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Learning objectives: 

• Participants will be able to describe the different energy sources and uses in the U.S. and

Tennessee

• Participants will be able to explain the kinds of biofuel production in Tennessee.

Materials: 

• PowerPoint® slides “State of the Energy Industry”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Factsheet: “State of the Energy Industry” 

http://www.tnstate.edu/extension/documents/EnergyUse.pdf 

A copy can also be found in the Appendix. 

• 2 – 3 copies of “Portrait of a Million” This small poster contains 1 million dots to provide a visual

for helping build an understanding of what a million of something looks like.  Can be ordered

from this website for $7 each:  http://www.universalworkshop.com/MIL.htm

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics 

U.S. oil production and consumption 

Examples of negative effects of fossil fuels 

What is renewable energy? 

Tennessee energy production 

Part I:  Introduction to Biomass Energy 
State of the energy industry 
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Slide 1 

This discussion will provide an overview of energy production 

and usage in Tennessee and focus on biofuels. 

Slide 2 

Show this slide and point out that the red line is consumption 

and blue is production.   

Activity: Distribute “Portrait of a Million”.  Allow participants to 

examine the million dots.  Ask them to imagine that every dot is a 

barrel of oil (44 gallons each) and to think about the U.S. using 19 

million barrels of oil each day. (source: eia.gov)   

Slide 3 

Though the other sectors have decreased their proportions of 

petroleum usage between 1949 and 2012, transportation has 

increased quite significantly.  

Slide 1 

Slide 2 

Slide 3 
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Slide 4 

This graph shows the changes in CO2 emissions for each of 

the three different types of fossil fuels (coal, petroleum and 

natural gas). 

Q: Examine the graph on Slide #6 “CO2 Emissions.” 

What do you notice about CO2 from petroleum vs. CO2

from coal and natural gas?      

A: Emissions from petroleum remain high throughout 

the year, whereas emissions from coal and natural gas 

have seasonal highs and lows. 

The emissions from petroleum stay relatively similar throughout the year since people are using petroleum 

for transportation which is relatively constant.  The variations in natural gas and coal relate to the use of 

natural gas for heat in the winter and coal for electricity production for air conditioning in the summer. 

Slide 5 

Over the years, in general, we have been increasing our 

production and decreasing our consumption.  From 2012 to 

2013 our production continued to increase but our 

consumption, instead of decreasing actually increased.  If 

consumption continues to increase, which it most likely will 

without restrictions or incentives, we will continue to have to 

import our fuels from other countries.  Depending upon 

political and climatic conditions, this may not be best for our 

economic or energy security. 

Slide 6 

This slide shows the top 5 countries that export their crude oil 

to the U.S.  Saudi Arabia and Venezuela are both part of OPEC 

that has given us problems in the past.  Recently, Saudi Arabia 

has worked to depress oil prices so that they are too low for 

fracking to be economically viable.  This directly affects our 

production capability. 

Slide 4 

Slide 5 

Slide 6 
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Slide 7 

Problems with groups like Russia, OPEC, Nigeria, and the 

Middle East have caused issues for oil prices in the past and 

continue to play a role in oil prices today.  This is why who we 

import oil from is an issue.  In some ways they can control our 

foreign policy. 

Higher gas prices lead to higher food prices and stifle the 

economy. 

Slide 8 

Hurricanes generally cause shortages of gas/reductions in 

production which lead to increased oil prices.  These effects 

can be an annual event that take place in the summer when 

most people are doing more driving and vacationing.   These 

storms may also be increasing in occurrence and/or severity 

due to climate change. 

Slide 9 

Oil production and transportation have significant effects on 

the environment as it is toxic and highly flammable.  These 

headlines are all within the last few years. 

Slide 7 

Slide 8 

Slide 9 
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Slide 10 

Total energy production in the U.S. is dominated by fossil 

fuels (79%). With the remainder made up of renewable fuels 

(11%) and nuclear power (10%) 

 

Q: Why do you think natural gas makes up a larger 

portion than coal?                                                                                                             

A:  Natural gas production has increased recently due 

to lower emissions and the increased use of fracking 

which extracts natural gas from shale. 

 

To get a better idea of fracking and the risks/benefits of natural gas, you can choose to show three short 

video clips from Switch Energy Project at http://www.switchenergyproject.com/education/energy-lab#natural-

gas The three videos recommended are “ Benefits of Fracking,” Risks of Fracking Water,” and “Risks of 

Fracking Methane.” 

 

Slide 11  

Renewable energy is made up of a number of different sources 

(hydroelectric, wood, biofuels, wind, waste, solar and 

geothermal).  Currently hydroelectric is the largest source of 

renewable energy.  Most of the biofuels represented here come 

from corn ethanol. 

 

 

 

 

 

Slide 12 

Biodiesel production began in 2001 whereas ethanol 

production began in the 1981.  12 years after commercial 

production had begun, ethanol had reached about 98 trillion 

Btu in production.  12 years after commercial biodiesel 

production began, biodiesel production has reached 171 

trillion Btu.  A federal tax credit expired at the end of 2011, 

potentially curbing the increase in ethanol production. 

 

 

 

 

Slide 10 

 

Slide 11 

 

Slide 12 
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Slide 13 

Data shown is from 2011.  Of the renewable energy in TN, 

about 1/3 is from biofuels.  

The breakdown is: 

U.S. Tennessee 

Coal:  28% Coal:  8% 

Natural Gas:  34% Natural Gas:  1% 

Crude oil:  15% Crude Oil:  0.003% 

Nuclear:  11%  Nuclear:  56% 

Renewable:  12% Renewable:  35% 

Of the renewable energy production in TN, __one-third__ of it is from biofuels. 

Slide 14 

TN energy prices are slightly higher than the national average 

which may be why some of our consumption is higher than 

average.  Tennessee was #1 in residential electricity usage a few 

years ago, but the state energy office along with TVA has 

invested in energy efficiency across the state. 

Q: What reasons could you give for TN being ranked 

#4 in the nation for residential energy usage?      

A: Tennessee generally has hot, humid summers and 

cold winters, building  codes are not as strict in TN as 

in other states, electricity is relatively affordable in TN. 

Slide 15 

Tennessee uses more electricity than the national average and 

it also has more central air than the national average. 

Slide 13 

Slide 14 

Slide 15 
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Slide 16 

Even though housing in Tennessee is generally newer, they are 

less likely to contain energy efficient features like double/triple 

pane windows or programmable thermostats. 

 

 

 

 

 

 

 

Slide 17 

The 5 biomass power plants in Tennessee use waste materials 

as their feedstock.  Two are associated with landfills and 

presumably use the methane produced for power production.  

The other 3 are associated with manufacturing of paper 

products and most likely use the waste product (black liquor) 

for their feedstock. 

 

 

 

 

Slide 18 

These wind turbines are operated by TVA.  There’s a total of 

18 wind turbines that produce 29 MW of power, which is 

enough to power 3,780 homes.  The turbines are 260 feet tall 

with 135 foot long blades.  Energy is generated once the wind 

speed reaches 10 mph and are at full capacity at wind speeds of 

25 mph.  They shut down when winds reach 55 mph. 

 

 

 

 

 

 

 

 

 

 

Slide 16 

 

Slide 17 

 

Slide 18 
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Slide 19 

The Volkswagen solar system is near Chattanooga and 

contains 33 acres of solar panels which produce 9.5 MW of 

electricity to meet about 12.5% of the manufacturing plant’s 

needs.  It started in February 2014 and is the largest single solar 

installation at a U.S. automotive facility. 

 

There is also a 5 MW solar farm in West Tennessee near 

Memphis that generates electricity for a local utility company 

and TVA. 

 

Slide 20 

Wampler’s Farm Sausage in Lenoir City, TN has a 30 kW solar 

power system they initially installed which paid for itself in 2.2 

years.  Then they installed the 500 kW system that you see in 

the background. 

 

They also have a CHyP system from Aries Energy which 

creates hydrogen gas from biomass and then burns the 

hydrogen as a fuel to and creates water, carbon dioxide, carbon 

monoxide, and biochar.  It uses 200 gallons of water for every 

1 MWh of electricity in comparison to coal and nuclear power 

which require much more. 

 

Slide 21 

There are two ethanol plants in Tennessee.  They are focused 

on grains like corn to produce ethanol and have a production 

capacity between 110 and 120 mmgy.  There are currently some 

commercial facilities in Iowa that are producing cellulosic 

ethanol from corn stover (residue left of field after corn is 

harvested). 

 

 

 

 

 

 

 

 

Slide 19 

 

Slide 20 

 

Slide 21 
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Slide 22 

Milagro Biofuels has a facility with a capacity to produce 5 

mmg/y from animal fats and soybean oil. 

 

Sullens Biodiesel has a facility with a capacity to produce 2 

mmg/y from waste oils. 

 

NuOil, Inc. has a facility with a capacity to produce 1 mmg/y 

from mixed feedstock. 

 

 

Slide 23 

The number of renewable energy systems on farms in 

Tennessee is shown in the table based on data from the 2012 

Census of Agriculture.  There are currently over 350 systems 

that are producing energy from biomass energy sources 

(biodiesel, ethanol, methane digesters).  Ask participants if any 

of them have any of these systems on their farms. 

 

 

 

Slide 24 

Currently, fuel prices are low compared with the national 

average but expenditures are high and CO2 emissions are high.  

Biofuels can help reduce CO2 emissions by having a renewable 

resource that takes up the carbon that it later releases during 

energy transformation.  The fossil fuels release additional 

carbon that has been stored. 

 

Show the Switch Energy video clip on Biofuels at: 

http://www.switchenergyproject.com/education/energy-

101#biofuels 

 

 

 

 

 

 

 

 

Slide 22 

 

Slide 23 

 

Slide 24 
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Slide 25 

Let’s try to find ways that we can turn Tennessee from a red 

state into a green one by finding alternatives that reduce 

dependence on foreign imports, create jobs, improve 

environmental quality with little increase on fuel prices. 

 

 

 

 

 

 

 

 

 

 

 
 

 

Slide 25 

Test their Knowledge - Questions for the audience 

The U.S. uses __19 million___barrels of oil each day. 

Q:  Why do you think consumption dipped around 2008?   

A: The economy crashed and not as many people were traveling, production of goods 
was down, etc.   
 

Oil prices in the U.S. can be affected by relations with _OPEC_ and other oil-producing 
countries, the __weather__, and __accidents__ during oil production or transportation. 

 
Q: Tennessee use of natural gas for heating is above the national average.                                   
A: False  

   
Q: The most common way to cool homes in Tennessee is the use of a central air conditioner 
unit.                                                                                                                                                                                  

A: True 
 

The biomass power plants in TN use __waste materials__ as their feedstock. 
 
Biofuels can assist with reducing the environmental impact of fossil fuels because  the plants 

used to produce biofuels __recycle__ the carbon from the atmosphere.  
 



