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Introduction

A key part of meeting this country’s energy needs, as well as accomplishing such in a sustainable
manner, involves the use of biodiesel and biomass-based diesel fuels. Biodiesel has been
adequately demonstrated in compression-ignition engines over the past 20 plus years in a wide range
of applications such as on- and off-road, agriculture, railand marine; and at blend levels ranging from
2% to 100%. Biodiesel is a renewable fuel with much lower life cycle greenhouse gas (GHG)
emissions, along with lower criteria pollutants, versus its petroleum counterpart and will provide
significant benefits with respect to engine operation over conventional ultra-low sulfur diesel fuel.

The purpose of this publication is to provide technical guidance resulting from a B30 demonstration
project with respect to the most current information and data on biodiesel and biodiesel blends;
including definitions, properties, procurement, fuel management and operations in internal
combustion engines. Specifically, this document will cover all relevant and pertinent aspects
associated with biodiesel and biodiesel blends from production through end-use in the agricultural
and off-road sectors.

B30

Currently, avery strong interest exists in the compression ignition engine sector to use a blend of 30%
biodiesel and 70% by volume conventional petroleum diesel primarily to deliver substantial
environmental and mechanical advantages for heavy-duty diesel engines, particularly within
agricultural and off-road sectors.

In addition to lowering greenhouse gas emissions, B30 also helps minimize tailpipe emissions of
harmful particulate matter, black smoke, carbon monoxide and unburned hydrocarbons, thereby
improving air quality around open farm fields and enclosed work sites.

From a mechanical/engine operational standpoint, a B30 blend will provide the following:

e Superior lubricity compared to conventional ultra-low sulfur diesel, which drastically reduces
friction and wear within high-pressure fuel injection systems that cushions moving parts and
extends the lifespan of fuel pumps and injectors.

e Ahigher cetane number that optimizes combustion efficiency by shortening the ignition delay
for smoother, more complete power strokes.

e Decreases in internal mechanical friction, resulting in less component wear over long
operational hours.

Background
Biodiesel Basics and Production

Biodiesel is a commercially available, lower-carbon-intensity renewable fuel for use in internal
compression-ignition (diesel) engines, such as those used in agriculture and off-road applications.
Biodiesel is produced from plant oils (e.g., soybean oil, cottonseed oil, canola oil, corn oil),
recycled/used cooking greases (e.g., yellow grease), animal fats (e.g., beef tallow, pork lard, poultry
fat), or various combinations of these, and most typically blended with ultra-low sulfur diesel fuel.

Additionally:

e Biodiesel is currently approved for use at up to at least 20% blend level in most diesel
equipment with zero or minor modifications.



o Biodiesel is compatible with all new on- and off-road diesel engines—often called “new
technology diesel engines” (NTDEs).

e Biodieselis nontoxic, biodegradable and suitable for sensitive environments.
Biodiesel Production

Creating biodiesel relies on a chemical process called transesterification. To put it simply, the
feedstocks of fats, oils and/or greases are mixed with an alcohol such as methanol, and a catalyst
like sodium methoxide. This triggers a chemical reaction that splits the ingredients into two products:
clean-burning biodiesel and crude glycerin. You can see how this works in the diagram below.
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Figure 1. Basic transesterification process. [Figure courtesy of NLR].

It is important to note that in order to produce commercial volumes of biodiesel for sale throughout
the fuel industry, the production facility must be registered and approved by the Environmental
Protection Agency (EPA) and other government agencies.

Relevant ASTM Specifications to Biodiesel and Biodiesel Blends
ASTM D6751

ASTM D6751 serves as the definitive quality standard for pure biodiesel (B100) intended for fuel
blending (blendstock) in the United States, focusing on required physical and chemical properties
rather than feedstock or production methods. The most recent edition of the standard is ASTM
D6751-24a. As the specification is frequently updated, users are responsible for ensuring
compliance with the most current version by checking the ASTM website (https://www.astm.org/).
Finalized blendstock must adhere to specific technical requirements, including purity standards and
limits on minor components, and remain free of water, sediments and other contaminants. This
standard ensures biodiesel blends up to and including B30 are suitable for use in diesel engines.

