the fuel by just $0.02 per gallon, depending 
on the price of the diesel fuel and the price of the biodiesel. 

The researchers conducted a survey of SDDOT’s fuel storage facilities to determine how fuel was 
stored at each location, when the fuel tanks were last cleaned, and the volume of fuel that can be stored 
at each facility. With the exception of one location, all SDDOT facilities used underground storage 
tanks. 

After all the aforementioned tasked were completed, the researchers then developed a set of guidelines 
that should be followed when adopting a biodiesel fueling program. 
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TASK DESCRIPTION 

TASK 1. MEET WITH TECHNICAL PANEL 
Meet with the project’s technical panel to review project scope, work plan, and draft survey of state 
transportation departments. 

Leon G. Schumacher, Daniel S. Humburg, Ajit K. Mahapatra, Gary L. Taylor and Tonya J. Hansen 
met in November of 2002 with the project’s technical panel and reviewed project scope and work plan.  

TASK 2. REVIEW LITERATURE 
Review literature on previous and on-going biodiesel research and potential problems that can occur 
with components in fuel systems. 

Ajit K. Mahapatra traveled to University of Missouri, Columbia for two weeks (11/15/02 to 11/29/02) 
and prepared a review of biodiesel literature for SDDOT. During his stay in Columbia, he identified 
several papers in the extensive University of Missouri (MU) biodiesel archive that had been written by 
biodiesel researchers and examined each paper for relevancy. He reviewed the papers and copies of 
various biodiesel conference proceedings on file at MU, and summarized the findings for each paper. 
He also used search engines such as YAHOO and GOOGLE to identify additional information that 
related to the objectives of the investigation.  

Tonya Hansen and Gary L. Taylor reviewed economics-related biodiesel literature at SDSU 
immediately following the approval of the project. Articles that were reviewed were specifically 
related to: biodiesel fuel use, biodiesel fleet methodology and results, biodiesel economic impact 
methodology, biodiesel economic impact results, and biodiesel policy research findings. Engineering-
related biodiesel literature encountered was shared with engineers on the research team. A 
comprehensive set of biodiesel references was established relative to existing literature.  

A report essentially consisting of this review of literature was submitted to SDDOT in December 
2002. This review presented preliminary findings, recommendations and conclusions. This report was 
revised per SDDOT technical review. A copy of this report is published separately and can be 
obtained from SDDOT. 

TASK 3. SURVEY OTHER STATE TRANSPORTATION DEPARTMENTS 
Survey other state transportation departments that have used or are using biodiesel in their fleets to 
identify benefits, problems, and overall experience with biodiesel. 

Humburg, Mahapatra, Adams and Schumacher drafted a survey questionnaire for use in determining 
experience of other departments of transportation (Appendix A). The survey was reviewed by the 
technical panel prior to distribution via email. A list of E-mail addresses for state DOT’s was 
assembled for distribution of the survey. Adams developed a locked word document for this 
questionnaire so that DOT’s would have an option of returning a paper copy of the questionnaire or an 
electronic version of the questionnaire by email. 
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Responses were obtained from 48 states. Thirty-one of those states had actively considered, used, or 
tested a biodiesel blended fuel for their fleets. A total of 15 states have tested B20, two states have 
tested B2, and one state has tested B5 and B10. State policy has been one of the driving forces behind 
initial adoption of this alternative fuel. Nine departments of transportation reported being mandated to 
study, test, or use a biodiesel blend. Five of those states had in place a policy or mandate to require 
current or future use of a biodiesel blend by their DOT agency. Minnesota was the lone state with a 
mandate scheduled to require comprehensive use of a biodiesel blend statewide.  

Results of the survey are summarized here. An ASAE paper giving the results of the survey can be 
obtained through ASAE, paper number 046072, St. Joseph, MI 49085. 

A high level of interest in this alternative fuel exists among DOTs. Nineteen states (39.6% of those 
responding) reported program experience with the use or testing of biodiesel blended fuel in their 
operations. Over half of these states reported no state mandate driving their use or testing of the fuel. 
For the fourteen states that have considered or tested the fuel, but elected not to utilize it, the most 
common deterrents to adoption were additional cost of the blended fuel and cold weather behavior of 
the fuel. The weighted average price differential for those DOTs reporting volumes and prices was $ 
0.0923/gallon above the price of petroleum diesel fuel. A total of 8,925,172 gallons of blended fuel 
had been used to fuel DOT fleets. 

Soy Methyl Ester (SME) was the dominant feedstock used as the biodiesel component. SME was 
reported by all but one of the states with experience using or testing biodiesel blended fuel. A 20% 
biodiesel composition was the most common blend level, with 78% of the responses reporting this 
level for tests or use. Blend levels of 2%, 5%, and 10% were also reported. Among five states with 
agency policies or state mandated use, a blend level of 2% was reported in three. The other two states 
with a use policy or mandate were utilizing 20% biodiesel specifically to meet Epact mandates for 
alternative fuel vehicle use. 

The blending procedures that were reported for biodiesel were not uniform or standardized. Five states 
with biodiesel experience indicated the fuel was splash mixed (blended) with biodiesel added atop the 
petroleum component. Splash blending with petroleum added above biodiesel was reported by two 
states. Storage tank blending at the agency was reported by four states, and terminal blending with 
pipeline delivery was reported by two. Similarly, the composition of the petroleum component varied 
by state and season. Nine of the states using or testing biodiesel blends utilized number two diesel fuel 
throughout the year. The remaining states used #1 fuel, or a blend of #1 and #2 diesel fuel for the 
petroleum component during specified months of the year. North Dakota reported discontinuing use of 
the biodiesel blend during the winter months. Otherwise, responding agencies did not generally 
indicate that changes were made to specifically accommodate the biodiesel blended fuel for cold 
weather operation. 

Plugging of filters may be expected during the introduction of a biodiesel blended fuel. Eight of the 
seventeen states that responded to this question reported fuel filter plugging problems. However, all of 
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them reported that the problems were resolved after the filters were replaced. Responses did not 
suggest that any one type of filter was more prone to plugging than others. 

Cold weather behavior of biodiesel blended fuel was not found to be a widespread problem. Iowa and 
Ohio reported that filter plugging problems had occurred but only during cold weather. South Dakota 
did not experience fuel filter plugging problems. However, during the winter of 2003 two Brown 
County trucks at Aberdeen were not able to be fueled from the above ground B5 fuel tank. No other 
problems were reported that were attributed exclusively to cold weather operation. 

The experience of state Departments of Transportation with biodiesel blends indicated that this 
alternative fuel is gaining acceptance as a viable part of the fuel supply for state agencies. In most 
respects, the blended fuel was a seamless replacement for 100% petroleum diesel. The responses to 
this survey indicated that the strongest deterrent to more widespread adoption of the fuel was the cost 
differential that existed between petroleum diesel fuel and biodiesel blends. In addition, the 
combination of non-uniform blending procedures and unanswered questions related to blending and 
storing biodiesel blended fuel under very cold temperatures has delayed widespread adoption of the 
fuel. Additional research on these issues could assist DOTs and other organizations currently 
contemplating the use of a diesel fuel with a biodiesel component. 

TASK 4. REVIEW SDDOT’S VEHICLE INVENTORY 
Review SDDOT’s inventory of diesel vehicles and equipment to identify the potential nature and extent 
of compatibility problems with biodiesel. 

A list of vehicles in inventory was provided by the SDDOT. This list was reviewed to identify the 
range of engines and fuel systems that could possibly be affected by a B5 blend. Manufacturers of fuel 
systems were contacted to identify polymer materials used in these engines and fuel systems. Paul 
Oien provided additional information when data were missing from the SDDOT equipment database. 
In short, SDDOT has a very diverse inventory with over 1200 diesel engines. There are 78 different 
vehicle manufacturers and 75 different engine manufacturers. 

Case New Holland (CNH) has been assessing the compatibility of the Case and CaseIH products with 
biodiesel fuels. They do not foresee any major problems with material compatibility using B5 in 
products produced after 1996. In Europe, they allow higher blends using Rape Methyl Ester (RME) 
biodiesel fuel. As the biodiesel blend level increases, the likelihood of problems occurring with the 
engine also increases. 

The concerns expressed by CNH in regard to the use of biodiesel fuel are as follows2: 

1) Fuel Quality—In the US, the biodiesel fuel is unregulated and the biodiesel fuel quality tends 
to be lower than the ASTM Standard specifies based on the problems they have seen using 
biodiesel. These fuel quality issues can have a significant impact on engine reliability and 

                                                      
2 G. Stanek (personal communication, June 20, 2003) 
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performance. In Europe, where more stringent standards for biodiesel fuel are in place, 
engines are warranted using higher blends of RME biodiesel fuel. 

Table 1: SDDOT Diesel Engine Fleet Sorted by Manufacturer 
Manufacturer Number Percent of fleet 

International 320 25.6 
Case New Holland (CNH) 270 21.7 

Ford 147 12.3 
Sterling 79 6.2 

Osh Kosh 48 3.8 
John Deere 41 3.2 

Ingersol Rand 27 2.1 
Gallion 25 1.9 

Komatsu 18 1.4 
Other  21.8 

Note: Other manufacturers included BobCat, Massey Ferguson, Hyundai, Mack, Volvo, etc. 

 

Table 2: SDDOT Diesel Engine Fleet Sorted by Engine Manufacturer 
Engine Make Number Percent 

International 297 23.2 
Cummins 243 19.0 

Case 197 15.4 
Cat 148 11.6 

John Deere 106 8.2 
Ford 78 6.1 

Detroit 50 3.9 
Perkins 39 3.0 
Isuzu 25 2.0 
Deutz 24 1.9 
Other  5.7 

Note: Other engine manufacturers include Allis Chalmers, Fiat, Komatsu, Kubota, Lombardini, etc. 
 

Table 3: SDDOT Diesel Engine Fleet Sorted by Year of Manufacture 
Year (range) Number Percent

1991—1995 347 27.1 
1996- 2000 302 23.6 
1986—1990 251 19.6 

2000+ 164 12.8 
1971—1980 85 6.6 
1981—1985 76 5.9 
1961—1970 52 4.1 

Older than 1960 1  
 

2) Solvency—Biodiesel (B100) fuel acts as a solvent. When used in older vehicles, the biodiesel 
fuel can dissolve deposits from previous fuels. When these particles enter the fuel system, 
filter plugging is the most common problem. 

3) Blend—The higher the blend of biodiesel, the more problems should be expected. A B5 fuel 
would likely not cause any problems. When the blend is increased beyond B20, the issues 
associated with the solvency and material compatibility can increase rapidly. 
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4) Material Compatibility—In newer engines (post 1996) material compatibility should not be an 
issue for B5 blends. In older engines, particularly with worn and cracked fuel lines, problems 
are more likely to occur. Materials of concern are fuel lines, diaphragms in fuel transfer 
pumps, and seals and o-rings in fuel pumps. 

In regards to recommending specific materials to test for Task 5, engine and fuel system 
manufacturers can identify groups of materials that vendors were asked to use for various fuel system 
components. However, most cannot identify the particular material used in a specific component on a 
specific vehicle. CNH reported that elastomer materials used after 1996 should be compatible with 
biodiesel due to the marketing demands in Europe. 

Several engine manufacturers including the Engine Manufacturers Association (EMA) in the United 
States have developed position statements for biodiesel use. Copies of statements were secured from 
the John Deere, Cummins, Detroit Diesel, and International. These statements can be found in full in 
Appendix B. In general, most engine manufacturers are willing to warranty engines that have been 
fueled with a B5 (or lower) blend of biodiesel and petroleum diesel fuel. 

TASK 5. TEST ENGINE COMPONENTS 
Conduct swell and other appropriate tests on engine and fuel system components that may be 
potentially be impacted by the use of specific biodiesel concentrations (B2, B5 and B20). 

Dr. Humburg contacted Robert McCormick at the National Renewable Energy Laboratory (NREL) 
and learned that NREL had recently completed a material compatibility study at the Southwest 
Research Institute (SwRI), much like what the SDDOT had envisioned. This study included a set of 
tests of five common fuel system polymers using a B20 biodiesel blend, a comparison petroleum 
diesel fuel and a 15% ethanol-diesel fuel blend. Polymer samples were tested for swell and breaking 
strength. Samples exposed to the reference diesel fuel and the B20 biodiesel blend generally behaved 
the same. The polymers were affected to a much greater degree by the 15% ethanol blend than by the 
biodiesel blend. The complete report for this study is found in Appendix C. McCormick also reported 
that NREL was administering a much more detailed biodiesel material compatibility study and that 
this project would end late 2004. The elastomers that NREL were examining as a part of this project 
were: Medium Swell/Hydrogenated Nitrile (28-29% Acrylonitrile) Cummins P/N 145544, Low 
Swell/Hydrogenated Nitrile (33-34% Acrylonitrile) Cummins P/N 70415, Viton B, Fluorel, cured with 
bisphenol and phosphonium salt catalyst Cummins P/N 193736 (Parker VW153), Another Viton, 
Parker V1164, and another high nitrile elastomer commonly used in diesel fuel systems. Both soybean 
and canola biodiesel are being tested in this study at 5% and 20% blend levels. An oxidative stability 
agent will be used to ensure that the biodiesel blendstock is within specifications. Some biodiesel will 
be artificially oxidized and then used as a comparison fuel for this research. 

While not a part of the SDDOT task, it is also notable that the NREL study is to include injector pump 
endurance tests using both high quality and highly oxidized biodiesel blended fuel. The most recent 
contact with NREL suggests that results from the study may be released in the spring of 2005. SDDOT 
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should review these findings as soon as they are released as they should be of immediate interest to the 
biodiesel user community. The study was sponsored by the Coordinating Research Council and the 
results, when released, will be posted at the following website: http://www.crcao.com/. 

Alternate Cold Flow Study 
A potential problem with cold flow behavior was identified early in the study and is described below. 
Since the initially proposed polymer tests would be a duplication of the larger NREL studies, the 
research team proposed that a cold weather effects study be conducted in its place using current fuel 
filters found on new diesel engines. 

The cold filter plugging point (CFPP) is measured according to ASTM D6731 and is commonly used 
to assess the cold flow properties of biodiesel and diesel fuels. However, this standard uses a 45 
micron wire mesh to measure the CFPP. Most current diesel engines manufactured use fuel filters with 
15 to 25 micron filter paper to remove the impurities from the fuel. Filters on some current model 
diesel engines utilize a filter paper with a pore size that has been reduced to 2 microns. The large 
disparity between the ASTM CFPP test (45 micron filter) and actual industry practice (2 micron filter) 
suggests that that the standard test for diesel fuel (CFPP) may not accurately reflect the temperature at 
which sufficient crystals in the fuel would form to plug the fuel filter on an engine. In fact, it could be 
that fuel filters would plug at temperatures above the tested CFPP for a fuel sample. This would be a 
problem for biodiesel fuel users in colder climates. Diesel fuel pour point suppressants do not change 
the temperature at which the fuel starts to form crystals, they just reduce the size of the crystals so they 
can pass more easily through the fuel filter and fuel system. 

The specific objectives of the alternate test were to: 

 measure pressure drop across the fuel filter; 

 determine effect of blend on pressure drop; and 

 determine effect of pour point suppressants on pressure drop across the filter at cold 
temperatures. 

Three SME biodiesel blends (B2, B5, and B20), one biodiesel fuel, two diesel fuels (number one and 
number two, both ultra-low sulfur), and two treatments (with and without a pour point suppressant) 
were prepared to run through two sizes of fuel filters (2 and 15 micron—Caterpillar part numbers 1R-
0751 and 1R-1740 respectively). One diesel fuel sample taken at the pump in Columbia, and two 
pump grade samples of diesel fuel that were provided by Ron Gorder in South Dakota were prepared 
for testing using the procedures outlined above. The pressure drop was to be measured as the 
temperature of the fuel was reduced from room temperature until the pressure drop exceeded the 
manufacturer’s specifications (45 psi) at their design flow rate. The experiment was to be replicated 3 
times in a complete randomized block design for a total of 108 samples. The cloud point (CP) and cold 
filter plugging point (CFPP) were measured using ASTM D2500 and ASTM D6371, respectively, for 
all 18 of the fuel and blend combinations. The results of the fuel tests are shown in Table 4. With the 
exception of the 100% biodiesel sample, the BioFlo-875 either improved or no difference was noted in 
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the cold flow properties of the fuels. A complete fuel analysis of these tests along with other fuel 
analysis data can be found in Appendix D. 

A test stand shown in Figure 1 was used to test the biodiesel fuel samples. The fuels were mixed based 
on a volumetric basis for each blend. The fuel was then circulated through the system and chilled with 
a dry ice bath. 