Evaluation

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

Name of Activity: State of the Energy Industry Date of Activity: 

A. Instruction
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

B. General Learning and Change
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3. I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

C. Specific Learning
How much did you / do you know about these subjects?

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Distribution of energy production in U.S. and Tennessee 1 2 3 4 5 1 2 3 4 5 

2. Reasons for expanding biomass energy production 1 2 3 4 5 1 2 3 4 5 

3. Renewable energy production in Tennessee 1 2 3 4 5 1 2 3 4 5 

D. Specific Practices
To what degree did you / will you do the following?

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Support activities related to expanding renewable/biomass energy
production

1 2 3 4 5 1 2 3 4 5 

2. Seek information related to renewable/biomass energy 1 2 3 4 5 1 2 3 4 5 

3. Produce renewable/biomass energy 1 2 3 4 5 1 2 3 4 5 

E. Satisfaction with Activity
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

F. Other comments?

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to identify different biofuel crops.

• Participants will be able to describe how biofuels are produced.

• Participants will be able to state the advantages and disadvantages of various biofuel crops.

Materials: 

• PowerPoint® slides “Biofuel feedstocks”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Factsheet: “Agricultural feedstocks for cellulosic ethanol and biodiesel” 

http://www.tnstate.edu/extension/documents/Feedstocks.pdf 

A copy can also be found in the Appendix. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Renewable fuels standard 

Biofuel conversion processes 

Fuel comparisons 

Cellulosic ethanol feedstocks 

Biodiesel feedstocks 

Part I:  Introduction to Biomass Energy 
Biofuel feedstocks 
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If time allows, show video clip “How Can We Divert Lost Land to Biofuels” 

http://www.switchenergyproject.com/topics/biofuels 

Slide 1 

In this presentation, we will talk about some of the basics of 

biofuels production and some of the different types of crops 

(feedstocks) that can be used to produce biofuels. 

Slide 2  

Oil prices will continue to rise while ethanol prices will remain 

relatively constant at $2/gallon 

China and developing nations will continue to consume more 

fossil fuels and prices will increase, even if flow is maintained 

at current rates (depicted in graph). 

Therefore, it is important to come up with alternative strategies 

that can be implemented now. 

Slide 3 

The Renewable Fuels Standard is a mandate established by the 

federal government to help create an incentive for biofuel 

production.  This mandate requires increasing amounts of 

biofuels to be used for transportation fuels.  It is expected that 

by 2022, about 36 billion gallons of transportation fuel will 

come from biofuels each year.  This is expected to decrease oil 

imports by $41.5 billion by 2022.  Cellulosic ethanol and 

advanced biofuels use are mandated to increase over time 

(even if it has to be imported).  Advanced biofuels are those 

that rely on newer technology and may also include biodiesel 

production. 

Slide 1 

Slide 2 

Slide 3 
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Slide 4 

U.S. fuel consumption is dominated by fossil fuels at 83% of 

total consumption (37% Petroleum, 25% Natural Gas, 21% 

Coal) with nuclear energy at 9% and renewable energy at 8%. 

To manage risk involved in the volatility of this market, it is 

important to diversify our energy sources.  When we manage 

risk we can look to something like a retirement plan which 

shows the number of sources involved to prevent major risks 

from having a significant impact. 

Slide 5 

Producing biofuels requires different types of conversion 

pathways depending on the type of fuel being produced. 

Biochemical conversion is used to produce cellulosic ethanol. 

Thermochemical conversion is used to produce energy 

through combustion (heat energy), gasification (gases), 

pyrolysis (biodiesel).  A chemical conversion process can also 

be used to produce biodiesel. 

Slide 6 

To begin, we’ll explain the chemical conversion process 

involved in producing biodiesel.  This process is called 

transesterification.  Vegetable oils and animal fats are primarily 

triglycerides which contain three fatty acids that are esters and 

one glycerol molecule.  These triglycerides are large bulky 

molecules and the oils are usually thicker than regular diesel 

that is normally used for fuel in a diesel engine.  Therefore, we 

have to break apart this molecule to create a thinner product. 

The triglyceride reacts with the alcohol (usually methanol), the 

alcohol removes the glycerol molecule and creates three esters 

that are methyl or ethyl esters (depending on the alcohol used).  The slide shows how the molecule is 

broken apart.  A chemical catalyst (usually sodium or potassium hydroxide) similar to lye is also used to 

help break apart the oil molecules.   

Slide 4 

Slide 5 

Slide 6
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Slide 7 

The final products are the methyl or ethyl esters that are 

created (biodiesel) and the glycerol.  Glycerol is used to make 

soap, paints, resins. 

Slide 8 

The cellulosic ethanol process is very similar to the process 

used in making corn ethanol but it requires an extra step.  You 

can tell the sugars that are readily available in corn which 

makes it easy to ferment them into ethanol and purify it 

through distillation.  With a cellulosic material like wood or 

switchgrass, the sugars are mostly in the form of cellulose and 

hemicellulose and  are not  readily  available.   A  pretreatment 

step with  dilute acid  is used  to hydrolyze  hemicellulose  and  

make the cellulose more accessible to hydrolysis by enzymes.   

A few years ago, 60 farmers in East TN were contracted to grow switchgrass within a 50 mile radius of a 

pilot plant.  They are still working on the getting this process to be commercially viable. 

If time allows show an introduction video on ethanol research “Future Green: New Biofuel Crops”: 
http://www.switchenergyproject.com/topics/energysitevisits#energy-site-future-green-new-biofuels-crops 

Slide 9 

For the thermochemical conversion processes, the mainly 

differ by the amount of oxygen that is allowed in the system. 

Combustion is the most basic that we can all relate to.  You 

light a fire and you have combustion which produces heat 

energy.  This type of process is used in power plants to produce 

electricity.  With lower amounts of oxygen present we can have 

gasification which produces syngases like hydrogen that can be 

burned to produce electricity.  Pyrolysis allows no oxygen into 

the system and produces oils similar to crude that can be 

refined to biodiesel. 

Slide 7 

Slide 8 

Slide 9 
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Slide 10 

This slide shows some price comparisons of different fuel 

sources from 2015.  Blends with ethanol or biodiesel are 

relatively comparable in price.  Some of the advantages of fossil 

fuels include their availability, there is a well-established 

infrastructure for extracting and converting these into fuels. 

However, the disadvantage is that we rely on foreign 

production for our petroleum products which can affect our 

national and economic security. 

The efficiency of ethanol when burned as a fuel can be 

made up by __lower prices__ at the pump.  

Slide 11 

We can also compare fuels by their energy efficiency.  This is 

called the fossil energy ratio which is a ratio of the energy 

output of the final biofuel product compared to the fossil 

energy necessary to produce the biofuel.  Less than one means 

it is not energy efficient to produce….5.3 for cellulosic ethanol, 

3.2 for biodiesel, 1.4 for corn ethanol, 0.8 for gasoline (Sheehan 

and Wang, 2003).  It is also estimated that bioenergy from 

canola has a fossil energy ratio of 2.5 and ethanol from 

sugarcane has a fossil energy ratio of 8 (National Geographic, 

2008). 

Slide 12 

Now we will get into the different types of feedstocks that can 

be used for producing either cellulosic ethanol or biodiesel. 

For cellulosic ethanol, all you need is a material that grows 

quickly and produces a lot of cellulosic biomass.  Some of the 

most important ones include crop residues, herbaceous 

perennials, sorghum and woody crops. 

Slide 10 

Slide 11 

Slide 12 
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Slide 13 

Corn stover is the material that is left of the field after a corn 

harvest.  It is the largest untapped resource in the U.S. but other 

crops residues could contribute, like sugarcane bagasse and hay 

from seed production.   There is some concern about removing 

too much of this material because it could adversely affect 

erosion, soil organic matter or soil nutrients or biota.  The 

amount that can be removed is dependent upon things like 

location and soil type.  A study performed in the SE U.S. found 

that 1.3 to 3.1 tons/acre could be harvested as long as 

conservation tillage was utilized (Karlen et al., 1984, Braun et 

al., 2011). 

Slide 14 

Herbaceous perennials include switchgrass, miscanthus, 

alfalfa, native polycultures (big bluestem, little bluestem, 

indiangrass), sugar cane, energy cane.  Mitchell et al. (2008) 

identified 4 advantages to using herbaceous perennials over 

annual row crops: 

1. No annual establishment requirements (lower

economic/energy inputs)

2. Fewer chemical inputs (pesticide/fertilizer)

3. Produce large quantities of biomass

4. Ecosystem services (soil stabilization, soil carbon

sequestration, wildlife habitat)

Slide 15 

This slide shows a comparison between different herbaceous 

perennials based on a number of different factors.  The “-“ 

indicates that these are not as good for these categories while 

the “+” and “++” indicate good properties. 

Slide 13 

Slide 14 

Slide 15 
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Slide 16 

In finding ways to reduce competition with food crops, it is 

important to find areas where these feedstocks can be grown.  

Many native grasses can be grown on marginal land that is less 

fertile than cropland.  In places like the Great Plains that use a 

lot of center pivot irrigation, these grasses could be grown in 

the nonirrigated corners.  It is estimated that this could 

produce enough biomass to supply a 50 million gallon 

cellulosic ethanol plant. 

 

 

Slide 17 

Sorghum is an annual tropical grass that can be grown in a 

number of different climates. 

There are actually 4 different types of sorghum: sweet, forage, 

high-tonnage and grain.  Like the perennial grasses, sorghum 

can increase soil carbon due to their deep root system, they can 

grow in a range of soils, and can serve as an additional food 

source for livestock. 

Sweet sorghum requires less water and contains higher 

fermentable sugars than corn.  Ethanol production is similar to 

that of sugarcane.  Under favorable conditions, it can produce over 800 gallons per acre.  The remaining 

residue could be used for conversion to cellulosic ethanol.  Juice extraction must be done right away to 

avoid degradation. 

Forage sorghum can also be used to provide livestock feed.  It produces an average of 13.7 tons per acre, 

can grow 6 to 15 feet tall 

High-tonnage sorghum can produce 26-43% more than the forage type.  The more biomass you produce, 

the more ethanol you can get out. 

Grain sorghum is not as good as corn for livestock but the grain can be processed in traditional ethanol 

plants and is expected to account for 26% of U.S. grain sorghum use  

 

 

 

 

 

 

 

 

Slide 16 

 

Slide 17 
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Slide 18 

Woody crops are harvestable year-round, they have a low ash 

content and consistent energy and sugar content.  They are 

also perennial (i.e. low inputs).  Woody crops generally have a 

net energy ratio of 10-20:1 

Woody crops provide ecosystem services (soil conservation, 

mitigate atmospheric CO2, maintain hydrology) 

This material includes residues from logging (59 million dry 

tons/year) and forest health and hazardous reduction 

operations (44 million dry tons/yr) 

It is estimated that there are 334 million dry tons/year produced in forest wastes and residues 

Woody crops grown specifically for bioenergy production include those that are fast growing or short-

rotation woody crops like shrub willow (3.5->11 dry tons/acre/yr), hybrid poplar (4-8 dt/acre/yr), loblolly 

pine (4 dt/acre/yr) and eucalyptus (9-16 dt/acre/yr) (Mercker 2007; Braun et al., 2011). 

Slide 19 

Biodiesel feedstocks include a number of different types of 

crops.  Some of the more common are canola (rapeseed) 

(shown on the slide), soybean, sunflower, camelina, castor 

bean, mustard, safflower. 

Most common is soybean due to its additional uses as a protein 

source for animals and humans and providing N to the soil. 