ASTM D7467

The formulation of middle distillate blends containing 6% to 20% biodiesel by volume requires strict
two-tiered adherence with ASTM International guidelines. Prior to blending, the pure biodiesel
blendstock must fulfill all quality metrics governed by ASTM D6751. Post-blending, the finished
product falls under the jurisdiction of the ASTM D7467 specification. Fulfilling these standards
ensures the resulting fuel is fit-for-purpose across various compression-ignition systems and
applications with negligible or zero mechanical modification required. It is thought this holds true for
blends up to 30% which is driving interest in demonstration projects such as the one recently
conducted.


https://www.astm.org/

Per the current ASTM D7467-23 standard, the hydrocarbon matrix (base fuel) may comprise of ASTM
D975 Grade No. 1-D petroleum distillate, Grade No. 2-D petroleum distillate or seasonal multi-grade
mixtures tailored for optimal low-temperature operability. The fundamental physical and chemical
parameters of the final blended fuel matrix are modeled typically around the broad performance
boundaries derived from the base petroleum fuel.

To safeguard the fuel matrix against long-term storage degradation, the specification(s) incorporate
definitive constraints regarding:

e Oxidation Stability Reserve: Mitigates the risk of peroxide formation, polymerization and

subsequent fuel system deposit propagation.
e Acid Number Thresholds: Prevents hydrolytic degradation and potential downstream asset
corrosion.

Quality Control
BQ-9000°

The biodiesel industry has developed a voluntary quality control program called BQ-9000° to help
ensure biodiesel is produced according to the most current ASTM specifications and that consistent
procedures are followed to prevent contamination and degradation during distribution, storage and
blending. The program is managed by an independent organization, the National Biodiesel
Accreditation Commission. Numerous engine manufacturers recommend use of biodiesel from BQ-
9000°® producers. Consumers can avoid the need for independent testing by purchasing biodiesel
fuels from accredited suppliers.

BQ-9000° is a voluntary industry program created for ensuring biodiesel meets the most current
ASTM specifications. Specifically, the major goal of BQ-9000° is:

e To promote commercial success and public acceptance of biodiesel.
e Help ensure biodiesel is produced and maintained at the industry standard, ASTM D6751.

The BQ-9000°® program requires consistent procedures to be followed to prevent contamination and
degradation during production, distribution, storage and blending. The BQ-9000°® program includes
accredited producers, marketers and laboratories. The facility, not the fuel, receives the
accreditation, but the fuel supplied by either an accredited producer or marketer must meet all
applicable standards for sale and use in the United States. Accredited producers and marketers,
such as Growmark, can be found at https://bg-9000.org/companies/producers/ and https://bg-
9000.org/companies/bg-9000-marketers/.

A certificate of analysis (COA) must be generated for each production lot with a unique identification
code and analytical results from a sample. The producer must also ensure transport vehicles are
clean and are suitable for distributing biodiesel.

Marketers within the BQ-9000® program must either purchase B100 from an accredited producer or
conduct full, fuel quality testing on all biodiesel purchased from non-accredited producers. The
accredited marketer must also maintain storage and distribution procedures that protect the
biodiesel’s quality and integrity, while monitoring the accuracy of any biodiesel blend ratios.

Biodiesel Procurement

When ordering bulk fuel, you should always request the fuel certification sheet (certificate of
analysis) from your supplier. The COA will have all test parameters and results that need to be met to
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ensure proper operation in your vehicle. It is important to verify the properties of the fuel are as
expected and conform to the purchase specs, particularly with attention to any seasonal
expectations such as cold-weather operability. If any parameter does not meet what is in the
specification, then you should not accept the fuel. For instance, if you are buying diesel in the dead
of winter, you should check its cold-weather properties to make sure it won't gel in your local climate.
Also, be sure to askif the supplier has already included any postproduction fuel additives. If they did,
it is best to leave the fuel alone and not add any additional additives for protection.

Good fuel performance starts with products that meet standard ASTM benchmarks. Once you
acquire high-quality fuel, the real trick is keeping it "on spec", which means ensuring the fuel remains
as clean, dry and of the same quality as the day it arrived. It’s important to make sure that the COA is
recent and matches the specific batch being pumped into your tanks.