As the temperature of the fuel was reduced, the pressure drop across the filter was measured. 
However, the research design where the researchers would gradually drop the temperature of the fuel 
until the pressure drop exceeded the manufacturer’s minimum operating requirements (45 psi) was not 
possible even after five modifications were made to the heat exchanger (Figure 2).  

Unfortunately, the fuel tended to freeze to the wall of the heat exchanger, plugging the heat exchanger 
before the fuel filter. As noted above several modifications were made to the heat exchanger in an 
effort to plug the fuel filter. The original heat exchanger was modified one time since it was unable to 
cool the fuel satisfactorily. Neither design was effective so a new heat exchanger was designed that 
would allow more surface area for cooling. The end result was that the researchers plugged the heat 
exchanger and not the fuel filter. The researchers worked with SDDOT engineers to develop two more 
heat exchangers that would provide a more passive transfer of temperature to the fuel. A PTFE 
(Teflon) tube was inserted inside the stainless steel tube of the second heat exchanger. This reduced 
temperature difference between the fuel and the wall of the heat exchanger in contact with the fuel. 
The end result was that the heat exchanger again plugged, it just took a longer for the plug to take 
place. The final heat exchanger design involved the use of copper tubing. It too produced the same 
results- the fuel plugged the heat exchanger. 

  
Figure 1: Test Stand to Evaluate Cold Flow Properties of Biodiesel 
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The first (original) heat exchanger. This device was originally designed to allow 
cooling in the left side of the device and if necessary heating in the right side of the 
device (to speed the testing along in the event the heat exchanger froze solid) 
(Experiment one). This device was later modified such that both the right and the left 
sides of the device were used to remove heat from the fuel (Experiment two). 

 

 

Experiment three utilized the heat exchanger 
on the left. This redesign was necessary since 
the original heat exchanger was unable to 
freeze the biodiesel. Experiment four used this 
same heat exchanger, but the tubes were lined 
with Teflon tubing. Experiment five used the 
Coleman cooler and two copper coils (note 
above image). The copper coils were 
immersed in alcohol  

Figure 2: Heat Exchangers Tested to Chill Biodiesel. 
 

Table 4: Cold Flow Properties for Diesel Fuel and Biodiesel Fuel Blends 

Petroleum Diesel Biodiesel Additive Avg. Cloud Point (oC) 
ASTM D2500 

CFPP(oC) 
ASTM D6371

0% 100%  1.0 -4 
0% 100% 0.1% 0.7 0 

80% ULSD#2 20%  -20.0 -30 
80% ULSD#2 20% 0.1% -20.0 -30 
95% ULSD#2 5%  -24.3 -24 
95% ULSD#2 5% 0.1% -24.7 -33 
98% ULSD#2 2%  -25.3 -31 
98% ULSD#2 2% 0.1% -25.7 -31 
100% ULSD#2 0%  -26.7 -32 
100% ULSD#2 0% 0.1% -26.7 -32 
80% ULSD#1 20%  -24.0 -24 
80% ULSD#1 20% 0.1% -24.3 -26 
95% ULSD#1 5%  -39.0 -44 
95% ULSD#1 5% 0.1% -39.3 -46 
98% ULSD#1 2%  -64.3 -64 
98% ULSD#1 2% 0.1% -65.3 -73 
100% ULSD#1 0%  -67.0 -71 
100% ULSD#1 0% 0.1% -67.0 -73 

ULSD#1 refers to number one Ultra low sulfur diesel fuel. ULSD #2 refers to number two ultra low sulfur diesel fuel. 
Biodiesel refers to SoyGold soy methyl ester. The additive used was BioFlo-875 from Octel Starreon, LLC. 
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There was concern that the biodiesel would separate from the diesel fuel in extremely cold weather. 
Samples of biodiesel, number one diesel and number two diesel were placed in plastic containers. 
Zero, two, five, and 20 percent biodiesel blends were volumetrically prepared and placed in plastic 
containers. A duplicate set of samples were prepared and these were additized with cold flow additive 
made by Octel Starren—BioFlow 875. All the samples were placed in a cooler, and packed with dry 
ice. The cooler was placed in a freezer overnight. The samples were allowed to thaw naturally without 
any agitation. As noted by Figure 3, even the number one diesel fuel that had a cold flow rating that 
exceeded -60°C appeared frozen when removed the next morning. As noted in Figure 3, no visual 
phase separation was present when the samples were removed from the freezer. No phase separation 
was apparent after the samples warmed over a three hour period to ambient temperatures.  

 

 

The samples on the left were frozen using dry 
ice. The Number One diesel fuel was solid when 
removed from the freezer. The blends were 
composed of 0, 2, 5, 20 and 100 percent 
biodiesel. Note that no distinct layers exist. 

The samples on the left were allowed to thaw 
under ambient conditions. No distinct layers are 
visible regardless of the blend. 

 

Figure 3: Number 1 Diesel Fuel and Biodiesel Blends 

TASK 6. MEET WITH DRIVERS AND MECHANICS 
Meet with drivers and mechanics at SDDOT’s Aberdeen, Sioux Falls, Pierre, and Rapid City shops to 
explain procedures and responsibilities for a twelve month field comparison between vehicles 
operating on B5 and regular diesel. 

August 2005 20 Potential Impact of Biodiesel on SDDOT 



 

This task involved meeting with drivers and supervisory personnel prior to the beginning of operation 
of test vehicles with the B5 blend of fuel. The task was completed in conjunction with meetings held 
in November 2002.  

TASK 7. EVALUATE OPERATIONAL PERFORMANCE 
Evaluate the operational performance of twelve SDDOT and county trucks (half with non-
electronically and half with electronically fueled injection systems) operating on a B5 blend for 12 
months at SDDOT's Aberdeen, Sioux Falls, Pierre, and Rapid City shops, and compare the 
performance to the same number and type of trucks operating on regular diesel fuel. 

A total of four trucks at each of the following locations: Pierre, Aberdeen, Sioux Falls, and Brown 
County highway departments, were selected for B5 blend/diesel fueling. A total of eight trucks at 
Rapid City were selected for B5 blend/diesel fueling. One-half of these trucks were fueled with the B5 
blend. The balance were fueled with either number one or number two diesel fuel (depending on the 
season of the year)  

A driver’s log sheet was developed to facilitate daily record keeping in the test vehicles. A spreadsheet 
was developed to allow for assembly of the daily log sheet data into a form for later statistical 
analyses. Drivers recorded the data, and personnel from the SDDOT transferred those data to a 
spreadsheet for each vehicle. Data were then forwarded to SDSU for analysis.  

In July 2003, Paul Oien reported that trucks DL016 and DL017 had been transferred to Mitchell for 
the fall surplus equipment sale. Both of these trucks had International DTA466 engines. DL017 was 
being fueled with B5 and DL016 was being fueled with regular diesel fuel. A new truck (DL109) was 
then included in the project. It had the same type of engine as DL017. The fuel tanks were drained and 
the fuel filters changed prior to fueling with B5.  

Three engines experienced failures requiring large repairs and in one case, complete replacement of an 
engine. One engine (operated on B5) experienced a valve keeper failure that damaged or destroyed 
several pistons, requiring engine teardown and repair. Another engine required replacement of the 
copper tubes surrounding the injectors in the heads at substantial repair cost. A single engine (operated 
on diesel fuel) experienced a main bearing failure. After teardown a decision was made at that shop to 
replace the engine. These infrequent but large repairs tend to distort comparisons between small 
groups of trucks operating on the two comparative fuels. With over 250,000 total miles added to truck 
engines that were not new when the tests were started, the statistical likelihood of one or more engine 
failures was substantial. None of the personnel in the maintenance shops attributed these failures to the 
fuel used. On the contrary, they suggested that these incidents were unrelated to the fuel. As a result 
the researchers excluded these large failure occurrences from some of the per-mile cost analysis later 
in the study. In general caution should be used in extrapolating results that include these events. 

 

The parts delivery truck, commonly referred to as the “Bumble Bee”, was a new truck equipped with 
the new Caterpillar ACERT engine. The ACERT engine utilizes Caterpillar’s Advanced Combustion 
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Emissions Reduction Technology to achieve regulatory compliance of exhaust composition. Most 
other engine manufacturers are using Cooled Exhaust Gas Recirculation as a principal component of 
their emissions strategy. The Caterpillar engine uses an integrated management of electronic injection 
control and turbocharging control and other variables to achieve emissions reductions. Because 
Caterpillar is unique in this approach, and because this was the first example of an ACERT engine in 
the SDDOT fleet this truck was added to the study as an example of alternative technology. A single 
truck was used, and no comparative engine was available to operate on diesel fuel, so the results are 
anecdotal.  

The ACERT engine operated under warranty during the test period. SDDOT records show only 
routine inspection and maintenance for this vehicle. SDDOT personnel have reported that the engine 
did experience a warranty repair in which injectors were replaced after a problem of rapid oil 
consumption. This event took place prior to the operation of the engine on the B5 blend. No engine 
service expenditures appear in the record for this truck after the switch to the B5 blend. Questions 
arose regarding potential interaction of the aluminum fuel tank on this truck with the blended fuel. The 
solvent properties of biodiesel could cause the sloughing of adherent residue in this tank as in a steel 
tank. However, the vehicle gave no indication that filtration issues were any different in than in the 
general fleet. Fuel economy for this truck averaged 6.73 miles per gallon on the B5 blend. Because 
this truck has a much different load application than the road maintenance truck fuel economy was not 
generally comparable with those of the other vehicles involved in the study. While the data from this 
one truck are not definitive, they suggest that the ACERT engines should operate just as other engines 
in the fleet on a B5 blend. If differences occur they might be expected in the area of filtration as the 
ACERT system generally employs a higher level of filtration with a mesh size of 2 microns. Residue 
sloughed from tanks and lines of vehicles converted from diesel fuel use would be expected to plug 
filters. This finding is not different than for other engines and fuel systems, but might occur sooner as 
the smaller filter mesh would be expected to trap finer material. 

Fuel economy averages for locations by fuel type are given in Table 5. In most cases the fuel economy 
between trucks fueled with diesel fuel and the B5 biodiesel blend were very similar. At Aberdeen, 
Pierre, and Rapid City the difference between the average mileage obtained between the two fuel types 
is less than 3.5%. Mileage was lower in general in the Rapid City trucks. This was not unexpected as 
the Rapid City trucks must operate in the Black Hills under more severe grade conditions than exist in 
the Pierre, Sioux Falls, and Aberdeen areas.  

Two locations stand out. Brown County produced a relatively large difference of 0.60 mpg between 
the diesel and B5 trucks. In this case, one of the diesel trucks appears to have been out of service for 
some time as it had large repair costs and accrued less than half the miles of the other trucks. It is not 
known what time this occurred and what operations duty the three other trucks were subjected to 
during that time period. It is possible that the disparity is due to the differential operation of the one 
diesel fueled truck. 
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A large disparity in fuel economy also existed in the trucks from Sioux Falls. One of the two diesel 
fueled trucks at that location (DL016) had a calculated fuel economy of 7.2 miles per gallon. This is 
roughly two mpg or 40% higher than the fleet in general. This was also one of the two trucks that were 
mistakenly surplussed during the course of the study. The disparity suggests a record keeping error for 
the fuel or miles for that truck that distorts the fuel economy for this site. After the two trucks were 
taken out of service a single truck was added into the study and fueled on B5 for the remainder of the 
test period. The fuel economy data for trucks operated on diesel fuel at Sioux Falls then rely on an 
anomalous value for the surplussed truck and data for a single truck thereafter. As a result the data 
from this site are of questionable reliability for drawing conclusions regarding fuel economy. The 
values for Aberdeen, Rapid City, and Pierre probably provide reliable indications of genuine 
differences in fuel economy. If looking at these three sites the average fuel economy for diesel fueled 
trucks was 4.79 mpg, while the B5 fueled trucks achieved 4.69 mph. The difference is approximately 
2%. This was not unexpected as the biodiesel has a slightly lower heating value (BTU) than petroleum 
diesel fuel (note the fuel analysis data in Appendix E). 

Table 5: Fuel Economy Using Diesel Fuel and a B5 Blend 
Location Average mpg for All Trucks (Diesel) Average mpg for All Trucks (Biodiesel) 
Aberdeen 4.99 5.01 

Brown County 5.13 4.53 
Pierre 5.31 5.12 

Rapid City 4.44 4.31 
Sioux Falls 5.52* 4.96 

Average for all Locations 4.99 4.70 
*One of two diesel trucks at this site operated over relatively few miles and may distort the fuel economy here. 
** The fuel economy for one truck at this site was over 7.4 mpg which suggests a record keeping error. The truck was also taken out of 
service during the test period.  

 

A graphical presentation of fuel economy versus year of engine manufacture is given in Figure 4. 
Since an attempt was made to select trucks for the study in pairs of identical engine designs and 
similar ages the data frequently show a diesel engine and a B5 fueled engine at a given year of 
manufacture. The data were graphed to see if a trend in fuel economy versus year of engine 
manufacture was apparent, and to see if the engines operated on B5 had different economy than diesel 
fueled engines for different years of manufacture. The data suggest that there is no trend of fuel 
economy as a function of engine year, and that there is no apparent difference in economy between 
performance for the two fuel types as a function of engine year. SDDOT should not expect to see 
differences in fuel economy between newer and older trucks if a B5 blend is implemented. The diesel 
fueled trucks at Sioux Falls again appear as outliers, and the Bumblebee (DB031) has a different work 
cycle and so stands out from the other trucks in fuel economy. 
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Figure 4: Fuel Economy for Trucks in the SDDOT Fleet  

 

TASK 8. CONDUCT PHYSICAL AND CHEMICAL TESTS  
Conduct physical and chemical tests to assess fuel quality: at the time of delivery from the supplier; 
after storage in SDDOT's underground storage tank at Rapid City and temporary, supplier-furnished, 
above-ground storage tanks at Pierre, Sioux Falls, Aberdeen; and in the fuel systems of the test 
vehicles. 

Due to the cold weather blending issues that surfaced during the 2003 South Dakota winter, cold flow 
testing was undertaken by Chemical Engineering at the University of Missouri (Chiu, C., Schumacher, 
L. G., Suppes, G. J. (2004). Paul Oien prepared 20 samples using #1, #2, and Biodiesel in various 
proportions and shipped these to MU (Chuang-Wei Chiu) for analysis. Chiu performed a Low 
Temperature Flow Test (LTFT) using these samples.  
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QUALITY OF BIODIESEL BLENDED FUEL IN SDDOT TRIALS 

Fuel quality is a legitimate concern to the SDDOT; both for petroleum based fuels and for biodiesel 
blended fuels. As a part of this research effort, fuel quality was tested to determine potential impacts 
on the SDDOT. 

TESTS CONDUCTED 

Samples of fuel used in blending were tested for quality characteristics using ASTM procedures at the 
outset of the field trials. A sample of number one diesel fuel was acquired from the contract vendor 
and was tested as per ASTM D975. Additional samples of number one diesel and number two diesel 
were taken from tanks at Pierre and Rapid City respectively and stored as representative samples of 
the petroleum fuel used during the trial period. A sample of neat Soy Methyl Ester, as used by the 
vendor for blending B5, was acquired and tested according to the ASTM procedures comprising test 
D6751. Five additional samples were taken and stored from deliveries of B100 to Aberdeen where 
onsite blending was practiced. 

Samples of blended fuels were taken periodically at delivery and stored for analysis. A total of 29 
samples of typical B5 blend were taken from storage tanks or delivery trucks during the 17 months of 
trial use at the five sites. In addition to these typical fuels, additional samples were collected for 
specific purposes at other times. Two SDDOT trucks under limited yard use were fueled with B5 at 
the start of the field trials. These trucks were intended to run the length of the trial on a single tank of 
fuel, while providing that fuel with an opportunity to aerate and oxidize when the vehicle was used 
and fuel circulated. Four samples of blended fuel were drawn from each of these two vehicles over the 
17 months of the trial. A sample of the original fuel that was placed in these trucks was also stored. A 
sample was taken from a truck that experienced engine failure. A sample was taken from the bottom 
third of the underground tank in Rapid City approximately 11 months into the trial period. 

Sub-samples of the fuel samples described above were submitted to ANA Laboratories for testing. 
Currently the ASTM has not developed a specification for a biodiesel blend. There is a quality test for 
B100 (D6751), and a test for diesel fuel (D975). The ASTM D971 specification is made up of a 
number of ASTM procedures. A set of 8 ASTM tests (D93, D1796, D445, D130, D613, D2500, D974, 
and IP-309) were conducted on eight samples of B5 acquired across the time period of the research. 
These eight tests represented components of the tests for diesel fuel (ASTM D975) and biodiesel 
(ASTM D6751) that were common to each other and applicable to both. These eight tests were used to 
evaluate the quality of regularly delivered blended fuel. 