About 700 million gallons of biodiesel from soybean was being 

consumed in the U.S. in 2008.  Winter canola and sunflower 

produce the most oil on a per acre basis (100-130 gallons/acre) 

and may work well for Tennessee.  With biodiesel there is the potential for farmers to produce their own 

fuel right on the farm since the process is relatively simple and the equipment is available for producing 

smaller batches. 

Slide 18 

Slide 19
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Test their Knowledge - Questions for the audience 

Fossil fuel prices are projected to continue to rise due to increasing consumption rates of 
__China__ and __developing countries__. 

The fossil energy ratio is the ratio of energy __output__ to the fossil energy necessary to 

__produce__ the fuel.  

T or F   Fossil energy ratio for gasoline is 0.8 which means it is not very efficient 

to produce. 

The problem with using crop residue is the possibility of removing too much which could 
result in ___erosion___ or loss of soil __organic matter___, _nutrients__, or ___biota____. 

Q:  What are the advantages of herbaceous perennials over annual row crops? 
1. No annual establishment requirements. (lower economic/energy inputs)
2. Fewer chemical inputs (pesticide/fertilizer).

3. Produce large quantities of biomass.
4. Ecosystem services (soil stabilization, soil carbon sequestration, wildlife habitat)

Q:  What are some desirable characteristics of different varieties of sorghum? 
A:  Can be grown in a number of different climates. 

 Can increase soil carbon. 
 Can grow in a range of soils. 

 Can serve as additional food source for livestock. 
 High tonnage 
 Can be processed in traditional ethanol plants 

Q:  Woody crops that can be used in biofuel production include: 

A:  Shrub willow, Hybrid poplar, Loblolly pine, Eucalyptus 

Q:  Examples of biodiesel feedstocks include: 

A:  Canola, soybean, sunflower, camelina, castor bean, mustard, safflower 



Evaluation

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

Name of Activity: Biofuel feedstocks Date of Activity: 

A. Instruction
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

B. General Learning and Change
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3. I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

C. Specific Learning
How much did you / do you know about these subjects?

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. How biomass energy is produced. 1 2 3 4 5 1 2 3 4 5 

2. Types of feedstocks used for biomass energy production 1 2 3 4 5 1 2 3 4 5 

D. Specific Practices
To what degree did you / will you do the following?

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Grow biomass energy crops 1 2 3 4 5 1 2 3 4 5 

2. Seek information related to renewable/biomass energy 1 2 3 4 5 1 2 3 4 5 

3. Produce renewable/biomass energy 1 2 3 4 5 1 2 3 4 5 

E. Satisfaction with Activity
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

F. Other comments?

Thank you for completing this survey! 



Biomass Energy Training Curriculum 

• • •

21 

Learning objectives: 

• Participants will be able to explain the environmental effects of bioenergy feedstocks

• Participants will be able to describe how a life cycle analysis works

Materials: 

• PowerPoint® slides “Environmental effects of bioenergy feedstocks”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Life cycle assessment 

CO2 release in different feedstock production 

Algae production for bioenergy 

Water requirements for different feedstocks 

Future focus for bioenergy feedstocks 

Part I:  Introduction to Biomass Energy 
Environmental effects of bioenergy feedstocks 
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Slide 1 

Topics will include life cycle assessment, CO2 release in 

different feedstock production, algae production for 

bioenergy, water requirements for different feedstocks and the 

future focus for bioenergy feedstocks. 

Slide 2 

The Renewable Fuels Standard is a mandate established by the 

federal government to help create an incentive for biofuel 

production.  This mandate requires increasing amounts of 

biofuels to be used for transportation fuels.  It is expected that 

by 2022, about 36 billion gallons of transportation fuel will 

come from biofuels each year.  This is expected to decrease oil 

imports by $41.5 billion by 2022.  Cellulosic ethanol and 

advanced biofuels use are mandated to increase over time 

(even if it has to be imported).  Advanced biofuels are those 

that rely on newer technology and may also include biodiesel 

production. 

Slide 3 

U.S. fuel consumption is dominated by fossil fuels at 83% of 

total consumption (37% Petroleum, 25% Natural Gas, 21% 

Coal) with nuclear energy at 9% and renewable energy at 8%. 

To manage risk involved in the volatility of this market, it is 

important to diversify our energy sources.  When we manage 

risk we can look to something like a retirement plan which 

shows the number of sources involved to prevent major risks 

from having a significant impact. 

Slide 1 

Slide 2 

Slide 3 
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Slide 4 

Life cycle assessments take into account everything from the 

production of the crop to its processing into fuel.  So you can 

follow the amount of energy required throughout the whole 

process as well as other things like carbon dioxide production 

and carbon storage.  Much of this is done with modelling. 

TAKE A BREAK FROM THE SLIDES TO DO THE ACTIVITY (below): Tracking carbon

throughout the lifecycle of cellulosic ethanol; from growing switchgrass to conversion to use of the fuel.

1. Cut out each equation on the dotted line below.

2. Provide participants images of process and chemical equations so that they can match each equation

with the its process from start to finish.  The correct sequence is:

(I) with (A), (C), (E), or (F)

(K) with (B)

(L) with (D)

(J) with (A), (C), (E), or (F)

(N) with (A), (C), (E), or (F)

(M) with (G)

(O) with (A), (C), (E), or (F)

(P) with (H)

Slide 4 
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(A) 

(B) 

(C) 

(D)
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(E) 

(F) 

(G) 

(H) 
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Planting 

 

 

 

 

 

 

 

 

 

 

 

(I) 
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Harvesting 

(J)
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Plant production (after first season of growth) 

 

 

 

 

 

 

 

 

 

 

 

(K) 
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Fertilizer application 

 

 

 

 

 

 

 

 

 

 

 

(L) 
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Cellulosic ethanol production 

(M)
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Baling and transportation to biorefinery 

 

 

 

 

 

 

 

 

 

 

 

(N) 
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Transportation of ethanol to gas station 

 

 

 

 

 

 

 

 

 

 

 

(O) 
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Driving with ethanol 

(P)
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Slide 5 

The cycling time is also important when comparing different 

life cycle characteristics.  In the carbon example, when fossil 

fuels are used the carbon that is released takes a long time 

(geologic time) to get back to its original form.  This is why it 

is considered a nonrenewable resource.  In the case of ethanol 

from plant materials, the cycling time is much shorter (within 

a season) for the carbon that is released to end up within plant 

material again. 

 

 

Slide 6 

One study performed a life cycle assessment where they took 

into account all the different ways that carbon dioxide is 

released during the production of bioenergy from different 

feedstocks.  This slide compares the carbon dioxide emissions 

produced from the creation of chemicals (fertilizers/pesticides) 

to grow these crops.  In this case reed canarygrass (RC), a tall 

cool season perennial with forage adapted to wet areas, and 

corn/soybean rotation under no-till (C/S NT) produce the 

most (Adler et al. 2007). 

 

Slide 7 

This slide shows a comparison in the carbon dioxide emissions 

produced from the fuel required to run the agricultural 

machinery used to grow and harvest these crops.  In this case, 

hybrid poplar and corn/soybean rotations under no-till 

produce the most (Adler et al. 2007). 

 

 

 

 

 

 

 

 

 

 

 

 
Slide 5 

 
Slide 6 

 

Slide 7 
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Slide 8 

After all components were integrated into the model, it was 

observed that, in comparison to the life cycle of gasoline and 

diesel, the ethanol and biodiesel produced from crops reduced 

GHG emissions.  In the end, switchgrass and hybrid poplar 

were best at these reductions.  What are these other 

components?  Yield and conversion rate, release and uptake of 

N2O and methane (Adler et al. 2007). 

 

 

 

Slide 9 

Algae has been identified as a potential biofuel product 

because it does not compete with food crops and it has higher 

energy yields on a per area basis than terrestrial crops.  It also 

has less potential to contribute to eutrophication and can be 

cultivated on marginal land using freshwater or saltwater.  The 

microalgae can be grown in large systems, then dried and the 

oils that they produce can be extracted and converted to 

biodiesel.  How do other factors involved in their production 

compare with other feedstocks? 

 

Slide 10 

This slide compares the energy required to produce one 

functional unit of energy (Clarens et al. 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 8 

 

Slide 9 

 

Slide 10 
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Slide 11 

This slide shows the greenhouse gas emissions from the 

production of one functional unit of energy. 

The three crops actually create a carbon sink while the energy 

production from algae releases carbon. 

If you note, corn is a better sink in this article than switchgrass 

while in the previous study it was the opposite.  Everyone’s 

model is going to be different, some with have attributes that 

others do not or use different data sources which can make the 

overall output different.  That is why it is very important to see what makes up each model.  This one did 

not take into account the conversion to fuel but estimated energy based on the biomass itself. 

Slide 12 

This slide shows the water required to produce of one 

functional unit of energy.  As can be expected, algae has a huge 

water requirement since this is the medium in which the algae 

can grow and survive. 

So is using algae for biofuel production not a viable option? 

There are options but they require planning.  To reduce 

greenhouse gas emissions, carbon dioxide can be used from 

flue gas produced from a coal power plant.  Normally carbon 

dioxide is bubbled into the system adding to cost and 

greenhouse gas production but if you use a waste project, it reduces both.  To reduce water consumption, 

energy, and GHG, using wastewaters from wastewater treatment plants are an option that could prove 

viable.  This of course requires planning in the construction of algae growth ponds near these facilities. 

Slide 11

Slide 12
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Slide 13 

Speaking of water, what is the water footprint of other 

bioenergy feedstocks? 

 

The water footprint is important because as world population 

increases (to 9.2 billion in 35 years), clean drinking water will 

become an issue for human consumption and ecosystem 

maintenance. 

 

Currently, about 86% of the world’s freshwater resources are 

used for the agricultural production of food and fiber.  We 

don’t want to add energy production to this burden.  Therefore, it is very important to identify those 

feedstocks that make the most the water available. 

 

Slide 14 

The table shows a comparison of different feedstocks and the 

amount of water they require per energy unit.  Rapeseed canola 

is identified as the highest water user in this list but this is most 

likely a spring-type variety which grows during the summer 

months.  In Tennessee, we are looking at growing a winter 

variety which presumably would not use as much water. 

 

The study did not take into account the energy required for 

production so this underestimates the water footprint 

(Gerbens-Leenes et al. 2009) 

 

Slide 15 

So based on some of the environmental effects of different 

biofuel feedstocks, what do we do?  If we start producing 

biofuel feedstocks on cropland what happens?  Food prices go 

up because the supply goes down.  We want to be both energy 

secure and food secure so this will not work.  Also, when prices 

go up, other countries will start producing these food crops 

and in many cases will clear land for ag production which has 

its own environmental concerns, particularly in certain areas 

of the world.  This causes release of C from the soil 

contributing to GHG emissions.  The resulting release of 

carbon dioxide from burning or decomposing biomass and oxidizing humus can negate any greenhouse 

gas benefits of biofuels for decades to centuries. 

 

 

Slide 13 

 

Slide 14 

 

Slide 15 
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Slide 16 

Therefore, it is important to focus on feedstocks that are going 

to cause the least environmental impact from the perspective 

of things like water usage, land use, and carbon dioxide 

production.   

1. Perennial plants like switchgrass can be utilized to 

produce cellulosic ethanol or combusted to produce 

electricity.  These plants minimize erosion because 

they only have to be planted once, their deep root 

systems help store carbon in the soil, they are efficient 

users of water and nutrients.  Degraded lands like CRP 

land could be used. 