When choosing your fuel supplier, don't be shy about asking how they handle their fuel. They should
be using clean, well-maintained equipment so your delivery arrives in perfect condition. Ask the
trucking company how they handle "transition loads" and what cleaning routines are employed
between hauling different types of fuel, so you don'treceive a contaminated product. Finally, give any
incoming fuel delivery a visual test. Look out for any haze, sediment or cloudiness which are typically
major red flags for water, wax or other contaminants.

Storing Fuels and Storage Tank Maintenance
Preparation

A fuel quality management program is a proactive approach to ensuring fuel is kept clean, safe and
ready for optimal equipment use. Inspecting and preparing storage tanks prior to a fresh delivery of
fuel protects operations in four key ways:

e Optimal Engine Performance: Aligns fuel cleanliness with the high standards modern
equipment requires.

e Enhanced Engine Protection: Maximizes fuel additive efficiency to power, clean and protect
internal components.

e Reduced Downtime: Catches fuel issues early to keep fleets and machinery running reliably.

e Faster Problem Resolution: Establishes a tank history to diagnose and resolve future fuel
issues quickly.

Pre-Delivery Technical Checklist

Verifying tank integrity and setup before a fuel delivery ensures the storage environment is ready for
a fresh blend of fuel, preventing new fuel from being compromised by pre-existing conditions. In this
checklist, the following are recommended:

e Tank Infrastructure Inspection: Regular verification of the tank setup builds a reliable service
history and monitors long-term storage health.

e Filtration: Confirm fuel filters are installed on dispensing lines to capture fine particulate
matter; water absorbent filters are recommended. 10-micron filters are recommended (or
smaller), but 30-micron are often used at retail locations.

e Document & Record: Complete a standard Fuel Storage Maintenance Checklist for every fuel
delivery and attach it to the COA for future reference in the event of fuel performance issues.




Visual Bottom-Sample Analysis: Because water and sediment naturally settle at the baseline
of storage assets, a fuel sample should routinely be drawn from the very bottom of the tank.
Allowing the sample to settle in a clean glass jar for 10 minutes makes it easy to spot three
major risk factors:

o Free Water: Standing water layers that cause tank corrosion and fuel system degradation.
o Particulates: Visible dirt, rust or debris that can prematurely clog equipment filters.

o Microbial Growth: Slime or sludge formations caused by bacteria or fungi living in water-
fuelinterfaces.

Contaminant Removal

Any appreciable water or sediment identified at the bottom of the tank should be removed as soon
as possible before pumping new fuel.

Low-Point Drain: Utilize the tank's low-point drain valve to flush out isolated bottom water and
sediment.

Scavenging Pump: If no drain valve is present, use a specialized tank sampler and pump kit to
vacuum out baseline contaminants.

Microbial Decontamination and Treatment

Microbial contamination can happen to all fuels, and it can cause operability issues as well as
microbial-induced corrosion. These bugs can't grow without a layer of "free water" sitting at the very
bottom of your storage tank. Because of that, the absolute best line of defense is to keep an eye on
the tank and keep it dry.

If present, active biological growth must be treated immediately with an appropriate biocide to
stabilize the fuel environment and protect incoming fuel.

Follow-Up Care: For persistent issues, re-evaluate and re-treat the system if live
contamination is still visible after following the additive manufacturer’s instructions. Do NOT
use biocide additives for preventative measures. Such use may create circumstances wherein
the microbial growth becomes immune to treatment.

Filter Maintenance Notice: The biocide will kill the microbes, causing the dead organic debris
to be swept into the fuel stream. Equipment fuel filters will catch this debris, which may
require more frequent filter changes immediately following treatment while the system cleans
itself out.

Post Delivery Actions

Take a Sample: Draw a fuel sample and let it settle in a glass jar for at least 10 minutes.

Compare Samples: Compare this post-delivery sample to the pre-delivery sample.

Report Issues: Note any changes in clarity or debris and report them to the supplier
immediately.

Verify Quality: Keeping these samples proves the quality of the delivered fuel and eliminates
guesswork.



Materials Compatibility

If you are using biodiesel blends, comprised of biodiesel meeting ASTM D6751, in engine systems
manufactured since the mid-1990’s, materials compatibility should not be an issue. Real experience
over the last 20 years shows biodiesel blends work perfectly well with all the gasket materials and
seals in ground vehicle fuel systems, including nitrile rubber. However, it is important to note that
biodiesel, and likely higher biodiesel blends (B40+), will disintegrate natural rubber compounds.
While today's fuel specs have basically eliminated major leak issues, parts do naturally wear out over
time. Itis still smart practice to keep an eye out and fix any leaks as they pop up.