One sample of B5 was also used to conduct an accelerated oxidative stability test (ASTM D2274). 
This was used as a measure of the oxidative potential of the fuel placed in the limited use trucks at 
Aberdeen and Mitchell.  

Four of the samples of B5 taken from these limited use trucks over the course of the trial period were 
used to conduct tests of fuel as it aged. The ASTM procedure D2276, Total Insolubles Filtration, was 
used to quantify the oxidative stability of these samples. 
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RESULTS OF FUEL ANALYSIS  

The quality of the diesel fuel used when blending was in full compliance with the standard, ASTM 
D975. An initial set of laboratory tests for the B100 obtained from Stern Oil and used in blending 
indicated that the biodiesel appeared to be outside the specification set forth in D6751 for the 
categories of free and total glycerin, and flash point. A second sample of B100 was submitted for 
testing with similar results. The ASTM D6751 specification allows 0.020% free glycerin and 0.240% 
total glycerin on a mass basis. The initial test results reported by ANA Laboratories were substantially 
above these limits. Discussion with the ANA Laboratories revealed an error in the method of 
presenting the test results. ANA Laboratories corrected and issued a revised report. The corrected 
report format showed the two samples of biodiesel to have free glycerin levels of 0.00%, and 0.004% 
respectively, and total glycerin levels of 0.210% and 0.050%. These levels are within the specification 
for B100.  

Flashpoints for the two biodiesel fuel samples from ASTM tests were 114°C and 118°C. The flash 
points were below the 130°C specified in the ASTM standard. Flashpoints in biodiesel are often 
affected by small variations in residual methanol from the biodiesel conversion process. Note that 
while these values were below the current ASTM specification for B100, they are above the DIN 
51606 German standard of 110°C, and much higher than the 38°C minimum for petroleum diesel fuel 
specified in ASTM D975. Additionally, flash points in the B5 blended fuel were well above the 
minimum specification for either number one or number two diesel fuels. The flash point from the 
B100 used in the trials should not present problems for the SDDOT fleet. The lab analysis reports 
from ANA Labs can be found in Appendix E. 

Kinematic viscosity of the fuel samples tested is given in Figure 5. Viscosity for biodiesel fuel is 
typically higher than petroleum fuels. The fuel delivered during the period of the research project was 
very consistent in viscosity with values ranging from 2.9 to 3.1 centistokes (cSt). For comparison, 
allowable ranges for the ASTM fuel specifications are 1.3 to 2.4 cSt for #1 diesel, 1.9 to 4.1 cSt for #2 
diesel, and 1.9 to 6.0 cSt for Soy Methyl Ester. The values for the blended fuel samples in this case are 
in the range for #2 diesel fuel and SME, and slightly above the specification for pure #1 fuel. They 
suggest consistent quality in the fuel delivered to the SDDOT and should not represent a problem in 
operation. (Note: All viscosity data were within the ASTM specification for number two diesel or 100 
percent biodiesel.)  

The number one diesel fuel failed the lubricity specification as outlined in ASTM D975. ASTM 
D6078 (SLBOCLE) and ASTM D6079 (HFRR) were used when determining this data. Values of 
2900 grams and a 0.581mm wear scar diameter were reported respectively. Engine manufacturers have 
indicated that a minimum of 3100 grams (SLBOCLE) or a maximum wear scar diameter of .450 mm 
(HFRR) must be maintained to prevent the fuel system from self destruction. Although these lubricity 
test procedures were not conducted for the B5 blends used in the study or for B100, research reported 
in the SDDOT Potential Impact of Biodiesel on SDDOT Interim Report, (Tables 6 & 7) outlined the 
increase in lubricity associated with the blending of biodiesel with diesel fuel. By replacing as little as 
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two percent of the diesel fuel with biodiesel, the lubricity of the blended fuel exceeded OEM 
recommendations. This is important to SDDOT for three reasons. First, the SDDOT number one fuel 
in this project failed both the SLBOCLE and the HFRR. Second, SDDOT typically fuels with 100 
percent number one fuel during the winter months. And third, beginning June 2006, the new 15 ppm 
low sulfur diesel fuel, due to the hydrotreating during the removal of sulfur from the diesel fuel, 
exhibits lubricity qualities that are worse than the lubricity of the diesel fuel that SDDOT used during 
this project. SDDOT will need to use lubricity additives for both number one and number two diesel 
fuel unless they blend two to five percent biodiesel (number two vs. number one) with their petroleum 
diesel fuel.  

Kinematic Viscosity for 2002, 2003 B5 Samples
(D 975 specs 1.3-2.4 for #1 & 1.9-4.1 for #2,  D 6751 specs 1.9-6.0)
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Cloud point data found in Figure 6 reveal the temperature when wax crystals begin to form and cloud 
the appearance of the fuel. Figure 6 also reports the Cold Filter Plugging Point (CFPP). All but three 
of the samples indicate a CFPP of -35 to -47 degrees F. Cloud points are generally 12 to 20 degrees 
higher than the CFPP. A single sample from Brown County shows a low CFPP of -46 degrees F, but a 
Cloud Point that is above zero. The reason for the disparity between the two temperatures for this 
sample is not known. Cold flow performance for these samples would not be expected to represent a 
problem for SDDOT. Three samples show dramatically higher cold flow temperatures. 

Figure 5: Kinematic Viscosity for SDDOT B5 Fuel 
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Cloud Point and CFPP for  2002-2003 Fuel Samples
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Figure 6: Cloud Point and CFPP Properties for SDDOT B5 Fuel 

The sample drawn from Sioux Falls in April of 2003 was a blend of B100 and number 2 diesel fuel, as 
the Sioux Falls depot would have changed over to number two fuel by that date. The Brown County 
sample from December of 2002 also shows high Cloud and CFPP temperatures. This fuel was most 
likely a blend of number 1 and remaining number 2 diesel fuel with 5% biodiesel. The April sample 
from Brown County would also have been a blend of B100 with number 2 diesel fuel, accounting for 
the high Cloud Point and Cold Filter Plugging Point. The cold flow temperatures of these samples 
would not be expected to represent problems at the times they were drawn. However, biodiesel added 
to petroleum fuel will raise cold flow temperatures. The issue of filter meshes size and the ASTM 
standard mesh size for CFPP was discussed earlier. These data reinforced the need for that work as it 
is possible that a fine mesh filter would plug at a temperature between the CFPP and the Cloud Point. 
Cold filter plugging point temperatures of blended fuel will also be dependent upon the feed stock 
used for the biodiesel component. Converted vegetable oils will have a small range of variation, but 
methyl esters derived from tallow or yellow grease will have considerably higher cold flow 
temperatures and blended fuel will be affected according to the characteristics of the feed stock and 
the blend percentage. In the case of the B5 blend, the impact on the base fuel will be small. While cold 
flow in properly blended fuel does not appear to be a problem for SDDOT, the samples that included 
some #2 fuel show how much impact blending procedures could impact a batch of fuel if proper 
procedures are not followed. 
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Alkali or mineral acids values are given for the B5 fuel samples in Figure 7. The acceptable threshold 
for this variable in the ASTM standard for biodiesel fuel is 0.80. The blended fuel samples have acid 
numbers of 0.011 to 0.22. These are low values and indicate that the fuel delivered was of high 
quality.  
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Cetane number for the fuel samples is given in Figure 8. All samples tested are well above the 
minimum value specified in ASTM standards for diesel fuel (40) and the minimum value specified for 
biodiesel blend stock of 47. The values in these samples should not represent problems for the 
SDDOT and may be a slight improvement over pure petroleum fuel. 

Figure 7: Alkali or Mineral Acids for SDDOT B5 Fuel 

The samples from the limited use trucks were tested as an indication of the oxidative stability of the 
blended fuel. A consultation with the fuel blender (Stern Oil) and the supplier of the B100 (Soy Gold) 
indicated that a pour point depressant was added to the SME blend stock during cold weather months 
by the B100 supplier, but that no antioxidants of any kind were added to the B100 by either Stern or 
Soy Gold. A graph of the insolubles filtration results is presented in Figure 9. The graph shows that the 
filterable insolubles increased in the fuel stored in the tanks of the limited use trucks over the time 
period of the trials. The value rose from roughly 2 ppm to 3 ppm between April of 2003 and 
September of 2003 for one sample.  
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Figure 8: Cetane Number for SDDOT B5 Fuel 
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Figure 9: Oxidation Potential of B5 Fuel  

The triangular markers at the beginning of the period reflect an accelerated oxidative stability test (ASTM 
D2274). The markers are for filterable insolubles and the sum of these and the adherent insolubles. (Note: All 
levels are well below a threshold of 10 ppm). 
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A very similar rise occurred for a sample between April of 2003 and April of 2004. Also, the 
accelerated test conducted on the original fuel used to operate these trucks indicated very similar levels 
of filterable insoluble material. The higher marker in the graph for the accelerated test includes 
adherent insolubles. The last marker shown near the right hand end of the graph is the filterable 
insolubles level for a sample of the original fuel stored in a clean can for 17 months. All of the levels 
indicated in this test are well below the threshold of 10 ppm, which is the level used by some major 
municipalities as a maximum allowable level for delivered diesel fuel. This result suggests that fuel 
oxidative stability was not a problem in the fuel used in these trials. 

TASK 9. EVALUATE VEHICLE MAINTENANCE HISTORIES 
Through a review of vehicle maintenance records, engine oil analysis, forensic evaluation of failed 
engine or fuel system components, and interviews with drivers and mechanics involved in testing, 
evaluate and compare maintenance histories of vehicles operated with B5 and those compared with 
regular diesel fuel. 

Very little data were logged on the vehicles due to the extremely mild weather in South Dakota during 
the winter of 2003. The research team recommended that the project be extended at no cost to allow 
more miles to be logged on the vehicles to increase the confidence in the final recommendations. The 
review panel supported this recommendation. 

Table 6: SDDOT Vehicle Work Codes 
Repair Code Repair Name Work Description 

4011 Lubrication and 
inspection 

1. Complete chassis lubrication, 2. change of oil and filter, 3. Check tires and air 
pressure, 4. Check battery, 5. Check radiator and hoses, 6. Check belts, 7. Check air 
filter, 8. Check for signs of leaking, 9. General inspection of unit including loose bolts or 
connections, 10. Check all fluid levels, 11. Check exhaust system.  

4012 
Major preventative 
maintenance and 

inspection 

1. Starter, distributor, spark plugs, battery terminals, fuel filter, PCV valve, 2. Smooth 
operation of engine, tappet noise, 3. Brakes, hand & foot, 4. Clutch/automatic 
transmission for smooth operation, 5. Steering, 6. Wheel bearings, 7. Exhaust system, 8. 
Hydraulic system, hoist, etc., 9.Performance of all gauges. 10. Lights, horns, mirrors, 
windshield wipers. 

4051 Engine Repair 
Valve adjustment, reboring blocks, timing gears, & chains, rings, pistons, crankshaft, oil 
pans, head gaskets, grinding valves, replacing head, reseal engine valve cover gaskets, 
main seals, pan gasket and timing chain gaskets. 

4052 Engine 
Replacement 

Replacement of gas or diesel engines or short blocks. 

4070 Fuel System Work Work performed on carburetors, air cleaners, fuel pumps and filter, fuel tank, fuel lines, 
injectors, injector pumps, and external governors, etc. 

4080 Exhaust System 
Work 

Work on manifolds, manifold gaskets, mufflers, tail pipes, antismog devices, catalytic 
converters, and turbo chargers. 

4210 Other Work This category includes any repairs that do not explicitly fit into one of the other SDDOT 
repair and maintenance codes.  

 

Maintenance and repair costs by category are given for trucks operating on the two comparison fuels 
in. Categories used in this chart are taken from the repair codes used by the SDDOT in its shop record 
keeping system. Only repair codes that included some aspect of the vehicle that could possibly be 
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impacted by the fuel were included in. Table 6 lists the SDDOT repair and maintenance codes that 
were summarized and included in the analysis. 

A number of repair procedures were excluded from this analysis. Categories such as steering and 
suspension, tires and wheel work, electrical systems and lighting, and washing and cleanup were not 
analyzed as they would not be expected to have any reasonable linkage to the fuel used by the vehicle. 
It is important to recognize that most of the items in the repair codes do not have direct contact with 
the fuel and are probably not related to the fuel in any way. However, the records do not allow 
sufficient detail to isolate individual items such as a fuel line and separate it from items such as 
replacement of the air cleaner. They are part of the same repair code. 

Three events occurred during the course of the study that required substantial repair or replacement 
costs to an engine. Truck DL073 from Rapid City experienced failure of a valve keeper, with 
subsequent damage to several pistons. The engine was repaired and returned to service. A truck from 
Sioux Falls, (DL159) experienced failure of the copper tubes surrounding the injectors in the heads. 
This engine was repaired and returned to service. A truck from Pierre (DL 120) suffered a main 
bearing failure. This engine was replaced with a rebuilt engine. These three events had large associated 
costs. Maintenance personnel did not associate any of the failures specifically with the fuel used. To 
prevent these events from distorting the aggregate maintenance costs for the study they were excluded 
from the subsequent analysis. A graph of aggregate maintenance cost totals for diesel and B5 fueled 
trucks is given in Figure 10.  

Trucks from this study had very similar total costs in the categories of exhaust system repairs, and 
“other” items. Trucks fueled on the B5 blend had somewhat higher total costs in the category of 
lubrication and inspection, and slightly lower costs in the preventative maintenance category. The 
higher total in lubrication and inspection cost for the B5 fueled trucks may be a result of higher total 
miles applied to these vehicles, with correspondingly higher numbers of oil and filter changes. In the 
categories of engine repair and fuel system repair the diesel fueled engines had higher aggregate costs. 
Caution should be used in drawing conclusions from these numbers. Engine repairs were relatively 
infrequent events in the study. One or two repairs can make the data appear lopsided in either 
direction. In this case, a single diesel fueled truck, (DL083) from Aberdeen, accounts for over 1/3 of 
the aggregate costs of fuel system repair, over ½ of the engine repair costs, and a substantial portion of 
the preventative maintenance costs. While there is no known reason to exclude this truck and its 
maintenance costs, it would be wrong to conclude that trucks fueled with diesel fuel have much higher 
fuel system maintenance costs based on these data alone. In truth, these fuels are similar enough that it 
might take the lifetime of a set of trucks to reliably identify and quantify differences in maintenance 
costs that are due to the fuel alone.  

Further discussion of maintenance costs and impacts on the SDDOT are given in the section of this 
report on economic impacts, where fuel and maintenance costs are addressed on a per mile basis.  
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Figure 10: Maintenance Costs by Selected Category for Trucks in SDDOT Field Trials 
*Note: Care is needed when reviewing these data (Figure 10) as the repair costs would have occurred regardless of 
the composition of the fuel used to power the engine. 

 
Brown County repair data were not part of the SDDOT data set. As such, these data were secured and 
recorded by hand, one job ticket at a time. Dollar amounts for parts and labor are not a part of the 
Brown County job repair tickets. Table 7 illustrates that these vehicles experienced normal, routine 
repairs throughout the duration of the project. 
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Table 7: Type and Frequency of Maintenance Procedures for Brown County Trucks 
Procedure Frequency 

Replacement of front or rear tires 7 
250 hour service 18 
Rear chipper bar 1 
Adjust valves 1 
Repair tail gate 1 
Install snow lights 1 
Cracked leaf spring 1 
Replaced injector 1 
Replaced brake switch 1 
Fuel Filter replacement 1 
Front end alignment 1 

 

ENGINE OIL ANALYSES 

Routine engine oil analyses were conducted on samples taken from engines powering the trucks used 
in the field trials. The Brown County Highway Department utilizes Butler Cat to analyze a sample of 
oil from each 250 hour engine service. The results of these tests were available going back to a year or 
more prior to the start of the B5 blend use. Graphs of the wear metals, copper, lead, and iron over time 
are given below in Figure 11 through Figure 12. Graphs of the engine oil oxidation test values and 
nitrate levels are given in Figure 14 and Figure 15. All of these graphs depict the levels of the variable 
from time prior to the introduction of biodiesel through the period of the field tests. A complete 
breakout of all the oil analysis data for the SDDOT fleet that was part of this research effort can be 
found in Appendix G. 
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Figure 11: PPM Copper Levels in Engine Oil of Brown County Trucks  

Note: The two trucks with high levels are new vehicles exhibiting a wear-in behavior. (The old trucks, T46 and 
T48, have baseline levels of copper at 1 or 2 ppm.) 
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A graph of parts per million copper in the engine oil of the four Brown County trucks is given in 
Figure 11. Copper is one of the wear metals that is part of the construction of the main and rod 
bearings. The two older trucks (T46 and T48) are characterized by the very low copper levels near the 
X axis. These were both 2002 International model 2674 trucks powered with Cat C-12 engines. The 
higher values are associated with two new trucks (T42 and T43). These were both 1999 International 
model 2574 trucks powered with Cummins M-11 engines The graph suggests a wear-in behavior in 
the two new trucks with initial high levels of the wear metals that then rapidly taper off. This might be 
expected as new bearing surfaces shed small surface imperfections and become smoother. Variations 
in the levels of these indicator metals in the oil samples can also result from variation in the operating 
hours between oil service events. The X axis in the case of these graphs is not a linear scale and shows 
the date of the oil sample taken. This was done so that levels of wear metals could be examined in the 
context of the time period representing the field test to see if wear metals might trend differently under 
the comparative fuels. The two old trucks include one operating on B5 and one on diesel fuel. 
Similarly with the new engines, one is operated on each fuel. The data shows no trend of separation 
between the paired trucks running on the comparison fuels.  