2. If corn is already being grown, the crop residues can be used as a bonus crop for the production of 

biofuels.  The key is how much can be removed that will maintain soil carbon and prevent soil 

erosion.  These values vary depending on soil type, U.S. region and tillage practices and can range 

from 25-70% removal rate. 

 

3. Forested areas can be managed where material removed from the thinning process and material 

left over after tree harvests can be used for biofuel production. 

 

4. Double crops, like winter canola, can be grown in the winter season in between conventional row 

crops.   These crops can help keep soil in place during the normal winter fallow period and can 

allow more corn stover removal.  Mixed cropping systems allow food and energy crops to be grown 

at the same time. 

 

5. Municipal wastes (paper, cardboard, yard waste, plastics) can be converted to liquid fuels. 

 

Most of these won’t adversely alter water usage or N/P release by growing these feedstocks (double and 

mixed cropping systems might).  Economic factors will improve with technology. 

 

 

 

 

 

 

 

 

 

 

 

Slide 16 
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Slide 17 

A group of scientists tried to account for these concerns and 

tried to model what might occur if some of these 

considerations were implemented.  This slide shows their 

graphic of the current situation where we have grassland for 

forage production and cropland for food and fiber production 

with a sizeable amount of “idle land”. 

 

 

 

 

Slide 18 

By incorporating the suggestions we talked about previously, 

we can see that all idle land is used with the majority of it being 

devoted to producing cellulosic crops for ethanol production. 

 

There is greater carbon dioxide production due to an increase 

in fermentation for the production of ethanol.  Remember, 

however, that this carbon dioxide is coming from plants which 

is more renewable than fossil fuels which have a much longer 

carbon cycle. 

 

According to the study, by implementing some of these ideas, they estimated that they could use less than 

30% of total U.S. cropland, pasture, and range and produce 400 billion liters of ethanol annually without 

decreasing domestic food production or agricultural exports.  This would also reduce U.S. greenhouses by 

738 million tons carbon dioxide equivalent per year or over 10% of total U.S. annual emissions while 

increasing soil fertility and promoting biodiversity.  The study incorporated the use of double crops, 

cellulosic perennials, and corn stover but not wood. 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 17 

 

Slide 18 
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Test their Knowledge - Questions for the audience 

Q: Considering the CO2 produced by the creation of chemicals (including fertilizers and 
pesticides) used to grow these crops, of the reed canarygrass, the corn/soybean with no-
till, switchgrass, and hybrid poplar, which two produce the most CO2?  

A: Reed canarygrass and corn/soybean produce the most and switchgrass and  hybrid 
poplar produce less. 

 
Q: Considering the CO2 produced by the fuel requirements to run the agricultural 
machinery used to grow these crops, of the reed canarygrass, the corn/soybean with no-

till, switchgrass, and hybrid poplar, which two produce the most CO2 and which two? 
A: Corn/soybean and hybrid poplar produced the most. 

 
Q: Which bioenergy crops had the greatest effect in reducing GHG?  
A: switchgrass and hybrid poplar 

 
Q:  Why is algae being considered as a bioenergy crop? 

A:  Does not compete with food crops, has a higher yield per acre than terrestrial crops, 
can be cultivated on marginal land using fresh or salt water, has less potential to contribute 
to eutrophication 

 
Q: What makes algae less desirable as a biofuel crop? 
A: higher energy requirements, higher GHG emissions, higher water usage 

 
Currently, about _86_% of the world’s freshwater resources are used for the agricultural 

production of food and fiber. 
  
It is important to identify __feedstocks__ that make the most of available water. 

 
Q:  The two most important priorities for choosing biofuel feedstocks: 

A: 1. Choose those that produce lower life cycle CO2. 
 2. Choose those that do not compete with food production. 
 

Plant perennial crops on __degraded__ lands abandoned from agriculture use. 
 

Use crop __residues___ to produce ethanol or electricity.  
 
Use sustainably harvested __wood___ and __forest___residues.  

 
Use __double___ cropping and __mixed___ cropping systems. 

 
 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Environmental effects of bioenergy feedstocks Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. What a life cycle assessment is 1 2 3 4 5 1 2 3 4 5 

2. Differences in biomass energy feedstocks related to carbon dioxide 
production and, water use 

1 2 3 4 5 1 2 3 4 5 

3. Potential feedstocks or ways to produce feedstocks that will not 
compete with food production 

1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Support activities related to expanding biomass energy production 1 2 3 4 5 1 2 3 4 5 

2. Seek information related to biomass energy 1 2 3 4 5 1 2 3 4 5 

3. Grow biomass energy crops 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Part I:  Introduction to Biomass Energy 
Laboratory activity for bioenergy production - Ethanol 

The Ethanol Laboratory Procedure (“Do Yeast Prefer Corn Pops or Corn Meal?”) 

(see Appendix) is designed as a youth activity but it can be used as a 

demonstration by a trainer to talk to farmers about how ethanol is produced.   

Instead of using cereal, sugar or corn syrup can be used to compare with corn 

starch. 



Evaluation

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

Name of Activity: Laboratory activity for bioenergy production - ethanol Date of Activity: 

A. Instruction
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

B. General Learning and Change
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3. I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

C. Specific Learning
How much did you / do you know about these subjects?

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. The process involved in ethanol production 1 2 3 4 5 1 2 3 4 5 

2. The effect that available sugars have on how fast or how much
ethanol can be produced

1 2 3 4 5 1 2 3 4 5 

3. The difference between corn ethanol and cellulosic ethanol
production

1 2 3 4 5 1 2 3 4 5 

D. Specific Practices
To what degree did you / will you do the following?

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to bioenergy 1 2 3 4 5 1 2 3 4 5 

2. Participate in activities related to bioenergy production 1 2 3 4 5 1 2 3 4 5 

3. Seek a career in a bioenergy-related field 1 2 3 4 5 1 2 3 4 5 

E. Satisfaction with Activity
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

F. Other comments?

Thank you for completing this survey! 
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Part I:  Introduction to Biomass Energy 
Laboratory activity for bioenergy production - Biodiesel 

The Biodiesel Laboratory Procedure (see Appendix) can be used to demonstrate 

to older youth (grades 9-12), teachers or farmers how biodiesel is produced. 

Specific chemicals and safety equipment (goggles, gloves, fume hood) are 

required.  



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Laboratory activity for bioenergy production - biodiesel Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. The process involved in biodiesel production 1 2 3 4 5 1 2 3 4 5 

2. The effect that free fatty acids can have on biodiesel production 1 2 3 4 5 1 2 3 4 5 

3. How to perform a titration 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to bioenergy 1 2 3 4 5 1 2 3 4 5 

2. Participate in activities related to bioenergy production 1 2 3 4 5 1 2 3 4 5 

3. Seek a career in a bioenergy-related field 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the process of anaerobic digestion

• Participants will be able to explain how anaerobic digestion can be used on the farm to produce

energy

Materials: 

• PowerPoint® slides “Anaerobic digestion”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Definition and process 

Feedstocks for anaerobic digestion 

Components of anaerobic digestion systems 

Producing energy from anaerobic digestion 

How to build a system 

Uses of biogas from anaerobic digestion 

Part I:  Introduction to Biomass Energy 
Anaerobic digestion 
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Slide 1 
This presentation will focus on the use of anaerobic digestion 

to turn wastes, like manure, into energy.  The animal 

requirements and systems used will be discussed in detail. 

Slide 2 
Anaerobic digesters use bacteria in an oxygen-free 

environment to break down biomass into usable methane gas 

and other products. 

This diagram depicts the various types of anaerobic digester 

systems and ways to utilize the biogas (methane) and digestate 

(solids and liquids) from the digesters. 

The system you might use will depend on the feedstock type 

and daily volume, as well as ways you can utilize the methane 

and other products. 

Slide 3  
Anaerobic digestion is a natural process that takes place in an 

oxygen-free environment. 

Slide 1 

Slide 2 

Slide 3 
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Slide 4 

Anaerobes (bacteria that live without oxygen) consume and 

digest biological materials, giving off methane, carbon dioxide, 

hydrogen sulfide and other gases. The digestate that remains is 

a mixture of liquids and solids with a reduced nutrient value, 

making it less damaging to the environment than the original 

feedstock might be. 

 

The main reasons to use anaerobic digestion are to reduce 

odor and disposal costs of wastes such as manure and food 

processing wastes. This can also help meet regulatory 

requirements for things like reducing landfill space and greenhouse gas emissions.  As a bonus, the biogas 

produced can be used as an energy source for heating, electricity production and transportation fuel. 

 

Slide 5 
Any biological material can be digested. However, materials 

with high energy or nutrient value yield higher gas production.  

 

An important need is a steady and consistent supply of 

feedstock for the digester. For that reason, operations like 

dairies, food processing plants and municipal waste water 

treatment plants work well. 
 

 
Slide 6 
Anaerobic digesters on farms are typically found on large 

operations, with 500 or more cows. While smaller systems will 

certainly work, and you can find small home-built digesters on 

the Internet, the economics of scale favor larger systems. 

 

 

 

 

 
 

 

Slide 4 

 

Slide 5 

 

Slide 6 
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Slide 7 

As mentioned earlier, anaerobic digestion is a natural 

biological process for breaking down wastes into useful 

products. 

The process works best with a steady, consistent feedstock and 

consistent operating conditions. For example, allowing the 

digester to cool from 90F to 70F can cut gas production in half. 

The process needs about 30 days to complete, so allowing the 

system to cool by 20 degrees can double retention time. 

Slide 8 

Two basic types of construction are covered lagoons and tanks. 

Each has its advantages and disadvantages. 

Lagoons are simple and can be built large enough to handle 

large waste streams. However, the lagoon must be lined to 

prevent seepage of wastes into groundwater, and membrane 

covers must be maintained. Lagoons will also cool during 

winter and have reduced gas production and longer retention 

times. 

Insulated tanks can be used on smaller land areas, and the temperature can be maintained for optimum 

performance. Leaks can be easily identified before environmental damage occurs. But, tank digesters must 

be insulated and maintained to prevent corrosion damage and insulation damage. Entering a tank is also 

a deadly confined space job requiring special training, safety harnesses, and at least 2 supplied-air 

respirators (1 for the person entering the tank, and one for the required assistant at the opening to monitor 

the job and provide emergency assistance). 

Slide 7 

Slide 8 
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Slide 9 

The wastes fed into the digester as a slurry are broken down 

to liquids and solids that can be used in a variety of ways.  

In agricultural settings, the liquid is normally applied to 

land as irrigation water containing nutrients, reducing the 

need for commercial fertilizer.  

Note that if you are using an anaerobic digester, your 

operation is probably large enough to be considered a 

confined animal feeding operation (CAFO) which will

Slide 10 

Solids may be used as a soil amendment, dried and used as 

bedding or used to manufacture products such as seed 

germination pots, etc.

Slide 9 

require an approved comprehensive nutrient management 
plan (CNMP). This will require testing the liquid for its nutrient value and making applications that 
do not exceed the soil test recommendations, and it must not create runoff. 

Another use of the liquid might be as flush water in the manure handling system, reducing the need 

for fresh water. 