When it comes to your storage tanks, most existing setups can handle all fuels up to pure B100. To
meet federalrules, nearly all current tank manufacturers have handed out signed letters proving their
tanks are 100% compatible. Standard steel tanks fall under the general UL 58 rule for flammable
liguids, so they don't need to be tested for specific fuels. Meanwhile, fiberglass tanks under the UL
1316 standard are now officially tested using biodiesel fluids. Both of the active fiberglass tank
manufacturers in existence have run the tests and passed federal codes.

The only exception is if you are using an old Owens Corning underground fiberglass tank built
between 1965 and 1994. Even though they used the exact same build processes as everyone else at
the time, the company left the tank business. Since they aren't around to test their old hardware with
biodiesel, they can't provide an official compatibility letter.

Appendix B in the Biodiesel Handling and Use Guideline publication (https://cleanfuels.org/wp-
content/uploads/NREL-Biodiesel-Handling-and-Use-Guide-6th-Edition.pdf) has a comprehensive
list of materials compatibility with biodiesel.

Appendix C has a list of tank manufacturers and their compatibility with biodiesel blends.
Transport of Biodiesel Blends to the End User

When receiving biodiesel blends into your tanks, it’s important to know the condition of the transport
vehicle when the biodiesel was loaded and that it was transported in a way that does not lead to
contamination.

You can ask your supplier to confirm that the following procedures are followed for trucks/railcars
used by distributors and transporters of diesel fuel and/or biodiesel:

e Ensure trucks are constructed of aluminum, carbon steel or stainless steel.
e Ensure proper inspection or washout was performed before loading.

e Check for previous load carried and residual material. Generally, only diesel fuel or biodiesel
is acceptable as a previous load with any residual material remaining in the tank.

e Ensure there is no residual water in the tank.
Storage

Over time, general sediment and moisture can settle at the bottom of a storage tank to form a sludge
called "water bottoms." Biodiesel, in high enough concentrations, can act as a solvent. It can dissolve
the sludge from the tank walls, pulling it into the solution of the fuel, which can then lead to filter
plugging. Because of this, it is highly recommended to give your tank a thorough cleaning before you
switch to B30 or higher blends. While that is the recommended procedure, some users of the fuel
simply change out the fuel and then keep a close eye on their fuel filter changes, swapping them out
as needed.
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Good tank housekeeping is essential for preventing debris and water buildup, whether you are using
regular petroleum diesel or biodiesel. If you own an underground storage tank (UST) that may have
settled over time and is no longer situated correctly or is less accessible, routinely cleaning and
draining the water bottoms will dramatically cut down the risk of expensive corrosion and bug
problems.

Moisture

Itisimportant to keep your storage tanks clean and dry to keep your diesel engines running smoothly.
In a perfect world, fuel would have zero water in it, but a little bit is always going to sneak in. Diesel
fuel naturally holds tiny amounts of water in suspension. This "suspended" water just flows right
along with the fuel and is basically invisible to your system, meaning it won’t cause any real damage.

Problems can start when too much water builds up and it separates into "free" water that can sit on
the bottom of tanks and on-board equipment. If free water is left unchecked, it opens the door to
microbial growth, degradation of the fuel and tank corrosion. The water and sediment can also
quickly plug filters. Once that happens, additional problems are more likely to occur such as failed
fuel injectors and pitting.

The most common way water sneaks into a tank is through simple condensation. When
temperatures fluctuate and differ between the inside and outside of the tank, it causes moisture to
form in the empty headspace at the top of tanks. Those droplets then "sweat" and condense down
into the fuel supply. The absolute best way to avoid moisture headaches is to practice good fuel-
quality management. A few helpful techniques include cutting down on condensation by installing
tank vent filters, utilizing the right filters, staying on top of regular tank maintenance and always
sourcing high-quality diesel fuel.

It is also possible to minimize temperature swings by setting up some shade for your storage tank.
Painting the tank white also works to help reduce both condensation and fuel evaporation when the
weather heats up. Using a Pre-Vent® fuel cap can also help in keeping the moisture out.