A similar graph in Figure 12 shows lead levels that seem to confirm the wear-in behavior of the two 
CAT engines. Lead is also a component of the main and rod bearings. The differences between new 
and old engines is not as pronounced in the case of this wear metal but the paired trucks still behave 
similarly, although operated on the two comparison fuels. The lead levels measured here are not high 
enough to warrant any corrective action. 

Figure 13 shows levels of iron in the oil samples for the same four engines. Levels are similar for both 
new and old trucks (Figure 13). The paired trucks again performed similarly, while one operated on 
B5 blended fuel and the other used petroleum diesel. Again, the levels detected here are not high 
enough to suggest any corrective action. 

Oil oxidation levels in engine oil might vary with the two fuels as biodiesel fuel is generally assumed 
to be more susceptible to oxidation, and small amounts of the fuel may show up in the engine oil over 
time. Similarly, biodiesel has been shown to produce somewhat higher levels of NOx in combustion 
products and nitrates could be present in the engine oil as a result of blowby gases in the crankcase. In 
this case oxidation levels are similar in magnitude for old and new trucks, as well as for trucks using 
both fuels (Figure 14). The graphs show some variation over time in oxidation levels that is probably 
reflective of the interval between oil changes. Nitration levels are given in Figure 15. Here, the two 
new engines enter with very low nitration levels in their first samples, but they quickly join the older 
engines in what is probably a more normal level of nitration in the oil. Again, the fact that the paired 
trucks behaved quite similarly, (and somewhat in parallel) indicates that the fuel was not a variable 
that caused differences among these oil analyses. 
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Figure 12: PPM Lead Levels in Engine Oil of Brown County Trucks 
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Figure 13: PPM Iron Levels in Engine Oil of Brown County Trucks 

Note: Paired trucks behaved similarly while operating on a B5 blend as compared to the control truck 
on diesel fuel. 
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Figure 14: PPM Oil Oxidation Levels in Engine Oil of Brown County Trucks 

Note: No difference was noted for biodiesel fueled trucks as opposed to those operating on diesel fuel.) 
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Figure 15: PPM Nitrate Levels in Engine Oil of Brown County Trucks 

Note: Paired trucks have similar levels and no apparent differences are evident that can be associated with 
the fuel. 
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Figure 16: PPM Wear Metal Levels in Engine Oil of Brown County Trucks 

 Note: All averages in Figure 16 were below threshold levels established by oil analysis laboratories. 

Trucks operated by the SDDOT have oil samples from each oil change analyzed by ANA 
Laboratories. In this analysis the samples were aggregated to show average values of wear variables 
for trucks operating on the petroleum diesel fuel and B5. The wear metals of aluminum and chromium, 
as well as silicon were a part of the ANA Labs reports and were included in the chart. Figure 16 shows 
the mean values of these wear variables for trucks operated on each fuel. Since these are averages for 
the groups of trucks operated on diesel fuel and on the B5 biodiesel blend the values would not be 
expected to be outside of thresholds established by oil analysis laboratories. What the graph shows is 
that the mean values for each of the wear variables are very similar for the trucks operated on the two 
comparison fuels. Statistical tests of the means for these wear variables indicated that the means are 
not significantly different between the two fuels. In other words, the oil sample analysis indicated no 
statistical difference between the levels of wear metals for petroleum diesel fuel and the B5 biodiesel 
blend. 

 

Individual oil analyses were reviewed for anomalies and for trends that might be associated with the 
different fuels. One truck (DL159) showed slightly higher than normal wear metals for copper and 
aluminum. This engine subsequently underwent a repair that indicated that the copper tubes 
surrounding the injectors in the heads were cracked. The engine was operating on conventional diesel 
fuel and a review of oil analyses prior to the start of the B5 trial shows that it had a history of high 
wear metals, indicating a prior condition. Two other trucks (DL426 and DL427), one running B5 and 
one running diesel fuel, produced oil samples that had very high levels of copper present in the oil. All 
other wear metals were normal for these samples. The engines involved were CAT C12 engines and 
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were the only caterpillar engines in the SDDOT trucks tested. It may be characteristic of these engines 
to show elevated copper from some component specific to that engine. Neither of the trucks 
experienced engine problems, despite the higher than expected copper wear metals in the oil. The 
mean values of oil wear metals for the groups of trucks running the two comparative fuels are shown 
in Figure 16. The high copper levels of the two Caterpillar engines were left out of the data in this 
graph. Student T-tests of the data indicate that the wear metal means for the engines operated on the 
B5 blend and the engines operating on diesel fuel were not significantly different. 

In total, the used engine oil analyses did not indicate any difference between wear metal levels 
concerning oxidation or nitration for the B5 blend as compared to petroleum diesel fuel. All of the 
levels reported were well within levels established by oil analysis laboratories. For example the 
Minnesota Valley Testing Laboratory and Trigard labs would expect to find 3-15 ppm and 5-40 ppm 
of CU in the oil sample. The CU average for the SDDOT trucks was 6.43 ppm. The same was true for 
lead (1-12 and 2-25 ppm vs. 7.18 ppm), aluminum (1-15 ppm vs. 5.71 ppm), iron (10-40 and 20-60 
ppm vs. 20.28 ppm), chromium ((0.5-8 ppm and 1-10 ppm vs. 2.00 ppm), and silicon (0-12 ppm and 
1-15 ppm vs. 11.0 ppm). The result is that a B5 blended fuel implementation by the SDDOT would 
not be expected to produce measurable differences for these wear metal indicator values. 

TASK 10: ASSESS COSTS, BENEFITS, AND ECONOMIC IMPACT 
Assess the costs, benefits, and overall economic impact to SDDOT's use of biodiesel at 2%, 5%, and 
20% concentrations in its vehicle fleet. The assessment should consider future federal specification 
changes to diesel fuels, potential additional storage needs that maybe created by using biodiesel, costs 
of vehicle modifications, fuel availability, and fuel. 

FLEET TRIAL COST COMPARISON 

Maintenance and fuel cost data from SDDOT trucks fueled with B5 biodiesel blended fuel or 
petroleum diesel fuel at the Aberdeen, Pierre, Sioux Falls, and Rapid City locations are included in 
Table 8 and Table 9. The results in Table 8 assume the removal of three large engine repair or 
replacement events discussed earlier. These included the engine replacement in truck DL120, the 
major repair in Rapid City truck DL073, and the repair of the copper tubes surrounding the injectors in 
the heads for the Sioux Falls truck DL159.  

Table 8: Comparison of Maintenance Costs per Mile for SDDOT 
 Maintenance Costs Miles Cost per Mile 

Biodiesel (B5) $14,520.16 146,322 $0.10 
Diesel $17,328.69 105,106 $0.16 

 

Table 9: Comparison of Fuel Cost per Mile for SDDOT 
 Fuel Costs Miles Costs per Mile 

Biodiesel (B5) $40,560.57 146,322 $0.28 
Diesel $27,257.51 105,106 $0.26 
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Note: The data reported in Figure 10 and Tables 8 and 9 do not include data from Brown County 
trucks because Brown County used a different procedure for tracking maintenance costs than the 
other location. In order to consistently compare costs, Brown County fuel costs were omitted. 

Maintenance Costs: Based on the fleet trial results, total maintenance costs for B5 biodiesel blended 
fuel were similar to petroleum diesel fuel. SDDOT trucks at the Aberdeen, Pierre, Sioux Falls, and 
Rapid City locations that were fueled with a B5 biodiesel blend traveled 146,322 miles during the 
study. The maintenance costs for these trucks over the same time period totaled $14,520.16, resulting 
in maintenance costs per mile of $0.10 for trucks fueled with B5 biodiesel blended fuel. SDDOT 
trucks from the same locations fueled with petroleum diesel fuel traveled 105,106 miles and 
accumulated maintenance costs of $17,328.69. Therefore, maintenance costs for petroleum diesel fuel 
trucks were calculated at $0.16 per mile over the course of the study. Specific maintenance cost 
comparisons for trucks fueled with B5 biodiesel blended fuel and petroleum diesel fuel during the fleet 
trial are displayed in Figure 170. 

Total lubrication and inspection costs ran higher on trucks running on B5 fuel than petroleum diesel 
fuel during the course of the study. Increased lubrication and inspection costs among trucks fueled 
with B5 fuel may be explained by the fact that these trucks ran 41,216 more miles than trucks fueled 
on petroleum diesel fuel during the fleet trial. Preventive maintenance costs incurred by trucks fueled 
on petroleum diesel fuel were slightly higher than those of trucks fueled with B5 blended fuel. Total 
engine repair costs were lower for the group of trucks operating on the B5 fuel. Similarly, repairs to 
the fuel system were lower for trucks running on B5 biodiesel blended fuel during the course of the 
study. Total exhaust system costs under the two types of fueling were within $100 of one another at 
the close of the study, suggesting little difference for vehicles running on petroleum diesel fuel or B5 
fuel. Similarly, other maintenance costs were less than $200 different between trucks fueled on 
petroleum diesel fuel or B5 fuel. Caution should be used when drawing conclusions from these data. 
Large maintenance events (two engine overhauls and one engine replacement) that were determined to 
be unrelated to the fuel used were removed to prevent them from distorting the data. Even so, the data 
were derived from a very small number of trucks over relatively few miles. Also, the repair codes used 
in the record keeping system were not designed to separate repairs into categories specifically related 
to the fuel. As such, the records probably include many items that have little if anything to do with the 
fuel used. 

Fuel Costs: Fuel costs were calculated according to the gallons of fuel purchased and used during the 
fleet trial. Specifically, the costs for each type of fuel were as follows: Petroleum Diesel Fuel 
($1.27/gal), B5 ($1.33/gal), and B100 ($2.11/gal). Based on the field study comparison, fuel costs for 
biodiesel blends were similar to petroleum diesel fuel (Table 9). SDDOT trucks at the Aberdeen, 
Pierre, Sioux Falls, and Rapid City locations that were fueled with B5 biodiesel traveled 146,322 miles 
during the field study. The fuel costs for these trucks over the same time period totaled $40,560.57, 
resulting in fuel costs per mile of $0.28 for trucks fueled with B5. SDDOT trucks from the same 
locations fueled with petroleum diesel fuel traveled 105,106 miles and accumulated fuel costs of 
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$27,257.51. The fuel costs for petroleum diesel fuel trucks were $0.26 per mile over the course of the 
study.  

Due to the noticeable difference in maintenance costs per mile observed in Table 9 and the small 
sample size of trucks included in the fleet trials, total costs were compared (fuel costs + maintenance 
costs) after removing three extreme maintenance events (engine replacement of Pierre Truck #DL120, 
engine repair of Rapid City Truck DL073 and Sioux Falls Truck DL159). The results for the 
remaining trucks fueled with B5 fuel and petroleum diesel fuel are displayed in Table 10.  

Table 10: Combined Fuel and Maintenance Costs per Mile 
Location Biodiesel Costs Miles Costs per Mile 

Aberdeen $ 12,785.87 35,615 $ 0.36 
Pierre $ 13,463.14 37,361 $ 0.36 
Rapid City $ 16,660.72 35,651 $ 0.39 
Sioux Falls $ 10,455.79 30,174 $ 0.32 
All Locations $ 53,365.52 138,801 $ 0.36 

  
Location Diesel Costs Miles Costs per Mile 

Aberdeen $ 12,332.55 23,305 $ 0.53 
Pierre $ 5,166.54 14,718 $ 0.35 
Rapid City $ 15,691.54 41,336 $ 0.38 
Sioux Falls $ 7,206.05 19,342 $ 0.37 
All Locations $ 40,396.88 98,701 $ 0.41 

 
The results presented in Table 10 display a $0.05 per mile cost difference in favor of B5 biodiesel 
blended fuel based on the SDDOT fleet results. When comparing the costs per mile results for trucks 
fueled on B5 fuel and petroleum diesel fuel by location, the largest cost variation was observed in the 
Aberdeen trucks. 

Costs of fuel and maintenance were reviewed for the Aberdeen site, since a large difference appeared 
to exist between the trucks at this site. Truck DL083, operated on diesel fuel, had unusually high 
maintenance costs. This truck encountered $1555 in major preventative maintenance, $1685 in engine 
repair, $59 in exhaust repair, and $803 in “other repairs”. At the same time this truck experienced high 
repair costs, it was operated over 7870 total miles compared with 15,345, 17,310, and 18,485 miles for 
the other three trucks at Aberdeen. The high maintenance costs, and low miles for this one vehicle 
distorted the operating costs for the diesel fueled trucks. If the operating costs and miles for this single 
truck are removed from the totals the cost per mile for diesel trucks at Aberdeen falls to $0.34, which 
is quite similar to costs at other sites. Similarly if truck DL083 is removed from the totals the average 
per mile fuel and maintenance costs for all diesel trucks falls to $0.37 per mile, which is much closer 
to the $0.36 per mile encountered in the B5 fueled trucks.  

It is not clear what caused the higher repair costs for truck DL083. The repair codes available in the 
SDDOT record system only provide general categories for the description of repairs. It is not possible 
to determine from the computer records the nature of the engine repair, or the specific parts replaced 
as a part of major preventative maintenance. It is also not clear what caused truck DL083 to be 
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operated fewer miles. However, it is not the opinion of the researchers that this single truck is 
indicative of higher general maintenance costs for vehicles operated on petroleum diesel fuel.  

Figure 17: Fuel, Maintenance, and Total Cost Breakdown Per Mile 

The price competitiveness of B5 trucks on a cost per mile basis is driven by the fact that B5 fueled 
trucks ran over 40,000 more miles than diesel fueled trucks during the study and incurred less 
maintenance costs than trucks fueled on petroleum diesel fuel. Specifically, the maintenance costs 
pictured in Figure 10 totaled $14,800 for trucks fueled on petroleum diesel fuel, compared to $11,438 
for trucks fueled on B5 fuel. The difference in costs per mile between trucks fueled on B5 fuel and 
petroleum diesel fuel is further reflected in Figure 17, which categorizes the costs as fuel, 
maintenance, and total costs.  

Based on the results of the SDDOT fleet trial, maintenance costs when using B5 biodiesel blended fuel 
are expected to be comparable to those incurred when using petroleum diesel fuel. Since maintenance 
costs are expected to be similar, uncertainty associated with adopting biodiesel-blended fuel is 
generally related to changes in fuel prices. 

BIODIESEL FUEL PRICE SENSITIVITY 

As we have been able to observe from the prior information on the total fuel and maintenance costs of 
using B5, the actual costs for the fuel are approximately 70% of the total cost. This fact requires us to 
take a closer look at the actual costs of three different blends of biodiesel, B2, B5, and B20 which are 
2%, 5%, and 20% biodiesel respectively. These three different fuel blends were compared at three 
different diesel fuel prices and three different soybean oil prices to determine the possible economic 
impacts to the SDDOT.  

The three prices chosen for diesel fuel were $1.25, $1.50, and $1.75 per gallon, excluding all taxes. 
These represent a low, medium, and high price scenario for diesel fuel. As a baseline comparison for 
these prices we can compare prices from 2003 and current prices from May of 2004. The average price 
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for number two diesel fuel in the US during 2003 was $1.01 per gallon and in May of 2004 the price 
was $1.20 per gallon (Petroleum Marketing Monthly, July 2004). Due to supply uncertainties and 
increasing demand, the prices chosen may be slightly high but would be a more conservative estimate 
than using the lower 2003 price which could dramatically underestimate prices.  

The soybean oil prices chosen for this example were $.20, $.25, and $.30 per pound. These prices were 
obtained, or extrapolated, from Soybean Oil futures prices on the Chicago Board of Trade on 6/8/04. 
Soybean oil is traded on the board in 60,000 lb contracts. These prices correspond to soybean prices of 
approximately $4.00, $6.75, and $10.00 per bushel, also a low, medium, and high price scenario in the 
soybean market. In addition, a processing charge of $.50 per gallon is included to convert the soybean 
oil into B100 biodiesel. These prices were then converted into dollars per gallon of B100, using the 
factor of soybean oil weighing 7.2 lbs/gal. This transformation yields B100 prices of $1.95, $2.30, and 
$2.66 per gallon. Table 11 through Table 13 illustrate the price scenarios described above. 