In some cases, such as food processing plants, the waste liquid is may be sent to the minucipal sanitary 

sewers. But, because the levels of biological materials and nutrients in the water is reduced, the disposal 

costs are reduced. 

Slide 10 
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Slide 11 

The gas of most interest from anaerobic digesters is methane 
(CH4), which is the same as natural gas. However, the gas is a 
mixture of useful methane, water vapor (H2O), corrosive 
hydrogen sulfide (H2) and nonflamamble carbon 
dioxide (CO2). Depending on your feedstock, there may also 
be other harmful compounds in the gas. 

While you can burn the gas as-is, removal of H2S, CO2 and 
H2O will improve performance of the engine, boiler or other 
devices utilizing the gas. 

Slide 12 
Hydrogen sulfide is a toxic gas with a rotten egg odor. When 
burned in an engine, it can form acids that break down 
the lubricants and lead to serious engine damage. 

Carbon dioxide simply reduces boiler or engine efficiency 
because it displaces methane in the fuel system, and it 
is nonflammable. Removing CO2 produces a more energy 
dense fuel supply. 

Slide 13 
Gas scrubbing / treatment systems are designed for the 
intended uses of the biogas. 

Slide 11 

Fortunately, both of these gases are relatively simple to scrub Slide 12

from the biogas, and the sulfur captured from the system can be used as a fertilizer ingredient or other 
uses. 

Slide 13 
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Slide 14
Water vapor in the biogas reduces it energy density, and water 

also contributes to corrosion in the biogas pipes and tanks. 

Cooling the biogas will condense some of the water vapor to 

liquid that can be drained from the system.  

If the biogas can be cooled to 40F, it will reduce moisture 

to 1% and increase generator output by 5%.

Slide 15
The simplest use of biogas is to fire a boiler for heating 

water or structures.  

Scrubbing the moisture and contaminants from the biogas 

will improve boiler efficiency, and increase the service 

life by reducing corrosion. 

But, burning biogas for heat may not be a viable option 

for most users, because you must have a need for large 

amounts of heat year-round.  

Generating electricity is often a better choice, because electricity can be sold onto the utility grid and used 

24/7.

Slide 16
Follow material on presentation slide. 

Slide 14 

Slide 15 

Slide 16 
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Slide 17
Biogas can also be used to power generators, producing both 

electricity and heat. These pictures depict small to very 

large Caterpillar generator sets designed for biogas 

fuels. For perspective, the 4,300 kW generator set has an 

engine of over 6,000 horsepower and can power more 

than 3,000 homes (assuming 1,000 kWh per month per 

home, typical for Tennessee). 

Slide 18

Another logical use of the gas is to scrub it and compress it 

for use in vehicles. Compressed natural gas (CNG) can be 

3,000 to 6,000 psi, so specialized equipment is needed. But, 

this will become easier as more vehicles and fueling 

systems are introduced.  

A recent introduction is the New Holland biogas-powered 

tractor. The diesel engine has been modified with a 

spark ignition system and natural gas fuel system 

configured for biogas, and the machine delivers the same 

performance as the diesel version.

Electricity would typically be sold directly onto the utility grid, 

the same as for solar photovoltaic energy, with a power Slide 17

production agreement through the electric utility. Assuming a wholesale power rate of $0.04 per 

kilowatt-hour, a 100 kW generator would produce $4.50 per hour in electricity sales, or about $2,880 per 

month. The two 250kW generators running at one biomass to energy facility might generate about 

$14,400 per month in electricity sales. 

The waste heat from the engine coolant can be used to heat water and structures, or to heat the 

digesters in cold weather. 

Slide 18 
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Slide 19
Liquid natural gas (LNG) is a cryogenic liquid at about -260F 

temperature, requiring expensive, heavy insulated tanks.  

Equipment to produce LNG from biogas will be very 

expensive and not likely to be found at farms and homes.  

Larger users may be able to justify the cost of the 

equipment and vehicle conversions. For example, UPS is 

using LNG to power many of the over-the-road tractor-

trailer rigs.

Slide 20 
Another possible use of methane is to convert it to hydrogen 

gas than can be used to power hydrogen fuel cells. This 

is another technology that is not likely to be adopted on a 

small scale due to complexcity and costs. Hydrogen storage 

requires very high pressure cylinders or cryogenic 

storage at 160 degrees colder than LNG.

Slide 21 
Another use biogas is to scrub it sell it to the local natural gas 

utility.   

This is an option only if there is a natural gas distribution 

very near the digester system. 

Utility gas requires a much greater level of gas treatment 

or conditioning than is necessary for on-site uses. It will 

also require a means of injecting the odorants to make gas 

leaks detectable by smell, and routine sampling to assure 

proper gas quality. 

In this example of landfill gas, notice that the levels of CO2, H2S and siloxanes for utility gas are 

reduced by more than 98% from the levels acceptable for treated gas used on-site. 

Slide 19 

Slide 20 

Slide 21 
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Slide 22 

The tax incentives are another consideration for 

renewable fuels utilization.  

Use of biogas to power generators is eligible for tax incentives, 

grants and loans, while utility use does not qualify. 

Slide 23 
Flaring excess gas is undesirable because it generates 

no revenue. However, flaring may be required when excess 

gas is produced or when generators are offline for 

maintenance and repair. 

Do not simple vent biogas to the atmosphere, though, 

because methane is a more potent greenhouse gas than 

carbon dioxide. 

Slide 24
OK, so you want to install an anaerobic digester system?  

First, ask yourself if you have enough waste feedstock every 

day to feed the system. 

It is reported that at least 500 cows is needed for a system to 

be economically viable, but some suggest as many as 2,000 

cows might be needed.  

Based on these numbers, there are very few farms in 

Tennessee that might be able to consider anaerobic digestions 

for manure management.

Slide 22 

Slide 23 

Slide 24 
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Slide 25 

Is your manure handling system compatible with 

anaerobic digestion? 

A slurry or semi-solid manure mixture with 5-20% solids 

is most compatible.  

Thinner or mixtures and manure that has been dried are not 

as suitable for biogas production. 

Slide 26 
Next, consult with engineers that have installed successful 

systems similar in size to your proposed system.  

This will require a lot of planning and engineering design 

work. You should not even think about moving ahead 

until you have all these aspects of the system resolved.

Slide 27 
In addition to the planning and engineering, you must make 

a commitment to provide daily management of the system 

to monitor performance, maintain system components 

(digester hardware, gas scrubbers and compressors, engines, 

digestate management equipment, etc.). 

You must also maintain regular communications with your 

partners (electric utility, equipment providers, digestate users, 

regulators, etc.).

Slide 25 

Slide 26 

Slide 27 
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Slide 28 

Use of the digestate liguids and solids also required planning, 

because they are rich in nutirents and must be used correctly 

to minimize negative environmental impacts. As 

mentioned earlier, you may be required to have an approved 

CNMP and test the liquids and solids in order to calculate 

application rates in compliance with soil test 

recommendations and regulations.

Slide 29
We’ve mentioned this several times already, but it is worth 

repeating again.  

Anaerobic digestion works best in a continuous, steady-state. 

You need a steady supply of wastes every day that is 

consistent in quality and consistency.  

In cold or winter conditions, it may be necessary to preheat the 

waste before it enters the digester.

Slide 30 
You must take care to not introduce contaminants that 

can clog the system, damage equipment or poison the 

system. Make sure wash water for dairy tanks and pipelines 

containing acid and disinfectants is disposed of through other 

means. 

Killing off the bacteria with disinfectants can result in poor 

waste treatment and little gas production.  

Slide 28 

Slide 29 

If your system budget depends on electric power sales to the 

utility, a dead system will produce no income. In addition to Slide 30

reduced power sales income, you might also compromise the power sales agreement with the utility and 

incur penalties.
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Slide 31
Now, let’s take a quick look at lagoon digesters. 

In the simplest form, the lagoon is a lined pond or 

reservoir with an airtight cover. Wastes are fed into one 

end and digestates flow out the other end, with the biogas 

being trapped by the cover and piped to wherever it will be 

used. 

In this example, the second cell stores the digester effluent and 

some additional treatment can take place there. 

Some systems may use a single, covered cell for both digestion and storage.

Slide 32 
A plug flow digester is similar to a lagoon, except it consists of 

long, narrow channels so that the material flows through the 

digester without mixing fresh feedstock with older, treated 

material. 

Plug flow digesters might be a back and forth path of channels, 

similar to the lines for theme park rides, in order to minimize 

land required for the system.

Slide 33 
Complete mixing digesters work best for wastes that are fluid 

enough to stir well. In a dairy or other manure system, some 

dilution will be needed to thin the mixture.

Slide 31 

Slide 32 

Slide 33 
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Slide 34

This map from the American Biogas Council in 2015 shows 

known biogas systems in the United States. 

Red = agricultural systems 

Yellow = landfills 

Blue = waste water treatment plants

Slide 35 
Looking at only the agricultural systems, notice there are only 

a few in the South, and none in Tennessee.

Slide 36 
There are a number of landfill gas collection systems in place, 

and some in Tennessee. The landfill gas is typically used to run 

generators and the electricity is sold onto the power grid.

Slide 34 

Slide 35 

Slide 36 
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Slide 37

Waste water treatment facilities also capture methane. In 

some cases it is simply flared, but is of much greater value to 

burn in commercial power plants, power generators, or to 

pre-heat sewage entering the plant for faster treatment in 

winter.

Slide 38 
Zooming in, we can see several landfill and waste water plant 

biogas facilities in Tennessee, but notice there are no 

agricultural installations at this time.

Slide 39 
Perdue Farms in Cromwell Kentucky has installed anaerobic 

digestion to pre-treat waste water before final treatment and 

disposal. 

The digester is approximately 137,000 sf or 3.14 acres

Slide 37 

Slide 38 

Slide 39 
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Slide 40 

This project summary describes the annual impact of this 

project. 

Notice the value of the energy produced and natural gas 

savings; and the 15-month payback period.

Slide 41 
Keystone Foods, at Albany, Kentucky installed anaerobic 

digestion to treat processing waste water and reduce disposal 

costs. 

The system covers approximately 256,000 sf or 5.9 acres. 

In this aerial photo you can see that the liquid effluents are 

irrigated onto surrounding land. Looking close, you can 

also see evidence of runoff from the irrigated areas onto 

down-slope land.

Slide 42 
Keystone Foods uses the biogas to heat water for the 

processing plant, and offsets almost 300,000 gallons of 

propane annually.

Slide 40 

Slide 41 

Slide 42 
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Slide 43 

One Memphis, Tennessee waste water treatment plant 

captures methane and pipes it to the adjacent Tennessee 

valley Authority power plant.  

The biogas offsets about 20,000 tons (200 rail car loads) of coal 

annually.

Slide 44 
This table from TVA shows the impact of the Allen Fossil 

Plant (Memphis) and other biogas energy projects in the 

TVA system, The other biogas projects include landfill gas 

and waste water treatment systems.  

I am sure the numbers are higher today than when this 

report was released.

Slide 45 
In summary, anaerobic digestion is a viable option for some 

farmers and businesses to convert was biological materials 

into useful biogas.  

But, AD systems are not economically feasible for small 

operations, and the systems will require a long-

term commitment to provide daily management.  

There must also be a use for the biogas that can offset 

other energy sources or that can be marketed to recover the 

system installation costs.  