For equipment and vehicle tanks, a best practice is to fill them up at the very end of the day. This
helps balance out the fuel temperatures and leaves little empty headspace, meaning there is less
chance for condensation to form as things cool down overnight.

Using water absorbing filters is recommended as they absorb a small amount of water as the fuel
passes through. When the filter captures a significant amount of water, it prematurely plugs. This
helps detect a possible larger water problem if subsequent multiple filter changes are needed. These
filters not only help to remove water, but also fine particles associated with moisture. This can
include microbial growth and rust resulting from tank corrosion. Filters plugged with contaminants
associated with corrosion can be a good sign of water or particle contamination problems within the
tank.

Oxidation Stability

Biodiesel blends are generally very thermally stable (does not degrade due to higher temperatures
upon heating), but they can be vulnerable to oxidation when the fuel remains sitting in
storage. Oxidation stability of fuels depends on initial fuel quality, choice of feedstock for the
biodiesel and additives, but is also driven by storage conditions such as exposure to contaminants,
heat, air and light—oxidizing conditions that can accelerate degradation/aging. A fuel that has a high
resistance to aging ensures it stays high-quality all the way through the supply chain. We measure
this resistance (called the fuel’s "oxidation reserve") using accelerated aging tests, which provide a
snapshot of how stable the fuel will be during normal storage and handling under clean



conditions. When fuel ages and oxidizes, it starts producing acids, getting thicker and forming gums
and sediments that tend to clog filters. Biodiesel blends with high oxidation stability will generally
take longer to break down and cause these kinds of issues compared to low-stability fuels.

Cold Temperature Parameters and Operability Procedures

The engines in farm equipment and off-road vehicles used today are actually very similar to regular
on-road truck engines, which means they perform well with biodiesel blends that meet the ASTM
standards. Problems occur with equipment that gets parked for the winter, like combines or tractors,
and fuels that have been left untreated. One strategy to avoid problems is to top off the vehicle's tank
with a winter-grade, low-cloud-point diesel fuel right before you park it for the season.

When dealing with cold weather and diesel/biodiesel/biodiesel blends, there are two major metrics
to be understood:

1. Cloud Point: This is the exact temperature where small, solid wax crystals start forming and making
the fuel look cloudy as it cools down. It is the most conservative, reliable and useful measurement
for how a fuel will handle cold. While there is no official limit for cloud point in the ASTM diesel
standards, suppliers are still expected to report the number. Generally, your equipment will run fine
right down to this temperature or slightly below. Keep in mind that pure biodiesel, and higher
biodiesel blends may have a higher cloud point than regular petroleum diesel. Below this
temperature, those wax crystals can clog your filters or settle like sludge at the bottom of the tank -
a problem that can happen to both regular diesel and biodiesel blends.

2. Pour Point: This is the temperature at which the fuel completely turns to gel and stops flowing
entirely. Distributors and blenders use this number to figure out if they can physically pump the fuel
in/out of a tank, even though it is too cold to run in an engine.

For any diesel fuel, including petroleum diesel and biodiesel blends, it is important to pay attention
to the expected ambient weather temperatures, watch the thermometer and ensure your diesel fuels
are being stored in the best manner possible to prevent gelling. Storing equipment indoors will also
help with cold weather starts.

Conclusions

Biodiesel blends, up to and including B30, serve as high-performance fuel choices that enhance
engine health and protect farm and off-road mechanical assets. Standout equipment benefits are its
superior lubricity, which significantly reduces friction and minimizes wear on critical fuel injection
components and fuel pumps, high cetane and component durability — this added protection directly
extends the operating life of heavy machinery while providing the same performance expectations.
While B30 delivers reliable horsepower and torque required for demanding field operations, standard
maintenance practices—such as monitoring fuel filters during initial transition and managing fuel
storage—ensure seamless integration. Ultimately, adopting B30 biodiesel is a practical strategy to
optimize equipment longevity, lower long-term maintenance costs and maintain peak mechanical
reliability across diverse agricultural and industrial fleets.