 

Table 11: Cost of B2 Biodiesel Blended Fuel at Selected Prices 
Diesel Fuel 

B100 $1.25 $1.50 $1.75 
$1.95 $1.26 $1.51 $1.75 
$2.30 $1.27 $1.516 $1.76 
$2.66 $1.28 $1.52 $1.77 

 

Table 12: Cost of B5 Biodiesel Blended Fuel at Selected Prices 
Diesel Fuel 

B100 $1.25 $1.50 $1.75 
$1.95 $1.29 $1.52 $1.76 
$2.30 $1.30 $1.54 $1.78 
$2.66 $1.32 $1.55 $1.79 

 

Table 13: Cost of B20 Biodiesel Blended Fuel at Selected Prices 
Diesel Fuel 

B100 $1.25 $1.50 $1.75 
$1.95 $1.39 $1.59 $1.79 
$2.30 $1.46 $1.66 $1.86 
$2.66 $1.51 $1.71 $1.91 

 
As shown in Table 11 through Table 13, especially for the B2 and B5 blends, the addition of the 
higher priced B100 has a very small impact on price, generally from 1 to 5 cents per gallon, depending 
upon the B100 price used and the blend being examined. The price impact is greater for the B20 blend 
due to the greater amount of B100 being used in the blend.  
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STORAGE NEEDS 

The petroleum diesel fuel storage system for SDDOT is largely underground. Only one tank was an 
above ground storage tank for petroleum diesel fuel (Table 14).  

Table 14: Fuel Storage Location and Volume at SDDOT as of 2004 
Type of Tank Capacity (gal) Number Total Gallons 

1,000 23 23,000 
2,000 18 36,000 
2,500 10 25,000 
3,000 1 3,000 
4,000 2 8,000 
5,000 2 10,000 
6,000 1 6,000 
10,000 3 30,000 

Underground 

12,000 1 12,000 
Above Ground 2,000 1 2,000 
Total  62 155,000 
Transfer Tanks 20-120 122 7,084 

 
The SDDOT does not have a fuel tank cleaning policy in place, and several of these tanks have never 
been cleaned. Several of the persons who were contacted about these fuel storage tanks did not know 
when (if ever) the tanks were last cleaned. One might argue that a fuel tank cleaning policy should be 
part of regular fuel system maintenance. However, very few persons/companies who fuel with 
petroleum diesel fuel establish such a plan. This is primarily due to the fact that very few fuel tanks 
have an opening large enough for a man to move through and into the tank so that the tank can be 
completely cleaned. Much debris remain in the tank after such a “make-do” cleaning and the re-
suspended debris often finds its way into fuel filters, and in some instances disrupts fuel delivery to the 
engine. 

TASK 11: PREPARE INTERIM REPORT 
Prepare an interim report that presents preliminary findings, recommendations, and conclusions by 
December 15, 2002. 

A summary of existing biodiesel research was reported and included in the interim report submitted to 
the SDDOT.  

TASK 12: PREPARE GUIDELINES AND SPECIFICATIONS 
Prepare guidelines and specification for the potential phasing in of biodiesel fuel at all SDDOT 
locations.  

SDDOT provided a list of all SDDOT locations that used B5 as a part of this project. The SDDOT 
developed and sent out a questionnaire to all SDDOT locations in the state so that the researchers 
could determine the fueling equipment at each SDDOT facility. The questions in the questionnaire 
focused on: 1) the number and size of tanks, 2) the type of fuel stored, 3) the date when the tank was 
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last cleaned, 4) the date when the tank was last treated with a biocide, and 5) if the tank was treated, 
the biocide that was used to treat the tank (The questionnaire can be found in Appendix F). 

Based on the tank data collected and the data collected from the rest of the investigation, the 
researchers outlined the following implementation plan for SDDOT to begin using a biodiesel blend 
(the researchers are making the assumption that SDDOT would ensure that the biodiesel which was 
blended with the petroleum diesel fuel met or exceeded the specifications outlined in ASTM D6751). 

The biodiesel that is purchased for blending must meet or exceed the standards set forth in ASTM 
D6751. This is a requirement that all engine manufacturers expect vehicle operators to do when 
operating the vehicle. 

The biodiesel must be readily available. A contract will need to be drawn up with the local fuel 
distributors with an option to provide petroleum diesel fuel in the event that the fuel distributor is 
unable to deliver a biodiesel blend as required. 

In the event that fuel is NOT available, the SDDOT should have the option of using standard diesel 
fuel. Since low level blends, such as B5, are interchangeable with standard diesel fuel, changing fuels 
can be done as necessary to accommodate market issues or availability. 

• Cleaning of fuel storage tanks prior to a change to a blended fuel is not required. It is not 
common practice among fuel distributors to clean tanks unless the tank is to be used for 
gasoline rather than diesel fuel. The cost to clean each tank and dispose of the fuel from the 
bottom of the tank as hazardous waste is substantial (note the costs that were incurred when 
cleaning one tank is available from SDDOT). Further, since few of the tanks have a manhole 
access, it is virtually impossible to remove all of the debris that has settled to the bottom of the 
tank. If SDDOT feels a need to clean these tanks it should be a result of a regular tank 
cleaning system/program and not because they have decided to change to a biodiesel blend. 

• Fuel filters that filter the fuel on the storage tanks should have a water trap incorporated 
into the filter. This type of filter is readily available, and should already be in place at each 
SDDOT fueling station. 

• One set of fuel filters for each vehicle may need to be replaced earlier than you would 
otherwise change these filters.–Estimated cost is essentially the cost of one fuel filter for all 
vehicles that will be fueled with a B5 blend (1200 * $12.50/filter=$15,000) Rather than 
replace filters immediately when changing to the B5 blend, we encourage SDDOT to replace 
filters as needed and preferably during regular maintenance windows. If an engine is short on 
power, then a filter change is needed. If not, then SDDOT should operate the truck as if fueled 
with petroleum diesel fuel. 

• The distributor should deliver pre-blended fuel. (Cenex has already adopted this policy for 
their customers.) 

• Inform all vendors who bid on the biodiesel blend contract regarding expected 
procedures for blending biodiesel with the petroleum diesel fuel. (note the Biodiesel 
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Handling and Guidelines available from the National Renewable Energy Laboratory, 
NREL/TP-540-36182; November 2004) 

• Follow the existing SDDOT plan for number one vs. number two fuel usage patterns. 
(October through April is when number one fuel is used) 

TASK 13. PREPARE FINAL REPORT 
Prepare a final report and executive summary of the research methodology, findings, conclusions, and 
recommendations. 

In June 2004, Leon G. Schumacher, Daniel S. Humburg, Ajit K. Mahapatra, Gary L. Taylor and 
Tonya J. Hansen presented an overview of the findings to the Research Review Board outlining the 
research methods, findings, conclusions, and recommendations for the study. 

TASK 14. MAKE EXECUTIVE PRESENTATION 
Make an executive presentation to the SDDOT Research Review Board at the conclusion of the 
project. 

Leon G. Schumacher, Daniel S. Humburg, Gary L. Taylor and Tonya J. Hansen met on June 10, 2004 
with the Research Review Board and presented an overview of their findings. Their report focused on:  

 technical findings; 

 the state DOT survey; 

 the economic impact to SDDOT; 

 the tank survey; and 

 suggested guidelines for implementation of biodiesel fueling at SDDOT. 
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FINDINGS & CONCLUSIONS 

SURVEY OTHER STATE TRANSPORTATION DEPARTMENTS  
A total of 31 DOTs have used a biodiesel blend and 19 DOTs had conducted tests that compared the 
performance of a biodiesel blend with petroleum diesel fuel. A total of 15 states have tested B20, two 
states have tested B2, and one state has tested B5 and B10. A total of eight DOTs experienced fuel 
filter plugging problems during warm weather operation. However, most all the DOTs generally 
reported that the biodiesel blend was a seamless replacement for petroleum diesel fuel. A majority of 
the states have fueled with a soybean derived biodiesel blend. Of the 48 states that responded, only 
Minnesota had a mandate that will require fueling with a biodiesel blend. 

REVIEW SDDOT’S VEHICLE INVENTORY 
Over 1200 diesel engines are used in the SDDOT fleet. These engines are made by 75 different engine 
manufacturers (Cummins, Detroit Diesel, etc.). Further, SDDOT has vehicles that are manufactured by 
78 different companies (John Deere, Ford, etc.).  

Two important issues surfaced from this review. The first issue is that Case New-Holland (CNH) is 
the primary vendor that SDDOT will most likely turn to in the event material compatibility concerns 
surface with B5 fueling. CNH is responsible for the manufacture of over 60% of the engines in the 
SDDOT fleet due to the recent mergers of Case-International with Ford & New Holland. The second, 
and perhaps most important, is that over fifty percent of the SDDOT fleet is less than five years old. 
This is important because many of the engine manufacturers changed the composition of their fuel 
system gaskets to prevent leaks that surfaced with the introduction of low sulfur diesel fuel (500 ppm) 
in October of 1993. The composition of these gaskets are such that these engine fuel systems should 
not see any adverse affects from fueling with a biodiesel blend, as these compounds are relatively inert 
and not affected by the composition of a biodiesel blend. 

CNH raised four issues that they felt must be addressed when fueling with a biodiesel blend3. As noted 
below, these issues pertained to biodiesel solvency, blending, material compatibility, and fuel quality. 

 Fuel Quality—In the US, the biodiesel fuel is unregulated and the biodiesel fuel quality tends 
to be lower than the ASTM Standard. These fuel quality issues can have a significant impact 
on engine reliability and performance. In Europe, where more stringent standards for biodiesel 
fuel are in place, engines are warranted using higher blends of rape methyl ester (RME) 
biodiesel fuel. 

 Solvency—Biodiesel (B100) fuel acts as a solvent. When used in older vehicles, the biodiesel 
fuel can dissolve deposits left from previous fuels. When these particles enter the fuel system, 
filter plugging is the most common problem. 

                                                      
3 G. Stanek (personal communication, June 20, 2003) 
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 Blend—The higher the blend of biodiesel, the more problems should be expected. A B5 fuel 
would likely not cause any problems. When the blend is increased beyond B20, the issues 
associated with the solvency and material compatibility can increase rapidly. 

 Material Compatibility—In newer engines (post 1996) material compatibility should not be an 
issue for B5 blends. In older engines, particularly with worn and cracked fuel lines, problems 
are more likely to occur. Materials of concern are fuel lines, diaphragms in fuel transfer 
pumps, and seals and o-rings in fuel pumps. 

Several engine manufacturers (Deere, Cummins, Detroit, and International as well as the Engine 
Manufacturers Association) have issued position statements concerning fueling with a biodiesel blend. 
These statements can be found in Appendix B. 

TEST ENGINE COMPONENTS 
Although previous biodiesel research indicated that neat biodiesel caused problems with rubber 
elastomers, no elastomer problems were noted during the B5 test. NREL recently completed an 
elastomer compatibility research project (Appendix C) and is in the process of completing a second 
biodiesel similar project. NREL reported that another more extensive study was underway using soy 
and canola based B5 and B20 blend levels. Samples of biodiesel were treated to insure oxidative 
stability and samples of biodiesel were rapidly oxidized. These fuels were then used to prepare the B5 
and B20 blends for pump and injector durability testing. NREL was expected to release this 
information to the general public during the early months of 2005. This information will be of value to 
the SDDOT as these findings will add to the anecdotal evidence about elastomer compatibility while 
fueling with biodiesel. Since many of the diesel fueled vehicles in service at SDDOT are late model 
vehicles/engines, these data should provide insight concerning material compatibility for these 
engines. A website to check back for additional information is: http:/www./crcao.com.

EVALUATE OPERATIONAL PERFORMANCE 
Blending procedures used to mix biodiesel and petroleum diesel fuel were a concern identified by the 
SDDOT technical panel. An incident occurred during the demonstration that prevented two truck 
operators from refilling their fuel tanks at Aberdeen. The researchers believed that this may have been 
a result of improper blending of the biodiesel and diesel fuel. The biodiesel was heated to room 
temperature (~70 oF) to facilitate blending. However, the ambient temperature dropped to nearly 0 oF 
on the same day that biodiesel was blended with a new shipment of diesel fuel. If blending did not 
occur, then much of the biodiesel may have settled to the bottom of the fuel supply tank. And, since 
the suction pipe for the fuel storage tank fuel pump draws from a position that is near the bottom of the 
tank, this may have prevented the Brown County truck operators from filling their trucks with a 
biodiesel blend that day (unblended biodiesel freezes solid at 32 oF). One solution for the Brown 
County truck operators would have been to fill their fuel tanks with diesel fuel as no changes were 
made to the engine/vehicle when switching to the B5 blend. In short, the entire SDDOT fleet can be 
switched to 100 percent petroleum diesel fuel in the event of a fuel shortage. 
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It is important to note that while two of the Brown County trucks could not draw fuel from the fuel 
supply tank that cold day that the trucks had been filled the night before and completed their work for 
the next day using a B5 blend (fuel left over from a previous refueling). Further, the testing spanned 
two winters and no truck was taken out of service due to cold weather operation as a result of fueling 
with a biodiesel blend (11 SDDOT and 2 Brown County trucks were fueled with a B5 blend). 

The impact of a low level blend on engine performance was evaluated and the SDDOT fleet noted 
very small reductions in fuel economy (B5 =4.7 mpg; Diesel Fuel=4.9). This was expected, as the 
energy value [British Thermal Unit (BTU)] of a B5 blend is slightly lower than 100% number two 
diesel fuel. The operators did not report reductions in power or torque when fueled with B5. Engine oil 
analysis suggested that engine component wear was essentially the same in vehicles fueled with B5 as 
compared to diesel fueled engines.  

CONDUCT PHYSICAL AND CHEMICAL TESTS 
The diesel fuel met or exceeded the specifications established by ASTM D975. The biodiesel (B100) 
met or exceeded all specifications established by ASTM D6751 except flashpoint. The flashpoint for 
B100 sample was slightly lower than the standard in D6751 (114°C and 118°C versus 130°C). The 
researchers then examined ASTM D6751 in more detail. The flashpoint for biodiesel is intended to be 
100°C minimum. However, the specification for flashpoint in D6751 is set 30°C higher than this 
specification. This document explains why flashpoint was set higher when the ASTM committee 
developed D6751. This was because the committee members realized that this criterion was a cost 
effective way to determine excess amounts of unreacted alcohol that remained in the finished 
biodiesel. The researchers also noted that since the biodiesel would be mixed with diesel fuel 
(flashpoint minimum for ASTM D975 ranges from 38°C to 52°C), that the flashpoint of the B5 blend 
would still be significantly higher than the flashpoint specification established for either number one 
or number two diesel fuel in ASTM D975. 

Stability of diesel fuel is important as oxidative breakdown or biological conversion of the fuel can 
leave residues that can plug filters and adhere to injector pump parts reducing pump life. Stability is of 
particular concern in biodiesel as its compounds are considered to be more susceptible to oxidation 
than petroleum products. Fuel can be tested for changes in filterable residues over time as a measure of 
the stability of the fuel. 

Two types of stability tests were conducted on samples of the B5 blended fuel. A test of total 
insolubles filtration (ASTM D2276) was conducted on B5 that had been aged in the fuel tanks of two 
infrequently used trucks (Figure 9). An identical test was conducted on a sample of B5 that had been 
stored undisturbed in a barrel for the duration of the research project A sample of B5 was also 
subjected to an accelerated oxidative stability test (ASTM D2274) at the outset of the project. The 
accelerated test provided a total insolubles level of 3.2 mg/1000ml (Figure 9). Storage of the fuel in 
the truck fuel tanks for periods of approximately 6 months and one year respectively caused total 
insolubles in both samples to rise from a level of 2 to a level of 3 mg/1000 ml. The sample of fuel 
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stored in a barrel for the duration of the project produced a total insolubles filtration result of 4 
mg/1000ml. The results are in agreement with the accelerated test and are well below the 10 ppm level 
threshold that some major municipalities (New York) have set as a maximum allowable level for 
delivered diesel fuel. The researchers contacted the fuel suppliers to determine if any anti-oxidants or 
other fuel additives had been added to either the biodiesel or the diesel fuel. The biodiesel suppliers 
reported that only pour point depressants had been added to the biodiesel. The importance of these 
findings is significant. First, this means that the fuel which was delivered for use with the project was 
a fuel that met the standards as established by ASTM D975 and ASTM D6751. Second, and more 
importantly, this finding suggests that if the fuel tank of a vehicle were topped off with B5 and 
subsequently not used for several months, that the B5 fuel should not age prematurely.  