And, the various tax credits and financial incentives may not favor all system options to the same extent.  

Anyone considering AD systems must consult experienced engineers and financial advisors with 

experience in renewable energy systems. 

Slide 43 

Slide 44 

Slide 45 
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Slide 46 
You can find more information on anaerobic digestion 

systems from a variety of sources, including these US 

government agencies 

Slide 46 

Test their Knowledge - Questions for the audience 

 Q:  What is anaerobic digestion? 

 A:  A process using microbes that live without oxygen to reduce waste (like 

 manure) and produce methane which can be burned for energy. 

 Q:  How many animals does a producer need to make an anaerobic digestion 

 system worthwhile? 

 A:  500 cows 

 2,000 hogs with anaerobic lagoons 

 5,000 hogs with deep pits 

 Q:  What can the digested solids be used for? 

 A:  Bedding material, soil amendment, biodegradable plant pots, structural 

 building materials 

 Q:  How can the methane be used? 

A:  It can be burned to create electricity, it can be burned directly in boilers in 

 place of propane and it can be further processed and converted into   

 compressed natural gas to run vehicles. 

 Q:  What local production exists? 

 A:  Perdue Farms, Cromwell, KY 

 Keystone Foods, Albany, KY 

 Memphis Waste Water Plant, Memphis, TN



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Anaerobic digestion Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. The process involved in anaerobic digestion 1 2 3 4 5 1 2 3 4 5 

2. How anaerobic digestion can be used to produce energy on the 
farm 

1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to anaerobic digestion 1 2 3 4 5 1 2 3 4 5 

2. Produce energy using anaerobic digestion 1 2 3 4 5 1 2 3 4 5 

3. Tell others about anaerobic digestion 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the biodiesel production process

• Participants will be able to identify the chemicals required to produce biodiesel

• Participants will be able to outline the chemical safety hazards involved in the biodiesel

production process

Materials: 

• PowerPoint® slides “Biodiesel production”

• Lesson guide:  Use the notes in this lesson guide to present information for each slide.

• Videos: “Biodiesel Production – Part 1 Producing oil from oilseeds” 

https://www.youtube.com/watch?v=a1E8Nb4H_0I 

“Biodiesel Production – Part 2 The degumming process” 

https://www.youtube.com/watch?v=fFqrAvnihEM 

“Biodiesel Production – Part 3 Determining the amount of chemicals” 

https://www.youtube.com/watch?v=YzdILuogQpE 

“Biodiesel Production – Part 4 Making biodiesel” 

https://www.youtube.com/watch?v=NXWyfUTI_50 

“Biodiesel Production – Part 5 Separating and cleaning the biodiesel” 

https://www.youtube.com/watch?v=M_6WAN50w5A 

• Factsheets: “Small-Scale Biodiesel Production” 

http://www.tnstate.edu/extension/documents/SmallScaleBiodiesel.pdf 

“Maximizing the Biodiesel Process” 

http://www.tnstate.edu/extension/documents/MaximizingProduction.pdf 

Copies of both publications can also be found in the Appendix. 

Part II:  On-farm Biodiesel Production 
Biodiesel production – steps for success 
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• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Importance of bioenergy 

Biodiesel conversion process 

Equipment for biodiesel production 

Advantages and disadvantages of biodiesel 
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Slide 1 

This section will cover how biodiesel can be made on the farm 

and the equipment that is needed to produce biodiesel.  It will 

also discuss the advantages and disadvantages of biodiesel. 

 

 

 

 

 

 

 

Slide 2 

This part of the curriculum is based on a series of workshops 

developed using a mobile biodiesel demonstration that shows 

the equipment needed for biodiesel production and allows 

participants to see the pressing of oilseed to make oil and the 

process involved in converting that oil into biodiesel.  This 

mobile demonstration can be brought to a meeting that you 

are having to provide additional assistance in describing the 

overall process of making biodiesel.  There is also a Twitter 

account, Facebook page and website with additional updates 

and resources. 

 

Slide 3 

U.S. fuel consumption is dominated by fossil fuels at 83% of 

total consumption (37% Petroleum, 25% Natural Gas, 21% 

Coal) with nuclear energy at 9% and renewable energy at 8%.  

To manage risk involved in the volatility of this market, it is 

important to diversify our energy sources.  When we manage 

risk we can look to something like a retirement plan which 

shows the number of sources involved to prevent major risks 

from having a significant impact. 

 

 

 

 

 

 

 

 

Slide 1 

 

Slide 2 

 

Slide 3 



Biomass Energy Training Curriculum 

• • • 

78 

 

Slide 4 

This slide shows the recent projections for diesel fuel prices.  

You can see the large decrease in overall prices that we saw in 

the early part of 2015.  They are expected to rise as 

consumption increases, particularly for diesel fuel, to around 

$2.50/gallon by the end of 2017. 

 

 

 

 

 

Slide 5 

This slide shows the top 5 countries that export their crude oil 

to the U.S.  Saudi Arabia and Venezuela are both part of OPEC 

that has given us problems in the past.  Recently, Saudi Arabia 

has worked to depress oil prices so that they are too low for 

fracking to be economically viable.  This directly affects our 

production capability. 

 

 

 

 

Slide 6 

The Renewable Fuels Standard is a mandate established by the 

federal government to help create an incentive for biofuel 

production.  This mandate requires increasing amounts of 

biofuels to be used for transportation fuels.  It is expected that 

by 2022, about 36 billion gallons of transportation fuel will 

come from biofuels each year.  This is expected to decrease oil 

imports by $41.5 billion by 2022.  Cellulosic ethanol and 

advanced biofuels use are mandated to increase over time 

(even if it has to be imported).  Advanced biofuels are those 

that rely on newer technology and may also include biodiesel 

production. 

 

 

 

 

 

 

Slide 4 

 

Slide 5 

 

Slide 6 
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Slide 7 

This graph shows the recent production of biodiesel on a 

commercial basis.  It is still very small in comparison to 

ethanol production.  The kind of biodiesel production we will 

be talking about will most likely not be on a commercial basis.  

Biodiesel produced on the farm can be used by the farmer 

without having to meet any specific regulations.  If it is sold 

commercially, however, it has to be tested to meet specific 

standards which would cost money. 

 

 

Slide 8 

The chemical process used to produce biodiesel is called 

transesterification.  Vegetable oils and animal fats are 

primarily triglycerides which contain three fatty acids that are 

esters and one glycerol molecule.  These triglycerides are large 

bulky molecules and the oils are usually thicker than regular 

diesel that is normally used for fuel in a diesel engine.  

Therefore, we have to break apart this molecule to create a 

thinner product.   

 

 

Slide 9 

This slide shows what the large, bulky triglyceride molecule 

looks like.  The triglyceride reacts with the alcohol (usually 

methanol), the alcohol removes the glycerol molecule and 

creates three esters that are methyl or ethyl esters (depending 

on the alcohol used).  The slide shows how the molecule is 

broken apart.  A chemical catalyst (usually sodium or 

potassium hydroxide) similar to lye is also used to help break 

apart the oil molecules.   

 

 

 

 

 

 

 

 

 

Slide 7 

 

Slide 8 

 

Slide 9 
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Slide 10 

The final products are the methyl or ethyl esters that are 

created (biodiesel) and the glycerol.   

 

Glycerol is used to make soap, paints, resins. 

 

 

 

 

 

 

Slide 11 

This slide shows the mobile demonstration that has been used 

in a number of counties in Tennessee to show producers how 

they can make their own fuel on the farm.  It contains a seed 

press (left) for crushing the oilseeds and releasing the oil and 

the biodiesel processor (right) for converting the oil into 

biodiesel. 

 

 

 

 

Slide 12 

For the screw press, seed is fed into the machine using the 

hopper you can see above the equipment.  Oil drips from the 

holes you can see on the right-hand side and canola meal 

(everything that is left over, similar to soybean meal) is 

extruded out the far right hand side.   

 

Our video of this process can be found at: 

https://www.youtube.com/watch?v=a1E8Nb4H_0I 

 

The price for these presses is variable based on the size of the 

press (i.e. the amount that can be processed in one day) and the country where the press is produced.  

Prices usually range from $2,000 (China) to $14,000 (Germany).  The one used in the mobile biodiesel 

demonstration (shown in the slide) was around $8500 and came from the Oil Press Company in the U.S.   

 

 

 

 

Slide 10 

 

Slide 11 

 

Slide 12 
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Slide 13 

As will the presses, biodiesel processors can range in price 

depending upon the capacity and the company.  The range for 

these is between $3,000 and $10,000.  The one that is used in 

the mobile biodiesel demonstration (shown in the slide) was 

around $3,000 and can produce batches between 20 and 40 

gallons in size. 

 

Prior to converting the oil to biodiesel, the oil should go 

through a degumming process where the oil is washed with 

water.  This helps to remove natural gums from the oil which 

could make it difficult to separate the biodiesel from the glycerol product and reduce yields.  The 

equipment used to convert the oil to biodiesel can be used for this degumming step.  The oil to be used is 

poured through a filter attached to the gray 55 gallon drum behind the processor and then pumped up 

into the large 110 gallon tank on the processor shown in the picture.  This processor has an attachment at 

the top where a garden hose can be attached an allow water into the system so that it can flow down 

through the oil and remove the gums present.  After waiting for the water to settle to the bottom of the 

tank, a valve at the bottom can be opened to release the water.  This can be done as many times as it takes 

for the water that is released to look clear rather than milky.  The lab examples on the left section of the 

slide show this difference. 

 

Our video of this process can be found at:  https://www.youtube.com/watch?v=fFqrAvnihEM 

 

Once degumming has been done, the oil can be heated to remove any excess water and prepare the oil for 

the chemical reaction.  Heating will enhance the speed of the reaction.  Prior to adding the required 

chemicals, a sample of the oil will need to be tested with titration kits that usually come with the equipment 

to determine the amount of catalyst (sodium or potassium hydroxide) that is required. 

 

Our video of this titration process can be found at:  https://www.youtube.com/watch?v=YzdILuogQpE 

 

The catalyst and the alcohol (usually methanol and usually 25% of the volume of oil to be converted) are 

mixed in the smaller tank on the processor and then pumped into the larger tank where the reaction will 

take place for about 2 hours.  It is important to note that the catalyst and alcohol used in this process are 

considered health hazards and care must be taken to use the proper protective equipment in a proper 

working environment. 

 

Our video of this titration process can be found at:  https://www.youtube.com/watch?v=NXWyfUTI_50 

 

 

 

Slide 13 
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After about 2 hours, the pump circulating the material can be turned off and the biodiesel can be allowed 

to settle out and separate from one another.  This is usually something that requires a number of hours to 

ensure proper separation occurs for maximum yield.  Many times, it can be allowed to separate overnight. 

As shown in the laboratory image on the right side of the slide, the dark-colored glycerol will settle to the 

bottom and the lighter, yellow-colored biodiesel will remain above.  The glycerol can be removed using 

the valve at the bottom of the tank and the biodiesel can be washed with water (similar to the degumming 

process above) to remove any impurities that may remain from unused catalyst or alcohol.  After this, the 

biodiesel can be heated to remove any excess water. 