Other Valuable Resources

e https://cleanfuels.org/wp-content/uploads/NREL-Biodiesel-Handling-and-Use-Guide-6th-
Edition.pdf

e https://cleanfuels.org/wp-content/uploads/Liquid-Fuel-Handling-Guide_FINAL.pdf

e https://fscooperatives.com/growmarkfs/news-resources/managing-moisture-in-fuel-tanks

e Growmark’s Storage Tank Setup and Fuel Quality Process (Storage tank setup)

e Clean Fuels Alliance America, formerly the National Biodiesel Board, has many resources
available for biodiesel users. Their website is www.cleanfuels.org, or call 1-800-841-5849 to
obtain general information on biodiesel, cold flow, renewable diesel and carbon reductions.

e The U.S. Department of Energy’s Alternative Fuels Data Center provides data, information and
tools for biodiesel: https://afdc.energy.gov

e Appendix A- Fuel Quality Checklist
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Diesel Fuel Storage Checklist

Status Verified Task Description & Operational Notes Verified By / Date

SECTION 1: PRE-DELIVERY TECHNICAL CHECKLIST
Verifying tank integrity and setup before a fuel delivery ensures the storage environment is ready for a fresh blend of fuel,
preventing new fuel from being compromised by pre-existing conditions.

Tank Infrastructure Inspection Date: Initial:
[ ] Regt{lar Vfarification of thg tank setup builds a reliable Comments:
service history and monitors long-term storage
health.
Filtration System Verification Date: Initial:
Confirm fuel filters are installed on dispensing lines Comments:
[ ] to capture fine particulate matter; water absorbent

filters are recommended. 10-micron filters are
recommended (or smaller), but 30-micron are often
used at retail locations.

Document & Record Retention Date: Initial:
Complete a standard Fuel Storage Maintenance Comments:
[ ] Checklist for every fuel delivery and attach to the

COA for future reference in the event of fuel
performance issues.

Visual Bottom-Sample Analysis Date: Initial:

Because water and sediment naturally settle at the Comments:
baseline of storage assets, a fuel sample should
routinely be drawn from the very bottom of the tank.
Allow the sample to settle in a clean glass jar for 10
minutes to inspect for major risk factors:

[ ] * Free Water: Standing water layers causing tank
corrosion and fuel system degradation.
* Particulates: Visible dirt, rust, or debris that
prematurely clog equipment filters.
® Microbial Growth: Slime or sludge formations from
bacteria/fungi living in water-fuel interfaces.

SECTION 2: CONTAMINANT REMOVAL
Any appreciable water or sediment identified at the bottom of the tank should be removed as soon as possible before

pumping new fuel.
Low-Point Drain Flushing Date: Initial:
[ ] Utilize the tank's low-point drain valve to flush out Comments:

isolated bottom water and sediment.



Scavenging Pump Extraction Date: Initial:

[ ] If no drain valve is present, use a specialized tank Comments:
sampler and pump kit to vacuum out baseline
contaminants.

SECTION 3: MICROBIAL DECONTAMINATION AND TREATMENT

Microbial contamination can happen to all fuels, causing operability issues and microbial-induced corrosion. These bugs
cannot grow without a layer of 'free water' sitting at the bottom of the tank. Keeping the tank dry is the best line of defense. If
active biological growth is present, treat immediately with an appropriate biocide to stabilize the fuel environment.

Follow-Up Care Protocol Date: Initial:
For persistent issues, re-evaluate and re-treat the Comments:
[ ] system if live contamination is still visible after

following the additive manufacturer's instructions.
Do NOT use biocide additives for preventative
measures as microbial growth may become immune.

Filter Maintenance Notice Date: Initial:
The biocide will kill the microbes, causing dead Comments:
[ ] organic debris to be sweptinto the fuel stream.

Equipment fuel filters will catch this debris, requiring
more frequent filter changes immediately following
treatment while the system cleans itself out.

SECTION 4: POST-DELIVERY ACTIONS
Actionable verification steps immediately following delivery process.

Post-Delivery Fuel Sampling Date: Initial:

[ ] Draw a fuel sample and let it settle in a glass jar for at Comments:
least 10 minutes.

Comparative Sample Review Date: Initial:

[ ] Compatre this post-delivery sample to the pre- Comments:
delivery sample to ensure continuity.

Supplier Issue Reporting Date: Initial:

[ ] Note any changes in clarity or debris and report them Comments:
to the supplierimmediately.

Quality Verification & Records Date: Initial:

[ ] Retaining samples proves the quality of the delivered Comments:
fuel and eliminates operational guesswork.