EVALUATE VEHICLE MAINTENANCE HISTORIES  
As noted in the findings in Task Ten, the diesel “fueled” engines had higher maintenance and repair 
costs than the B5 fueled diesel engines. Several comparisons were made with the data from the engine 
oil analysis samples. All engine oil analysis data were found to be within normal levels for both the B5 
and the diesel fueled engines. In short, these comparisons showed no differences between the levels of 
wear metals found in the used engine oil analysis samples regardless of the fuel used to fuel each 
engine. 

The trucks were in a good state of repair at the beginning of the test, and only a limited number of 
parts were replaced on the diesel “fueled” engines and the B5 fueled engines. The researchers felt that 
the parts that were replaced were items that would have been replaced regardless of the fuel used to 
fuel the engine. For example, the copper tubes surrounding the injectors in the heads cracked on an 
engine that was fueled with diesel fuel. One B5 fueled engine underwent a major overhaul. The valve 
keeper came loose and this allowed the valve to move down toward the piston. The end result was that 
the valve was imbedded in the top of the piston. One of the diesel fueled engines turned a main 
bearing. The engine for this truck was replaced with a factory rebuild and put back into service. In 
each case the repairs that resulted were not attributed to the fuel (diesel vs. B5) that was used to fuel 
the engine.  

ASSESS COSTS, BENEFITS, AND ECONOMIC IMPACT 
For no reason known by the researchers, the diesel “fueled” engines had a higher mortality rate, 
resulting in higher engine repairs for these engines and ultimately the total replacement of one diesel 
“fueled” engine. The researchers felt that the condition of the engine, as reported by the technicians, 
was not a result of fuel used, but normal engine mortality. As such, these expenses were removed from 
the calculations, reducing the difference between the maintenance costs for the diesel “fueled” as 
compared to the B5 fueled engines to five cents. Maintenance costs for B5 biodiesel blended fuel were 
similar to petroleum diesel fuel. Diesel engines, for the most part had higher maintenance costs for 
preventative maintenance, engine replacement, and fuel system repairs. B5 engines, for the most part, 
had higher repair costs for lubrication and inspection, engine repairs, exhaust, and other repairs. 
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Economic analyses of biodiesel fueling indicated that the substitution of the higher priced B100 (when 
blending) had a very small impact on price, generally from 1 to 5 cents per gallon ($0.02/gallon for the 
SDDOT). This price varied depending on the B100 price used and the blend used to fuel the engine. 
The cost differential for implementation of a B5 blend will become much less as the cost of petroleum 
diesel fuel approaches $2.00 per gallon. This is due to the fact that as petroleum costs increase the cost 
of petroleum moves closer to the market cost of biodiesel. (Note: At the time of the study 100% 
biodiesel sold for ~$2.30 / gallon.  

PREPARE GUIDELINES AND SPECIFICATIONS 
A survey of fuel storage tanks at SDDOT was conducted to determine how SDDOT stores fuel across 
the state. The fact that over 98 percent of SDDOT’s fuel is stored underground is significant. This type 
of fuel storage reduces the likelihood that fuel would gel even in extremely cold weather. Further, the 
temperature of the fuel would be relatively constant in comparison to fuel that is stored above ground. 
Finally, if the biodiesel could not be blended prior to delivery, the temperature below ground would 
facilitate homogenous blending of the biodiesel with the petroleum diesel fuel. This is due to the fact 
that underground fuel tanks are typically set below the frost line, thus resulting in a more uniform 
daily fuel temperature in the storage tank. Ultimately, the guidelines published by the National 
Renewable Energy Laboratory should be reviewed concerning appropriate blending practices prior to 
moving forward (. Biodiesel Handling and Use Guidelines. Report No. NREL/TP-540-36182; 
November 2004). 

Much of the knowledge developed as a result of this task is found in the Implementation 
Recommendations section of this report. These recommendations were developed based on the 
findings of the investigation, the aforementioned fuel storage investigation, as well as the researchers’ 
review of literature.  
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IMPLEMENTATION RECOMMENDATIONS 
The researchers outlined the following implementation plan for SDDOT to begin using a biodiesel 
blend under Task 12. Again, the researchers cannot emphasize enough the importance of purchasing 
biodiesel that meets or exceeds the specifications set forth by the American Standard of Testing 
Materials D6751. In addition regular fuel tank maintenance and fuel filter maintenances procedures, as 
recommended by the original equipment manufacturer must be adhered to by the truck drivers and 
truck maintenance personnel.  

The biodiesel that is purchased for blending must meet or exceed the standards set forth in ASTM 
D6751. This is a requirement that all engine manufacturers expect vehicle operators to follow when 
operating the vehicle. 

The biodiesel must be readily available. A contract will need to be drawn up with the local fuel 
distributors with an option to provide petroleum diesel fuel in the event that the fuel distributor is 
unable to deliver a biodiesel blend as required. 

In the event that biodiesel or B5 is NOT available, the SDDOT should have the option of using 
standard diesel fuel. Since low level blends, such as B5, are interchangeable with standard diesel fuel, 
changing fuels can be done as necessary to accommodate market issues or availability. 

• Cleaning of fuel storage tanks prior to a change to a blended fuel is not required. It is not 
common practice among fuel distributors to clean tanks unless the tank is to be used for 
gasoline rather than diesel fuel. The cost to clean each tank and dispose of the fuel from the 
bottom of the tank as hazardous waste is substantial. Further, since few of the tanks have a 
manhole access, it is virtually impossible to remove all of the debris that has settled to the 
bottom of the tank. If SDDOT feels a need to clean these tanks it should be a result of a 
regular tank cleaning system/program and not because they have decided to change to a 
biodiesel blend. 

• Fuel filters that filter the fuel on the storage tanks should have a water trap incorporated 
into the filter. This type of filter is readily available, and should already be in place at each 
fueling station. 

• One set of fuel filters for each vehicle may need to be replaced earlier than you would 
otherwise change these filters. Estimated cost is essentially the cost of one fuel filter for all 
vehicles that will be fueled with a B5 blend (1200 * $12.50/filter=$15,000) Rather than 
replace filters immediately when changing to the B5 blend, we encourage SDDOT to replace 
filters as needed and preferably during regular maintenance windows. If an engine is short on 
power, then a filter change is needed. If not, then SDDOT should operate the truck as if fueled 
with petroleum diesel fuel. 

• The distributor should deliver pre-blended fuel. (Cenex has already adopted this policy for 
their customers.) 
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• Inform all vendors who bid on the biodiesel blend contract regarding expected 
procedures for blending biodiesel with the petroleum diesel fuel. (note the Biodiesel 
Handling and Guidelines available from the National Renewable Energy Laboratory– 
NREL/TP-540-36182; November 2004) 

• Follow the existing SDDOT plan for number one vs. number two usage patterns. 
(October through April is when number one fuel is used) 
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ANALYSIS OF RESEARCH BENEFITS 
The use of B5 by SDDOT fleets can provide benefits to both the South Dakota state government as 
well as the people of South Dakota. Our evaluation of the use of B5 fuels in SDDOT storage facilities 
and fleets suggests that the use of a low level blend (B5) did not significantly impact the day to day 
operation of the SDDOT fleet. Small differences were noted concerning fuel economy but this was 
expected as the energy content of biodiesel is lower than number two diesel fuel.  

This research identified key issues associated with the implementation of a biodiesel blend fueling 
program and identified solutions that will insure a prompt and effective transition to fueling with 
biodiesel blends. 

Although this research did not focus on the state-wide economic benefits of B5 fueling, the researchers 
documented through their review of literature that biodiesel fuel has been shown to decrease many 
types of regulated engine exhaust emissions from diesel engines.  

State-wide economic benefits also exist. The use of biodiesel should stimulate a new industry in South 
Dakota- the sale (and possibly the production) of biodiesel. Approximately 146 million gallons of 
diesel fuel are consumed in South Dakota by automobiles and trucks for transportation (Energy 
Information Administration, 2001). Approximately 114 million gallons of dyed diesel fuel is 
consumed by agriculture and other non-road taxed operations in South Dakota. This brings the total 
gallons of diesel fuel used by South Dakota to 260 million gallons. According to the same source, 
these numbers are increasing each year at the rate of one million gallons. Replacing five percent of 
these amounts represents 7,300,000 to 13,000,000 gallons of biodiesel that has a market value of 
ranging from $2.50–$3.50 per gallon.  
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Brief Survey of Biodiesel Use in State DOTs 
 

 As a part of a research effort involving the use of biodiesel blends in road maintenance trucks 
we are surveying departments of transportation across the U.S. with regard to their experience with 
biodiesel. We understand that your time is valuable and have tried to structure this survey to allow you 
to proceed quickly. The first few questions may be best answered by a program officer within the 
DOT. Many of the other questions may be more easily answered by an individual in charge of fleet 
maintenance and monitoring. The survey may be saved and forwarded as necessary to the 
appropriate individuals via E-Mail. Once complete, we request that it be forwarded or E-mailed to 
daniel_humburg@sdstate.edu.
 
Thank you very much for your time. 
Dr. Leon G. Schumacher    Dr. Daniel S. Humburg 
University of Missouri – Columbia   South Dakota State University 
  
 Please answer by marking the appropriate box preceding the appropriate response. In questions 
requesting additional input you may type in the underline area as necessary. Don’t worry about 
formatting your response. 
 
1) Are you aware of any effort in your state to mandate the use of biodiesel in any blend? 

 Yes 

 No 

 
2) If a mandate has been enacted, or is being considered, 

 a) What is the blend percentage involved or proposed?       

 b) When would the mandate take effect?       

 

3) Has your department of transportation used or tested the use of biodiesel fuel in any way at 

this time? 

  Yes  Proceed to question 6. 

 No 

 

4) Has your department of transportation studied or considered using biodiesel or a biodiesel 

blend? 

 Yes 

 No In this case you need proceed no further, but please forward this survey with 

your marked responses to daniel_humburg@sdstate.edu. Thank you for your time. 
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5) If you considered a biodiesel blend but elected not to use it at this time, what factors affected 

your department’s decision? Check all that apply. 

  a) Cost of fuel 

  b) Questions regarding storage 

  c) Questions regarding performance or endurance 

  d) Questions regarding cold weather properties of the fuel 

  e) Other factors ?  

6) When did you begin to use or test the use of biodiesel blends?         

7) What is the feedstock for the biodiesel blend used? 

  a) Soy Methyl Ester? 

  b) Rape Methyl Ester? 

  c) Yellow Grease? 

  d) Other? 

  e) Don’t know 

8) What is your petroleum component? 

  a) #2 diesel year around 

  b) #1 diesel during the months of       

  c) Blend of      #1 and      #2 during the months of  

9) How is your fuel blended? 

  a) Blended at a terminal and delivered by pipeline? 

  b) Blended at a terminal and “splash mixed” in a tanker delivery vehicle? 

  Biodiesel added atop petroleum? 

  Petroleum added atop biodiesel? 

  c) Blended in your storage tank(s)? 

  d) Blended at the point of fueling in the vehicle fuel tank? 

  e) Other  

  f) Don’t know 

10) Have you made changes in your fuel storage routines to accommodate biodiesel blends? If so, 

what type of changes?       

11) Have you made changes in your storage system to accommodate biodiesel blends in cold 

weather storage differently? 

  a) Yes. ..... What type of accommodations?        

  b) No changes needed. 
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12) What type of vehicles are utilizing the biodiesel blend fuel? 

  a) Road maintenance trucks 

  b) Off-road machinery (tractors, payloaders, skidsteers, etc) 

  c) Other diesel equipment 

  d) All diesel engines in the fleet 

13) Are you tracking, or have you tracked performance in biodiesel fueled vehicles for 

comparison to other fuels? 

  Yes  

  No If so, how?       

14) Since beginning the use of biodiesel, have you experienced any documented or anecdotal 

problems with filtering fuel that you consider in excess of your experience with petroleum 

fuel? 

  a) No problems? Skip to question 18  

  b) Filters plugging at the pump? 

  c) Filters plugging at the engine? 

  d) Any unusual residue or material noted in the filter or fuel system? 

 If so... can you describe the type of material that appeared to plug the filter? 

       

  e) Were you able to identify the material causing filter problems?        

15) If you encountered fuel filter problems, have you found these problems to persist (repeat), or 

have they abated?       

16) If you encountered fuel filter problems, did the problems occur across different fuel filter 

types, or in a particular filter type and system? 

  a) Multiple types of filters 

  b) One type  What were the types?        

  c) Don’t know. 

17) Did they do anything to fix the problem?       

18) Have you encountered any problems associated with cold weather and the fuel? 

  a) No cold weather problems?  

  b) Plugging of engine fuel filters under very cold conditions 

  c) Gelling of fuel in vehicle supply lines 

 d) Other problems that you associate with cold weather?  

 

  

August 2005 66 Potential Impact of Biodiesel on SDDOT 



 

19) Have you or your operators noted any differences in vehicle power when using biodiesel? 

 Yes   More or  Less 

 No  

20) Have you noticed or documented any change in vehicle fuel efficiency (mileage) since 

beginning the use of biodiesel or biodiesel blends? 

  a) Not measured 

  b) No change noted 

 c) Documented difference of       mpg when compared to historical use of petroleum 

21) Have you noticed or documented any differences in fuel pump or injector durability in 

vehicles using biodiesel or biodiesel blends? 

  a) Not monitored.  

  b) Fuel systems routinely monitored, but no differences detected. 

  c) Fuel pump problems have been encountered. Please describe in a few words the types 

of problems:        

22) Have you noticed any differences in used engine oil analyses from engines operating on a 

biodiesel blend? 

  a) No changes noted.  

  b) Change in viscosity  

  c) Change in oil acidity  

 d) Change in other oil characteristic  e) Change in indicated engine wear?  

 More or  Less 

23) Have you found reason to alter your oil change interval in vehicles utilizing a biodiesel blend?  

  a) No.  

  b) How has your oil maintenance schedule changed?       

24) Have any parts of your engines’ fuel systems developed fuel leaks since the change to a 

biodiesel blend, including leaks in fuel lines? 

  a) None noted  Skip to question 25 

  b) Leaks have developed. 

i) Do you know the engine type and manufactured year for models that developed 

leaks?        

ii) Can you identify the component that caused the leak? Fuel supply return hose, fuel 

pump O ring, gasket, etc?        
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25) Have you encountered any other vehicle maintenance issues that you believe to be associated 

with the use of biodiesel blend in your fleet? 

 Yes Please briefly describe the problem or issue.        

 No 

 

Thank you for taking the time to answer these questions. Please forward this marked survey as an 

attachment to daniel_humburg@sdstate.edu.  
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APPENDIX B: ENGINE MANUFACTURERS’ POSITION 
STATEMENTS CONCERNING THE USE OF BIODIESEL 
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CATERPILLAR 
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JOHN DEERE 
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DETROIT DIESEL ENGINE COMPANY 
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 CUMMINS ENGINE COMPANY  
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INTERNATIONAL ENGINE CORPORATION 
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ENGINE MANUFACTURERS ASSOCIATION 
 

Engine   Two North LaSalle Street 
   Manufacturers  Suite 200 
   Association  Chicago, IL 60602 
www.enginemanufacturers.org  Tel: 312/827-8700 
      Fax: 312/827-8737 
 

TECHNICAL STATEMENT ON THE USE OF BIODIESEL FUEL IN 
COMPRESSION IGNITION ENGINES 

Introduction 
  
The Engine Manufacturers Association (“EMA”) is an international membership organization 
representing the interests of manufacturers of internal combustion engines.  
 
 In 1995, EMA published a “Statement on the Use of Biodiesel Fuels for Mobile 
Applications.” Since that time, increased worldwide interest in reducing reliance on petroleum-based 
fuels and improving air quality has led many stakeholders, including engine manufacturers, to 
continue to investigate the use of alternative, renewable fuels, including biodiesel fuels, as a substitute 
for conventional diesel fuel. In addition, recent government proposals in the United States and Europe 
have called for incentives or mandates to increase the production and use of such renewable fuels.  
 
 This Statement, which takes into consideration additional laboratory and field research 
conducted since the publication of the 1995 Statement, sets forth EMA’s position on the use of 
biodiesel fuels with current engine technologies. It should be noted, however, that only limited data is 
available regarding the use of biodiesel with those technologies that have been, or are about to be, 
introduced to meet the (US) Environmental Protection Agency’s (“EPA’s”) 2004 heavy-duty on-
highway emission standards. Moreover, because of the absence of available data, the Statement does 
not address the potential use of biodiesel fuels with advanced emission control technologies, including 
aftertreatment systems designed for future ultra-low emission engines.  
 