Our video of this process can be found at:  https://www.youtube.com/watch?v=M_6WAN50w5A 

The glycerol byproduct is considered a hazardous waste because of the remaining catalyst and alcohol that 

it may contain.  The glycerol is a material that is used by a number of industries to produce soaps, paints 

and resins so a local industry may be able to purify and use this material.  Also, there are methanol recovery 

systems ($3500) that can remove the methanol (which can be reused to produce more biodiesel) and 

increase the purity of the material. 

Biodiesel produced on the farm to be used by the producer does not need to meet specific standards as 

selling on the commercial market would.  To determine the quality of the biodiesel produced, there are 

test kits available that do not cost as much as the specific lab tests and are simple and basic and rely on 

color indicators relative quality of biodiesel produced (3 parts of ASTM standard).  While it does not go 

through all of the quality tests, it can give an idea of the quality before it is used.  Just keep in mind that if 

it does harm the engine, the warranty will be void.  Another alternative is to have a laboratory test a batch 

and if it passes then, presumably, if the process is carried out the same way for future batches, it should be 

of good quality. 

Slide 14 

This slide shows a list of questions that should be asked when 

selecting a biodiesel processor. 

In Question #4 a methanol transfer system allows for the 

transfer of methanol from a 55 gallon drum into the small tank 

without having to pour or measure the material.  The system 

shown previously has this which uses a hand pump to measure 

out the correct amount of methanol into the tank.  This is an 

important safety feature to have. 

In Question #7, some systems rely on an acid rather than a base as their catalyst.  The acid catalyst system 

usually takes longer to produce biodiesel and is not really recommended. 

Slide 14 
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Question #8 is probably the most important question so that when you buy one of these processors you 

have someone to contact when something goes wrong. 

 

Slide 15 

There are a number of advantages and disadvantages in the 

use of biodiesel. 

 

The advantages include: 

 

1. Environmentally friendly:  lower sulfur (20-50 

times less) and aromatic content, reduced 

particulate matter by 75-83%, non-toxic, 

renewable, high flash point compared with 

petrodiesel.  This reduces risks of handling, 

transporting and storing 

2. Biodegradable: 4 times faster than petrodiesel (like sugar) 

3. Good lubricant:  66% better than petrodiesel, reduces long term wear in diesel engines (less 

than half the wear of engines running low sulfur petrodiesel).  Even levels below 1% biodiesel 

can provide 30% increase in lubricity 

4. Increased combustion efficiency:  High oxygen content of molecules increases combustion 

efficiency 

5. Higher cetane number: relates to diesel quality, shorter ignition delay 

 

The disadvantages include: 

1. Lower power:  8% reduction in power (1.1 gallons of biodiesel is needed to do the same work 

as 1 gallon of petro) https://www.ag.ndsu.edu/news/newsreleases/2007/april-19-

2007/biodiesel-can-work-well-in-engines/) 

2. Higher consumption values:  due to higher oxygen content 

3. Higher cloud and pour point can affect cold start 

4. Higher viscosity can affect fuel pumping and copper strip corrosion 

A lot of these disadvantages can be mitigated by blending biodiesel with regular diesel.  There are currently 

a number of stations that offer B5 (5% biodiesel) or B20 (20% biodiesel). 

 

 

Slide 15 
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Test their Knowledge - Questions for the audience 

T or F Biodiesel produced on the farm can be used by the farmer without having to          

meet any specific regulations.  

Methoxide, potassium hydroxide and sodium hydroxide can cause   chemical 

burns. 

  

Methanol can cause   blindness  . 

 

Methanol can be   absorbed   directly through the skin as vapors. 

 

Methanol is also   flammable  . 

 

Q:  What are some advantages and disadvantages of biodiesel? 

A:  Advantages:  environmentally friendly; 20-50 times less sulfur than petrodiesel; 

reducted aromatic content; reduced risks of handling; transporting and storing; 

biodegradable; 66% better lubricant than petrodiesel, increased combustion 

efficiency; shorter ignition delay 

Disadvantages:  5% reduction in power, higher consumption values, higher cloud 

and pour point can affect cold start; higher viscosity can affect fuel pumping and 

copper strip corrosion. 
 



Evaluation

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

Name of Activity: Biodiesel production Date of Activity: 

A. Instruction
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

B. General Learning and Change
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3. I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

C. Specific Learning
How much did you / do you know about these subjects?

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. How biodiesel is produced 1 2 3 4 5 1 2 3 4 5 

2. The importance of chemical safety in biodiesel production 1 2 3 4 5 1 2 3 4 5 

3. The advantages and disadvantages of biodiesel use 1 2 3 4 5 1 2 3 4 5 

D. Specific Practices
To what degree did you / will you do the following?

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to biodiesel and biodiesel production 1 2 3 4 5 1 2 3 4 5 

2. Produce biodiesel 1 2 3 4 5 1 2 3 4 5 

3. Use biodiesel 1 2 3 4 5 1 2 3 4 5 

E. Satisfaction with Activity
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

F. Other comments?

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the agronomics of sunflower and winter canola production

Materials: 

• PowerPoint® slides “Agronomics of sunflower and winter canola”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Factsheet: “Sunflower for biodiesel production” 

http://www.tnstate.edu/extension/documents/Sunflower.pdf 

Factsheet: “Growing winter canola for biodiesel production” 

http://www.tnstate.edu/extension/documents/Canola.pdf 

Copies of factsheets can also be found in the Appendix. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Comparison of biodiesel feedstocks 

Sunflower production 

Planting sunflower 

Fertilizer management of sunflower 

Harvesting sunflower 

Winter canola production 

Planting winter canola 

Fertilizer management of winter canola 

Harvesting winter canola 

Part II:  On-farm Biodiesel Production 
Agronomics of sunflower and winter canola 
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Slide 1 

The topics of this presentation will involve a comparison of 

different feedstocks for biodiesel production, and planting, 

fertilizer management, harvesting and storage of sunflower 

and winter canola. 

 

 

 

 

 

 

Slide 2 

This slide shows a good comparison of different oilseed 

feedstocks based on the expected yields of biodiesel on a per 

acre basis.  Sunflower and rapeseed (canola) are on the upper 

end of this chart which is why we will be going through the 

agronomics of growing these for biodiesel production.  

Soybean has much lower yields because the seed only contains 

about 20% oil whereas sunflower and rapeseed (canola) have 

about 40% oil. 

 

 

Slide 3 

Sunflower is a summer annual crop that produces high oil 

yields.  There are a number of different types of seed which we 

will get to in the next couple of slides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 1 

 

Slide 2 

 

Slide 3 
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Slide 4 

North Dakota currently has the most acres of sunflower in 

production for both oil and non-oil uses.  Altogether, 

according to the 2012 Census of Agriculture there are around 

1.9 million acres in sunflower production in the U.S., about 1.6 

million acres for oilseed production.  Almost half of the total 

U.S. production comes from North Dakota.   

 

 

 

 

Slide 5 

There are two different types of sunflower seed, the oilseed 

(left) and the confectionary (right).  The oilseed is the one that 

we will be focusing on for oil and biodiesel production while 

the confectionary is the type that we normally eat.   There are 

3 types of oilseed:  standard or linoleic, NuSun or mid-oleic, 

and high oleic 

 

Linoleic:  used to produce a low-saturated fat cooking oil 

NuSun:  predominant oiltype grown, seeds produce a healthier 

oil that contains less saturated fat than linoleic types 

High-oleic:  produce seeds that contain specialty oil very low in saturated fats, used in lubricants and 

coatings, grown by contract only. 

 

The seed generally contains about 40% oil and 18 to 25% protein whereas soybean contains 20% oil and 

40% protein. 

Select seeds that have high oil content (at least 40%) and high weight (at least 25 lbs. per bushel) and 

disease and insect resistance if possible.  The oilseed market pays a premium for seeds with high oil 

contents (>40%).  Certain hybrids are also tolerant of herbicides.  Clearfield, usually identified by “CL” in 

the hybrid name indicates that it can use the herbicide, Beyond, which will eliminate broadleaf 

competition but not harm the sunflower plant.   

 

 

 

 

 

 

 

 

 

Slide 4 
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Slide 6 

It is recommended to plant once soil has reached 50F.  Seeds 

are generally planted at 1-2 inches depth and take about 4-5 

days to emerge if soil is warm, a few days longer in cool soil.  

30 inch row spacing is traditionally used.   

 

In early development the heads track the sun so many times 

the sunflowers are planted in N to S rows so that the plants will 

lean into the row spaces rather than into each other and cause 

seeds to fall.  Plants will adjust to some extent based on stand 

density by adjustments in head size, seed size, and number of 

seeds per head.   

 

Usually want 14,000 to 22,000 plants per acre.   

 

Reaches bloom stage about 65 to 70 days after planting and maturity 105 to 115 days after planting. 

 

Slide 7 

Anytime no-till is used, it is a good idea to incorporate crop 

rotations and pre- and post-emergence herbicide applications 

to help reduce weed competition.  The crop residues 

remaining on the field from the previous crop help to reduce 

erosion and weed competition and increase soil moisture and 

water infiltration.  Planting into these residues can cause some 

issues, however.  It is important to use residue managers to at 

least remove residue from the seeding row prior to planting to 

ensure even planting and placement for double disc openers.  

Single disc openers and narrow-point hoe openers have been 

used successfully for planting into residue. 

 

 

 

 

 

 

 

 

 

 

 

Slide 6 
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Slide 8 

It is always recommended to take a soil test prior to planting.  

  

Sunflower requires 6 to 7 lbs of N for every 100 lbs of seed 

production.  Therefore a yield of 1500 lbs of seed per acre 

would require 90-105 lbs N per acre.  If wheat or a legume is 

grown prior, then N rates should be lowered.  Excessive N can 

result in decreased oil content and increased lodging.  N can 

be applied as preplant, sidedress or a combination. 

 

Phosphorus should be applied if soil tests are below medium. 

It can be applied as preplant broadcast, preplant knifed, or banded at planting. 

 

Potassium should be applied if soil tests are below medium. Can be applied preplant broadcast and 

incorporated. 

 

Liming is recommended if pH is 6 or less. 

 

Slide 9 

Seeds are mature when the back of the flower head is yellow.  

When the head turns brown on the back, the seeds are usually 

ready for harvest.   

 

Platform, row-crop and corn heads can be used to harvest 

sunflower.  Row-crop heads can be used without 

modifications.  Corn heads need to be modified with a 

stationary cutting knife.  Platform heads can be used without 

modification but can have higher seed and head loss.  Adding 

pans to the front of the platform and/or modifying the reel can 

improve efficiency. 

 

With threshing you want to pass the head nearly intact through the combine or in a few large pieces with 

all developed seeds removed from the head.  If the head is too ground up it will make the seed trashy. 

Store at 10% moisture during colder periods, 8% moisture during warmer periods 

 

 

 

 

 

 

Slide 8 
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Slide 10 

Canola is a variety of rapeseed that was bred by a Canadian 

scientist to remove erucic acid and glucosinolates.  This can be 

found in the name as it stands for Canadian Oil of Low Acid.  

This improved the negative health effects and bitter taste 

associated with rapeseed, making it edible.  One million acres 

of canola are produced in the U.S. and 90% of this is produced 

in North Dakota.  

 

Canola contains edible oil low in saturated fats with a high 

oleic acid/omega-3 content. 