Biodiesel  
 
 Biodiesel fuels are methyl or ethyl esters derived from a broad variety of renewable sources 
such as vegetable oil, animal fat and cooking oil. Esters are oxygenated organic compounds that can 
be used in compression ignition engines because some of their key properties are comparable to those 
of diesel fuel.  
 
 “Soy Methyl Ester” diesel (“SME” or “SOME”), derived from soybean oil, is the most 
common biodiesel in the United States. “Rape Methyl Ester” diesel (“RME”), derived from rapeseed 
oil, is the most common biodiesel fuel available in Europe. Collectively, these fuels are sometimes 
referred to as “Fatty Acid Methyl Esters” (“FAME”).  
 
 Biodiesel fuels are produced by a process called transesterification, in which various oils 
(triglycerides) are converted into methyl esters through a chemical reaction with methanol in the 
presence of a catalyst, such as sodium or potassium hydroxide. The by-products of this chemical 
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reaction are glycerols and water, both of which are undesirable and need to be removed from the fuel 
along with traces of the methanol, unreacted triglycerides and catalyst. Biodiesel fuels naturally 
contain oxygen, which must be stabilized to avoid storage problems. Although biodiesel feedstock 
does not inherently contain sulfur, sulfur may be present in biodiesel fuel because of contamination 
during the transesterification process and in storage.  
 
Biodiesel Specifications  
 
 Biodiesel is produced in a pure form (100% biodiesel fuel referred to as “B100” or “neat 
biodiesel”) and may be blended with petroleum-based diesel fuel. Such biodiesel blends are designated 
as BXX, where XX represents the percentage of pure biodiesel contained in the blend (e.g., “B5,” 
“B20”).  
 
 Several standard-setting organizations worldwide have recently adopted biodiesel 
specifications. Specifically, ASTM International recently approved a specification for biodiesel 
referenced as D 6751. In addition, German authorities have issued a provisional specification for 
FAME under DIN 51606. And, Europe’s Committee for Standardization (“CEN”) is in the final stages 
of setting a technical standard for biofuels to be referred to as EN 14214. The European specifications 
include more stringent limits for sulfur and water, as well as a test for oxidation stability, which is 
absent from the current ASTM specification.  
 
 Depending on the biomass feedstock and the process used to produce the fuel, B100 fuels 
should meet the requirements of either ASTM D 6751 or an approved European specification, such as 
DIN 51606 or EN 14214 (once adopted).  
 
 In addition, it should be noted that the National Biodiesel Board has created the National 
Biodiesel Accreditation Commission to develop and implement a voluntary program for the 
accreditation of producers and marketers of biodiesel. The Commission has developed a standard 
entitled, “BQ-9000, Quality Management System Requirements for the Biodiesel Industry,” for use in 
the accreditation process.  
 
Biodiesel Blends  
 
 Public and private bodies recently have taken positions regarding the use of biodiesel blends. 
For example, the (United States) Energy Policy Act of 1992 (“EPACT”) was amended in 1998 to 
allow covered fleets to use biodiesel to fulfill up to fifty percent (50%) of their annual alternative fuel 
vehicle (AFV) acquisition requirements. Under EPACT’s Biodiesel Fuel Use Credits provisions, 
covered fleets are allocated one biodiesel fuel use credit (the equivalent of a full vehicle credit) for 
each 450 gallons of B100 purchased and consumed. Such credits are awarded only if the blended fuel 
contains at least twenty percent biodiesel (B20) and is used in new or existing vehicles weighing at 
least 8500 pounds. No credits are awarded for biodiesel used in a vehicle already counted as an AFV.  
 
 During the same time period, however, a consortium of diesel fuel injection equipment 
manufacturers (“FIE Manufacturers”) issued a position statement concluding that blends greater than 
B5 can cause reduced product service life and injection equipment failures.1 According to the FIE 
Manufacturers’ Position Statement, even if the B100 used in a blend meets one or more specifications, 
“the enhanced care and attention required to maintain the fuels in vehicle tanks may make for a high 
risk of noncompliance to the standard during use.” As a result, the FIE Manufacturers disclaim 
responsibility for any failures attributable to operating their products with fuels for which the products 
were not designed.  
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 Based on current understanding of biodiesel fuels and blending with petroleum-based diesel 
fuel, EMA members expect that blends up to a maximum of B5 should not cause engine or fuel system 
problems, provided the B100 used in the blend meets the requirements of ASTM D 6751, DIN 51606, 
or EN 14214. If blends exceeding B5 are desired, vehicle owners and operators should consult their 
engine manufacturer regarding the implications of using such fuel.  
 
Engine Operation, Performance and Durability  
 
 The energy content of neat biodiesel fuel is about eleven percent (11%) lower than that of 
petroleum-based diesel fuel (on a per gallon basis), which results in a power loss in engine operation. 
The viscosity range of biodiesel fuel, however, is higher than that of petroleum-based diesel fuel (1.9 – 
6.0 centistokes versus 1.3 – 5.8 centistokes), which tends to reduce barrel/plunger leakage and thereby 
slightly improve injector efficiency. The net effect of using B100, then, is a loss of approximately five 
to seven percent (5-7%) in maximum power output. The actual percentage power loss will vary 
depending on the percentage of biodiesel blended in the fuel. Any adjustment to the engine in service 
to compensate for such power loss may result in a violation of EPA’s anti-tampering provisions. To 
avoid such illegal tampering, as well as potential engine problems that may occur if the engine is later 
operated with petroleum-based diesel fuel, EMA recommends that users not make such adjustments.  
 
 Neat biodiesel and higher percentage biodiesel blends can cause a variety of engine 
performance problems, including filter plugging, injector coking, piston ring sticking and breaking, 
elastomer seal swelling and hardening/cracking, and severe engine lubricant degradation. At low 
ambient temperatures, biodiesel is thicker than conventional diesel fuel, which would limit its use in 
certain geographic areas. In addition, elastomer compatibility with biodiesel remains unclear; 
therefore, when biodiesel fuels are used, the condition of seals, hoses, gaskets, and wire coatings 
should be monitored regularly.  
There is limited information on the effect of neat biodiesel and biodiesel blends on engine durability 
during various environmental conditions. More information is needed to assess the viability of using 
these fuels over the mileage and operating periods typical of heavy-duty engines.  
1 See, “Diesel Fuel Injection Equipment Manufacturers Common Position Statement on Fatty Acid Methyl Ester Fuels as a 
Replacement or Extender for Diesel Fuels” (May 1, 1998).  
 
Emission Characteristics  
 
 In October 2002, U.S. EPA released a draft report entitled, “A Comprehensive Analysis of 
Biodiesel Impacts on Exhaust Emissions.” The draft technical report can be found on the EPA Web 
site at: http://www.epa.gov/otaq/models/biodsl.htm. 
 
 Use of neat biodiesel and biodiesel blends in place of petroleum-based diesel fuel may reduce 
visible smoke and particulate emissions, which are of special concern in older diesel engines in non-
attainment areas. In addition, B100 and biodiesel blends can achieve some reduction in reactive 
hydrocarbons (“HC”) and carbon monoxide (“CO”) emissions when used in an unmodified diesel 
engine. Those reductions are attributed to the presence of oxygen in the fuel. Oxygen and other 
biodiesel characteristics, however, also increase oxides of nitrogen (“NOx”) in an unmodified engine. 
As a result, B100 and biodiesel blends produce higher NOx emissions than petroleum-based diesel 
fuel. As such, EMA does not recommend the use of either B100 or biodiesel blends as a means to 
improve air quality in ozone non-attainment areas.  
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Storage and Handling  
 
 Biodiesel fuels have shown poor oxidation stability, which can result in long-term storage 
problems. When biodiesel fuels are used at low ambient temperatures, filters may plug, and the fuel in 
the tank may thicken to the point where it will not flow sufficiently for proper engine operation. 
Therefore, it may be prudent to store biodiesel fuel in a heated building or storage tank, as well as heat 
the fuel systems’ fuel lines, filters, and tanks. Additives also may be needed to improve storage 
conditions and allow for the use of biodiesel fuel in a wider range of ambient temperatures. To 
demonstrate their stability under normal storage and use conditions, biodiesel fuels, tested using 
ASTM D 6468, should have a minimum of 80% reflectance after aging for 180 minutes at a 
temperature of 150°C. The test is intended to predict the resistance of fuel to degradation at normal 
engine operating temperatures and provide an indication of overall fuel stability.  
 
 Biodiesel fuel is an excellent medium for microbial growth. Inasmuch as water accelerates 
microbial growth and is naturally more prevalent in biodiesel fuels than in petroleum-based diesel 
fuels, care must be taken to remove water from fuel tanks. The effectiveness of using conventional 
anti-microbial additives in biodiesel is unknown. The presence of microbes may cause operational 
problems, fuel system corrosion, premature filter plugging, and sediment build-up in fuel systems.  
 
Health & Safety  
 
 Pure biodiesel fuels have been tested and found to be nontoxic in animal studies. Emissions 
from engines using biodiesel fuel have undergone health effects testing in accordance with EPA Tier II 
requirements for fuel and fuel additive registration. Tier II test results indicate no biologically 
significant short term effects on the animals studied other than minor effects on lung tissue at high 
exposure levels. Biodiesel fuels are biodegradable, which may promote their use in applications where 
biodegradability is desired (e.g., marine or farm applications). Biodiesel is as safe in handling and 
storage as petroleum-based diesel fuel.  
 
Warranties  
 
 Engine manufacturers are legally required to provide an emissions warranty on their products 
(which are certified to EPA’s diesel fuel specification) and, typically, also provide commercial 
warranties. Individual engine manufacturers determine what implications, if any, the use of biodiesel 
fuel has on the manufacturers’ commercial warranties. It is unclear what implications the use of 
biodiesel fuel has on emissions warranty, in-use liability, anti-tampering provisions, and the like. As 
noted above, however, more information is needed on the impacts of long-term use of biodiesel on 
engine operations.  
 
Economics  
 
 The cost of biodiesel fuels varies depending on the basestock, geographic area, variability in 
crop production from season to season, and other factors. Although the cost may be reduced if 
relatively inexpensive feedstock, such as waste oils or rendered animal fat, is used instead of soybean, 
corn or other plant oil, the average cost of biodiesel fuel nevertheless exceeds that of petroleum-based 
diesel fuel.  
 
 That said, users considering conversion to an alternative fuel should recognize that the relative 
cost of converting an existing fleet to biodiesel blends is much lower than the cost of converting to any 
other alternative fuel because no major engine, vehicle, or dispensing system changes are required.  
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Conclusions  
 
• Depending on the biomass feedstock and the process used to produce the fuel, B100 fuels 

should meet the requirements of either ASTM D 6751 or an approved European specification.  
• Biodiesel blends up to a maximum of B5 should not cause engine or fuel system problems, 

provided the B100 used in the blend meets the requirements of ASTM D 6751, DIN 51606, or 
EN 14214. Engine manufacturers should be consulted if higher percentage blends are desired.  

• Biodiesel blends may require additives to improve storage stability and allow use in a wide 
range of temperatures. In addition, the conditions of seals, hoses, gaskets, and wire coatings 
should be monitored regularly when biodiesel fuels are used.  

• Although the actual loss will vary depending on the percentage of biodiesel blended in the 
fuel, the net effect of using B100 fuel is a loss of approximately 57% in maximum power 
output.  

• Neat biodiesel and biodiesel blends reduce particulate, HC and CO emissions and increase 
NOx emissions compared with petroleum-based diesel fuel used in an unmodified diesel 
engine. Neither B100 nor biodiesel blends should be used as a means to improve air quality in 
ozone non-attainment areas.  

• Biodiesel fuels have generally been found to be nontoxic and are biodegradable, which may 
promote their use in applications where biodegradability is desired.  

• Individual engine manufacturers determine what implications, if any, the use of biodiesel fuel 
has on the manufacturers’ commercial warranties.  

• Although several factors affect the cost of biodiesel fuel, its average cost exceeds that of 
petroleum-based diesel fuel. The relative cost of converting an existing fleet to biodiesel 
blends, however, is much lower than the cost of converting to other alternative fuel.  

 
 
DATED: February 2003  
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APPENDIX C: ELASTOMER COMPATIBILITY TESTING OF 
RENEWABLE DIESEL FUELS 
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Elastomer Fuel Specimen ID 

Inside 
Diameter 

(in) 

Outside 
Diameter 

(in) 

O-ring 
Diameter 

(in) 

Break
Load 
(lbs) 

Std Dev 
Break 
Load 
(lbs) 

95% CI 
Break 
Load 
(lbs) 

Break 
Stress 
(psi) 

Std Dev 
Break 
Stress 
(psi) 

95% CI 
Break 
Stress 
(psi) 

Average 
Break 
Stress 
(psi) 

Volume 
(in^3) 

Volume 
(in^3) 

Volume 
(in^3) 

1 1.034 1.182 0.0743 14.08 1626 0.015078 0.015169 6.65E-05
2 1.033 1.182 0.0746 16.83 1927 0.015199 
3 1.031 1.180 0.0745 16.58 1.26 1.24 1904 140 138 0.015135 

CL02-576 

4 1.036 1.185 0.0746 15.36 1756

1803 

0.015262 
1 1.072 1.226 0.0774 12.55 1336 0.016967 0.017373 0.00026
2 1.075 1.231 0.0782 11.83 1231 0.017415 
3 1.068 1.227 0.0791 13.30 1.14 1.11 1353 116 113 0.017726 

CL02-577 

4 1.068 1.225 0.0784 10.63 1102

1255 

0.017384 
1 1.029 1.177 0.0740 15.36 1785 0.014916 0.014671 0.000294
2 1.029 1.176 0.0734 15.37 1816 0.014666 
3 1.031 1.174 0.0722 14.66 3.07 3.01 1792 28 28 0.014175 

N647 
 

CL02-578 

4 1.029 1.177 0.0740 15.91 1848

1811 

0.014926 
1 1.185 1.324 0.0694 12.48 1648 0.014928 0.015211 0.000159
2 1.180 1.321 0.0705 12.26 1572 0.015328 
3 1.182 1.323 0.0703 12.22 0.12 0.12 1575 35

CL02-576 

34 0.015269 
4 1.188 1.329 0.0702 12.38 1598

1598 

0.015317 
1 1.225 1.372 0.0734 11.28 1335 0.017248 0.016466 0.000935
2 1.225 1.372 0.0735 11.39 1343 0.017311 
3 1.230 1.366 0.0682 11.01 0.16 0.16 1507 436 427 0.014905 

CL02-577 

4 1.219 1.363 0.0718 11.19 1384

1392 

0.016403 
1 1.185 1.323 0.0694 11.80 1559 0.014918 0.015207 0.000226
2 1.189 1.330 0.0708 12.00 1527 0.015558 
3 1.173 1.314 0.0705 12.49 0.31 0.30 1601 34 33 0.015247 

N0497 
 

CL02-578 

4 1.175 1.315 0.0701 12.29 1592

1570 

0.015104 
1 1.243 1.386 0.0713 16.59 2078 0.016491 0.016964 0.000456
2 1.238 1.383 0.0730 17.36 2074 0.017239 
3 1.242 1.385 0.0714 17.66 2.56 2.51 2206 347 341 0.016527 

CL02-576 

4 1.248 1.395 0.0735 12.16 1435

1948 

0.017599 
1 1.282 1.429 0.0733 9.34 1106 0.017993 0.01733 0.000521
2 1.283 1.423 0.0703 12.79 1649 0.016494 
3 1.276 1.421 0.0726 12.10 1.52 1.49 1464 227 223 0.017509 

CL02-577 

4 1.275 1.419 0.0722 11.99 1465

1421 

0.017325 
1 1.232 1.369 0.0688 6.97 939 0.015172 0.016084 0.000575
2 1.242 1.382 0.0702 16.84 2179 0.015934 
3 1.241 1.384 0.0715 18.15 5.00 4.90 2260 605 593 0.016567 

N1059 
 

CL02-578 

4 1.238 1.382 0.0718 14.69 1815

1798 

0.016664 
1 0.863 1.001 0.0693 13.91 1845 0.011044 0.011109 0.000441
2 0.874 1.008 0.0669 13.73 1953 0.010397 
3 0.868 1.008 0.0702 14.51 0.36 0.35 1877 183 179 0.011394 

CL02-576 

4 0.863 1.005 0.0710 13.77 1742

1854 

0.011603 
1 0.898 1.041 0.0718 9.88

V747 
 

1222 0.012321 0.011957 0.000233
2 0.893 1.033 0.0700 9.41 1223 0.011643 

CL02-577 999 

3 0.900 1.041 0.0707 9.66 3.59 3.51 1232 453 444 0.011955 
4 0.900 1.041 0.0705 2.49 319 0.011909 
1 0.861 1.007 0.0731 15.02 1789 0.012324 0.01169 0.00065
2 0.854 1.001 0.0736 14.32 1685 0.012393 
3 0.875 1.011 0.0684 13.76 0.56 0.55 1871 83 81 0.010901 

CL02-578 

4 0.871 1.010 0.0693 13.93 1848

1798 

0.011141 
1 0.986 1.124 0.0688 13.21 1778 0.012319 0.012571 0.000182
2 0.981 1.120 0.0695 13.00 1712 0.012536 
3 0.992 1.130 0.0693 13.46 0.19 0.18 1784 37 36 0.012579 

CL02-576 

4 0.993 1.133 0.0700 13.25 1723

1749 

0.012850 
1 1.008 1.151 0.0719 10.28 1266 0.013783 0.013951 0.00052
2 1.013 1.154 0.0709 9.93 1259 0.013433 
3 1.015 1.164 0.0743 10.10 0.37 0.36 1164 54 53 0.014856 

CL02-577 

4 1.015 1.158 0.0716 9.43 1173

1215 

0.013733 
1 0.991 1.125 0.0668 12.82 1833 0.011634 0.012267 0.00051
2 0.987 1.127 0.0698 6.30 823 0.012721 
3 0.988 1.123 0.0675 13.21 3.43 3.36 1848 494 484 0.011860 

V884 

CL02-578 

4 0.988 1.128 0.0702 13.40 1733

1559 

0.012855 
       

Air 1 0.990 1.132 0.0708 19.4 0.11 0.11 2463 43 42.00 0.013114 0.012905 0.000151
 2 0.989 1.130 0.0704 19.2 2465 0.012950 
 3 0.991 1.130 0.0696 19.4 2555 0.012678 

N674 

 4 0.990 1.130 0.0702 19.3 2496

2495 

0.012877 
Air 1 1.174 1.313 0.0695 12.9 0.54 0.53 1705 75 73.58 0.014821 0.014885 3.98E-05

 2 1.169 1.308 0.0698 12.6 1651 0.014877 
 3 1.167 1.307 0.0699 12.5 1630 0.014926 

N0497 

 4 1.175 1.315 0.0697 13.7 1799

1696 

0.014916 
Air 1 1.176 1.311 0.0677 19.5 2.05 2.01 2710 374 366.57 0.014062 0.014629 0.000686

 2 1.168 1.303 0.0673 17.4 2444 0.013805 
 3 1.171 1.312 0.0703 14.5 1872 0.015156 

N1059 

 4 1.168 1.310 0.0712 16.5 2077

2276 

0.015492 
Air 1 0.865 1.005 0.0701 15.2 0.49 0.48 1968 77 75.75 0.011328 0.011242 0.000124

 2 0.866 1.004 0.0692 14.7 1953 0.011052 
 3 0.864 1.004 0.0697 14.4 1886 0.011202 

V747 

 4 0.860 1.001 0.0704 14.0 1799

1901 

0.011386 
Air 1 0.988 1.126 0.0687 14.4 0.65 0.64 1943 119 116.47 0.012325 0.012693 0.000238

 2 0.989 1.130 0.0704 13.0 1676 0.012944 
 3 0.985 1.124 0.0696 14.3 1884 0.012615 

V884 

 4 0.992 1.132 0.0701 13.7 1768

1818 

0.012888 
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OUTLIERS 
 

5 Fuel Specimen ID 

Inside 
Diameter 

(in) 

Outside 
Diameter 

(in) 

O-ring 
Diameter 

(in) 

Break 
Load 
(lbs) 

Std dev 
Break 
Load 
(lbs) 

95% CI 
Break 
Load 
(lbs) 

Break 
Stress 
(psi) 

St dev 
Break 
Stress 
(psi) 

95% CI 
Break 
Stress 
(psi) 

Average 
Break 
Stress 
(psi) 

Break 
Stress 

T 
Volume 
(in^3) 

Average 
Volume 
(in^3) 

95% C.I. 
Volume 
(in^3) 

avg 
Id 
In 

95% CI 
 

Id 
in 

avg 
thickness 

In 

95& CI 
 

thickness 
in 

N674 CL02-576 1 1.034 1.182 0.0743 14.08   1626    -1.26 0.015078       
  2 1.033 1.182 0.0746 16.83   1927    0.88 0.015199       
  3 1.031 1.180 0.0745 16.58 1.26 1.24 1904 140 138 1803 0.72 0.015135 0.015169 7.80268E-05 1.033 0.001661 0.074 0.000164 
  4 1.036 1.185 0.0746 15.36   1756  138  -0.34 0.015262       
 CL02-577 1 1.072 1.226 0.0774 12.55   1336     0.016967       
  2 1.075 1.231 0.0782 11.83   1231     0.017415       
  3 1.068 1.227 0.0791 13.30 1.14 1.11 1353 116 113 1255  0.017726 0.017373 0.000305667 1.071 0.003092 0.078 0.000709 
  4 1.068 1.225 0.0784 10.63   1102    -1.33 0.017384       
 CL02-578 1 1.029 1.177 0.0740 15.36   1785     0.014916       
  2 1.029 1.176 0.0734 15.37   1816     0.014666       
  3 1.031 1.174 0.0722 14.66 2.58 2.52 1792 28 28 1811  0.014175 0.014671 0.000344597 1.030 0.000702 0.073 0.00086 
  4 1.029 1.177 0.0740 15.91   1848     0.014926       
 Air 1 0.990 1.132 0.0708 19.4   2463     0.013114       
  2 0.989 1.130 0.0704 19.2   2465     0.012950       
  3 0.991 1.130 0.0696 19.4 0.11 0.11 2555 43 42.00 2495  0.012678 0.012905 0.000177505 0.990 0.000775 0.070 0.000476 
  4 0.990 1.130 0.0702 19.3   2496     0.012877       

N0497 CL02-576 1 1.185 1.324 0.0694 12.48   1648     0.014928       
  2 1.180 1.321 0.0705 12.26   1572     0.015328       
  3 1.182 1.323 0.0703 12.22 0.12 0.12 1575 35 34 1598  0.015269 0.015211 0.000186108 1.184 0.003321 0.070 0.000445 
  4 1.188 1.329 0.0702 12.38   1598     0.015317       
 CL02-577 1 1.225 1.372 0.0734 11.28   1335     0.017248       
  2 1.225 1.372 0.0735 11.39   1343     0.017311       
  3 1.230 1.366 0.0682 11.01 0.16 0.16 1507 115 113 1392 1.00 0.014905 0.016466 0.001097997 1.225 0.004176 0.072 0.002409 
  4 1.219 1.363 0.0718 11.19   1384     0.016403       
 CL02-578 1 1.185 1.323 0.0694 11.80   1559     0.014918       
  2 1.189 1.330 0.0708 12.00   1527     0.015558       
  3 1.173 1.314 0.0705 12.49 0.31 0.30 1601 34 33 1570  0.015247 0.015207 0.000264984 1.180 0.007388 0.070 0.000561 
  4 1.175 1.315 0.0701 12.29   1592  28   0.015104       
 Air 1 1.174 1.313 0.0695 12.9   1705     0.014821       
  2 1.169 1.308 0.0698 12.6   1651     0.014877       
  3 1.167 1.307 0.0699 12.5 0.54 0.53 1630 75 73.58 1696  0.014926 0.014885 4.67679E-05 1.171 0.004006 0.070 0.000178 
  4 1.175 1.315 0.0697 13.7   1799     0.014916       

N1059 CL02-576 1 1.243 1.386 0.0713 16.59   2078     0.016491       
  2 1.238 1.383 0.0730 17.36   2074     0.017239       
  3 1.242 1.385 0.0714 17.66 2.56 2.51 2206 347 341 1948  0.016527 0.016964 0.000534857 1.243 0.004292 0.072 0.001079 
  4 1.248 1.395 0.0735 12.16   1435    -1.48 0.017599       
 CL02-577 1 1.282 1.429 0.0733 9.34   1106    -1.39 0.017993       
  2 1.283 1.423 0.0703 12.79   1649     0.016494       
  3 1.276 1.421 0.0726 12.10 1.52 1.49 1464 227 223 1421  0.017509 0.01733 0.000521499 1.279 0.004061 0.072 0.001266 
  4 1.275 1.419 0.0722 11.99   1465     0.017325       
 CL02-578 1 1.232 1.369 0.0688                
  2 1.242 1.382 0.0702 16.84   2179     0.015934   1.240 0.014909 0.071 0.001239 
  3 1.241 1.384 0.0715 18.15 1.75 1.71 2260 237 232 2084  0.016567 0.016388 0.000382348     
  4 1.238 1.382 0.0718 14.69   1815     0.016664       
 Air 1 1.176 1.311 0.0677 19.5   2710     0.014062       
  2 1.168 1.303 0.0673 17.4   2444     0.013805       
  3 1.171 1.312 0.0703 14.5 2.05 2.01 1872 374 366.57 2276  0.015156 0.014629 0.000804831 1.171 0.003557 0.069 0.001886 
  4 1.168 1.310 0.0712 16.5   2077     0.015492       

V747 CL02-576 1 0.863 1.001 0.0693 13.91   1845     0.011044       
  2 0.874 1.008 0.0669 13.73   1953     0.010397       
  3 0.868 1.008 0.0702 14.51 0.36 0.35 1877 316 310 1854  0.011394 0.011109 0.000517376 0.867 0.005321 0.069 0.001714 
  4 0.863 1.005 0.0710 13.77   1742     0.011603       
 CL02-577 1 0.898 1.041 0.0718 9.88   1222     0.012321       
  2 0.893 1.033 0.0700 9.41   1223     0.011643       
  3 0.900 1.041 0.0707 9.66 0.24 0.23 1232 6 6 1226  0.011955 0.011973 0.000384081 0.897 0.003164 0.071 0.000727 
  4 0.900 1.041 0.0705                
 CL02-578 1 0.861 1.007 0.0731 15.02   1789     0.012324       
  2 0.854 1.001 0.0736 14.32   1685     0.012393       
  3 0.875 1.011 0.0684 13.76 0.56 0.55 1871 83 81 1798  0.010901 0.01169 0.00076343 0.865 0.009136 0.071 0.002566 
  4 0.871 1.010 0.0693 13.93   1848     0.011141       
 Air 1 0.865 1.005 0.0701 15.2   1968     0.011328       
  2 0.866 1.004 0.0692 14.7   1953     0.011052       
  3 0.864 1.004 0.0697 14.4 0.49 0.48 1886 77 75.75 1901  0.011202 0.011242 0.000144988 0.864 0.002365 0.070 0.000497 
  4 0.860 1.001 0.0704 14.0   1799     0.011386       

V884 CL02-576 1 0.986 1.124 0.0688 13.21   1778     0.012319       
  2 0.981 1.120 0.0695 13.00   1712     0.012536       
  3 0.992 1.130 0.0693 13.46 0.19 0.18 1784 37 36 1749  0.012579 0.012571 0.00021365 0.988 0.005334 0.069 0.000494 
  4 0.993 1.133 0.0700 13.25   1723     0.012850       
 CL02-577 1 1.008 1.151 0.0719 10.28   1266     0.013783       
  2 1.013 1.154 0.0709 9.93   1259     0.013433       
  3 1.015 1.164 0.0743 10.10 0.37 0.36 1164 54 53 1215  0.014856 0.013951 0.000610001 1.013 0.003421 0.072 0.001471 
  4 1.015 1.158 0.0716 9.43   1173     0.013733       
 CL02-578 1 0.991 1.125 0.0668 12.82   1833     0.011634       
  2 0.987 1.127 0.0698                
  3 0.988 1.123 0.0675 13.21 0.30 0.29 1848 62.59 61 1805  0.011860 0.012116 0.000734811 0.989 0.001911 0.069 0.001671 
  4 0.988 1.128 0.0702 13.40   1733     0.012855       
 Air 1 0.988 1.126 0.0687 14.4   1943     0.012325       
  2 0.989 1.130 0.0704 13.0   1676     0.012944       
  3 0.985 1.124 0.0696 14.3 0.65 0.64 1884 119 116.47 1818  0.012615 0.012693 0.000279043 0.989 0.003021 0.070 0.000704 
  4 0.992 1.132 0.0701 13.7   1768     0.012888       
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APPENDIX D: CLOUD POINT AND COLD FILTER 
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APPENDIX E: FUEL ANALYSIS DATA FOR BIODIESEL, 
DIESEL, AND BIODIESEL BLENDS 
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Survey of Fuel Storage Tanks 
at all SDDOT Facilities 

 
As a part of research project “SD2002-12 Potential Impact of Biodiesel on SDDOT” the researcher is 
to access the cost of SDDOT using biodiesel blends in 2%, 5%, and 20% concentrations. In order to 
make a valid assessment it is necessary for SDDOT to furnish the size and number of fuel storage 
tanks currently in use at each facility as well as other available storage tanks at each shop, area, and 
region. The survey may be saved and forwarded as necessary to the appropriate individuals via 
E-Mail. Once completed the survey can be forwarded or E-mailed to paul.oien@state.sd.us
 
Thank you very much for your time. 
Paul Oien     
SDDOT 
Office of Research 
700 East Broadway Avenue 
Pierre, SD 57501    
  
Please answer by marking the appropriate box preceding the appropriate response. In questions 
requesting additional input you may type in the underline area as necessary. Don’t worry about 
formatting your response. 
 
Which SDDOT AREA is this shop located in? 
 
1) Mark the appropriate box  
Rapid City Region Pierre Region  Aberdeen Region Mitchell Region 

 Rapid City   Pierre   Aberdeen   Mitchell 
 Custer    Winner   Huron   Sioux Falls 
Belle Fourche  Mobridge   Watertown   Yankton  

 

2) In the Blank Below print the name of the town this facility is located in. 

  _______________ 

3) Indicate type and size of storage tank used for DIESEL FUEL. If size is not listed select other 

and indicate size. 

TYPE 

 Above ground  Underground 

   SIZE 

 1000 gallon  2000 gallon  10,000 gallon 

 1500 gallon  5000 gallon  15,000 gallon  Other __________ 

 

4) Is there another fuel tank available for DIESEL FUEL storage? Do not include fuel 

 tanks that are used for gasoline storage.  No proceed to question 6 

        Yes proceed to question 5 
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5) Indicate type and size of second storage tank that can be used for DIESEL FUEL. If size is not 

listed select other and indicate size. 

TYPE 

 Above ground  Underground 

   SIZE 

 1000 gallon  2000 gallon  10,000 gallon 

 1500 gallon  5000 gallon  15,000 gallon  Other __________  

  

6) Indicate type and size of storage tank used for GASOLINE. If size is not listed select 

 other and indicate size. 

TYPE 

 Above ground  Underground 

   SIZE 

 1000 gallon  2000 gallon  10,000 gallon 

 1500 gallon  5000 gallon  15,000 gallon  Other __________  

 

7) Do other storage tanks exist at this facility that can be used for fuel storage that are not  

 described in items 3, 5, and 6 above. (Do not include temporary above ground storage 

 tanks that are currently used with biodiesel project)  

  Yes, proceed to question 8  No, proceed to question 9  

 

8) Indicate type and size of other storage tanks that can be used for fuel storage. If size is 

 not listed select other and indicate size. 

TYPE 

 Above ground  Underground 

   SIZE 

 1000 gallon  2000 gallon  10,000 gallon 

 1500 gallon  5000 gallon  15,000 gallon  Other __________  

   

 

9) How many fuel transfer tanks for use with pickups are available at this site? 

  Please indicate number:        
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10) What is the fuel capacity of each of the tanks identified in item 9? 

 Transfer tank one:        

 Transfer tank two:        

 Transfer tank three:        

11) Please indicate the date of the last fuel tank cleaning. This would involve emptying  

 fuel from the tank and have any remaining fuel, water, and residue pumped from the  

 tank. Tank Cleaning date 

 Tank in item 3. _____________  

    Tank in item 5. _____________  

 Tank in item 6. _____________ 

    Tank in item 7. _____________ 

12) Please indicate if the fuel in any of these tanks is treated with an additive (cetane 

 improver, biocide, cloud point depressant, etc.) and the date when additive was 

 last added. 

 Tank Treatment/Date Treatment Brand Name  

 (example: biocide 10/01/2003) (example: Total Treat) 

 Tank in item 3. _____________________ ___________________________ 

 Tank in item 5. _____________________ ___________________________  

 Tank in item 6. _____________________ ___________________________ 

 Tank in item 7. _____________________ ___________________________ 

 

 THANK YOU for taking the time to answer these questions. Please forward this marked 

survey as an attachment to paul.oien@state.sd.us  
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APPENDIX G: ENGINE OIL ANALYSIS FOR SDDOT 
TRUCKS 
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