 

The low saturated fat content can also help to improve cold weather performance (double bonds creates a 

kink in the structure which keeps it from solidifying)  

 

Canola can work into a rotation with soybean or sorghum 

 

Slide 11 

In the south, we can grow a winter variety of canola whereas 

the northern climates (North Dakota and Canada) rely on a 

spring variety.  Within winter canola there are also early and 

late maturing varieties.  Planting both can help mitigate risk in 

two ways.  The early maturing varieties have the highest yields 

but are susceptible to winter freeze injury.  The late varieties 

are more vulnerable to drought.  Therefore, depending on the 

year, one may perform better than the other.  Also, with winter 

canola it is important to get these out of the field as soon as 

possible to prevent reduced yields.  Planting both early and late 

maturing varieties allows for extending the harvest window and providing extra time to harvest. 

 

Try to get seed that are resistant to blackleg disease. 

 

There is winter canola available that has the Clearfield technology which allows growers to use Beyond 

herbicide to remove broadleaf weeds without harming the canola. 

 

 

 

 

 

 

Slide 10 
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Slide 12 

The rule of thumb is to plant about 6 weeks before killing frost.  

Planting too early or too late can cause winter kill…either the 

plant has bolted or the plant is too small to make it through the 

winter.  On the USDA Plant Hardiness Zone Map, Zone 7a 

could plant canola between Sept. 10 – Oct. 15 and Zone 7b 

between Sept 15 – Oct. 25. 

 

In medium textured well-drained soil, canola can be planted at 

about ½ inch depth, 6-14 inch row spacing, 5-8 lbs per acre. 

 

Plants can compensate for planting density; more space, plants grow larger. 

 

Slide 13 

As with sunflower, it is important to manage the residue 

properly in no-till systems when planting winter canola.  

Planting in the residue can lead to a higher crown height and 

roots may not even penetrate the soil.  This could lead to 

substantial winter loss.  Using a harrow or burning the residue 

can assist with this if the residue is very thick or unevenly 

distributed.  Increasing seeding rate by 15-20% and using a 

“wavy” coulter (to remove residue from the seed row) can also 

help to ensure a good stand. 

 

No-till soils are generally lower in temperature than conventionally tilled soils due to the insulation effect 

of the residue.  Therefore, it is a good idea to plant in the earlier part of the planting window to ensure 

proper germination and development before the first killing frost. 

 

A no-till grain drill with a small seed box like the one in the image can be used for planting no-till winter 

canola. 
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Slide 14 

Soil testing is recommended prior to fertilizer application to 

reduce the chance of excess applications. Fertilizer rates are 

similar to wheat except for N and S.  N is usually 20-25% more 

than wheat. N can be split applied (50:50) in fall and spring.  

Nearly 40% of N is removed with seed so much N may still be 

left for summer crop.  There is no good fertilizer rate data for 

winter canola in Tennessee.  The recommendations from other 

nearby states create quite a range of recommendations.  In 

Missouri, the recommendation for N is 90 to 150lbs N /acre.  

In Virginia, they recommend applying 100 lbs/acre N.  Georgia 

recommends 135 to 180 lbs N/acre.   

 

Canola needs S for proteins, if soil has less than 25 lbs/acre then add an additional 25 lbs/acre. 

 

Apply P, K, micronutrients (Boron, 1 lb/acre) preplant.  In Virginia, they recommend applying 100 

lbs/acre P and K (if P soil test is medium and K soil test is high).  In Missouri, they recommend applying 

50-60 lbs P or K per acre. 

 

Lime if pH is below 5.8 

 

Slide 15 

The next few slides show pictures from some work done at 

Tennessee State University.  Winter canola was planted no-till 

using a no-till grain drill with a native seed box that could 

handle the small canola seeds on October 1st, 2013 at the TSU 

Agricultural Research and Education Center in Ashland City, 

TN at a rate of 5.5 lbs/acre.  Prior to planting, a field cultivator 

was used over the field.  After planting, preemergent 

herbicides Prowl (quart/acre) and Gramoxone (pint/acre) 

were applied.  
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Slide 16 

About 4 weeks later there was good emergence… 

 

 

 

 

 

 

 

 

 

Slide 17 

By 8 weeks after planting we had some large plants that would 

be able to make it through the winter.   

 

 

 

 

 

 

 

 

Slide 18 

This slide is after the first polar vortex came through and we 

had a lot of winter kill.  Even in an average year, you will see 

some winter kill but as long as that growing point in the center 

of the plant is still viable, it will still come on strong in the 

spring. 
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Slide 19 

In this case, the polar vortex did not cause any noticeable issues 

and you can start to see flower production by the middle of 

April. 

 

 

 

 

 

 

 

Slide 20 

By the late May/early June, you start to see the winter canola 

become mature.  It takes about 145 to 160 days from planting 

for the canola to reach maturity. 

 

 

 

 

 

 

 

Slide 21 

This is a picture around the same time but in Franklin County.  

There are a number of farmers in southern middle TN and 

northern middle TN that grow winter canola.  You can see 

these plants are becoming mature at about the same time as 

what TSU had. 
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Slide 22 

This is still in Franklin County on the same day and you can 

see that the winter wheat is maturing at about the same time.  

Since the lifecycle of winter wheat is about the same as winter 

canola these can be rotated with each other.  This has been 

found to increase winter wheat yields and is most likely due to 

reduced weed, disease and insect competition provided by the 

rotation. 

 

 

 

Slide 23 

As mentioned previously, it is important to harvest the winter 

canola as soon as it is mature.  This is usually once the plant 

has reached about 10% shatter (10% of seed pods on the plant 

have shattered).  The seeds should all be dark like those on the 

bottom of the slide.  Greater than 2% green seeds will lead to a 

reduction in revenue at the crushing facility.  The seed 

moisture at harvest should be 8-10%.  Canola can be harvested 

directly using a combine with the concave nearly wide open 

and slower cylinder/rotor speeds.  Chaffer and shoe sieves are 

usually closed more than for wheat.  It is also a good idea to 

patch any holes with duct tape to reduce losses in yield. 

 

Slide 24 

Storage is important so that the seed does not get too moist 

and start to mold.  Higher temperatures will lead to a greater 

risk of moisture than cooler temperatures so it is important to 

keep the humidity low inside the grain bin/elevator under 

these conditions.  Storage life doubles for every 10 degree drop 

below 77°F or 1% moisture reduction below 9%. 

 

 

 

 

Slide 22 
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Test their Knowledge - Questions for the audience 

Q:  Which feedstock has the highest yield of biodiesel?  

A:  Rapeseed (Canola)  

 

Q:  Which feedstock has the lowest yield of biodiesel?  

A:  Corn 

 

Canola and sunflower contain   40   % oil while soybeans contain   20  % oil. 

T or F  If a soil test reveals below medium levels of phosphorus and potassium, there 

is no need to add more of these for sunflower production.  

 

Sunflowers require  6-7  pounds of N for every   100   pounds of seed production. 

Q:  What types of equipment can be used to harvest sunflowers?  

A:  Platform, row-crop and corn heads. 
 

Q:  What does the name “canola” stand for? 

A:  CANadian Oil of Low Acid 

 

Q:  What is the difference between canola and rapeseed? 

A:  Canola was developed by Canadian scientists who found a way to reduce the 

erucic acid and glucosinolates which improved the negative health effects and 

bitter taste associated with rapeseed, making it edible. 
 

Plant winter canola about   6   weeks before killing frost. 
 

Except for N and S, fertilizer for canola is similar to   winter wheat   . 

 

N rate is   20-25%   more than wheat and S should be at least   25 lbs.  /acre. 

 
Canola takes   145   to   160   days to reach maturity. 

 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Agronomics of sunflower and winter canola Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. How to grow sunflower 1 2 3 4 5 1 2 3 4 5 

2. How to grow winter canola 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to growing sunflower or winter canola 1 2 3 4 5 1 2 3 4 5 

2. Grow sunflower or winter canola 1 2 3 4 5 1 2 3 4 5 

3. Produce biodiesel 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to identify the federal assistance programs that can be used with 

biodiesel production 

• Participants will be able to explain the different costs involved in biodiesel production, the 

revenue from meal production and the overall cost of producing biodiesel on a per gallon basis. 

Materials: 

• PowerPoint® slides “Federal Assistance and Economics of On-Farm Biodiesel Production” 

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation 

slide. 

• Factsheet: “Federal Assistance Programs for Biodiesel Production” 

  http://www.tnstate.edu/extension/documents/Assistance.pdf 

• Factsheet:       “Economics of Small-Scale Biodiesel Production” 

http://www.tnstate.edu/extension/documents/BiodieselEconomics.pdf 

Copies of both publications can also be found in the Appendix. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the 

end of the presentation.  This can be combined with clickers to improve audience engagement 

and create discussion. 

• An evaluation of the presentation can be found in this lesson guide following the lesson 

questions. 

Topics: 

Value-Added Producer Grant 

Renewable Energy for America Program 

Biodiesel Production Costs 

Biodiesel Production Revenue 

Biodiesel Production Scenarios 

 

 

 

 

Part II:  On-farm Biodiesel Production 
Federal Assistance and Economics of On-Farm Biodiesel 

Production 
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Slide 1 

This section will cover some of the federal assistance programs 

that can be used for biodiesel production.  It will also focus on 

the economics of small-scale biodiesel production. 

 

 

 

 

 

 

 

Slide 2 

First, we will go over some Federal Assistance programs that 

are available related to biodiesel production.  One of these is 

going to have some impact on the overall economics.  Next we 

will go through the steps of how we identified the overall costs 

to produce biodiesel on a per gallon basis.  This will include a 

look at the investment costs in the equipment, the operational 

costs to run the equipment and produce the biodiesel, and then 

finally the estimated income that could be expected from the 

products produced.  Once we have these numbers it will be 

relatively simple to identify the overall production cost for 

comparison to regular diesel prices. 

 

Slide 3 

The objective of the program is to help agricultural producers 

enter into value-added activities related to the processing 

and/or marketing of bio-based value-added products like 

biodiesel. This type of grant is more for those that wish to sell 

their biodiesel product. 

 

Eligible grant funds can be used for planning purposes or as 

working capital for value added projects, new or existing, 

which will increase revenue to the producer. Planning 

purposes can include feasibility studies or business plans. 

 

Applicants are independent producers, farmer or rancher cooperatives, and majority-controlled 

producer-based business ventures. To be eligible, the applicant must produce 50% or greater of the raw 

commodity that will be used in this value-added product. 

 

Slide 1 

 

Slide 2 

 

Slide 3 
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Eligible areas have no population restriction. 

 

Funds available 

Maximum Grant Amount: $75,000 for planning grants; $200,000 for working capital grants. Eligible for 

up to 50% of project costs. 

The Fullen Brothers Farm, Ripley, TN., was awarded a $95,000 planning grant (at that time planning 

grants could be awarded for more than $75,000) in 2012 to identify the potential uses of an alternative 

crop crushing facility. The study is being conducted with the assistance of BioDimensions Renewable Oils, 

Inc. and is looking at specific types of oilseeds, their individual qualities and subsequent production as 

well as crop planning and rotation. 

Slide 4   

REAP helps finance the purchase of renewable energy systems 

or to make energy-efficiency improvements on already 

existing buildings/systems. These systems will require a 

business level feasibility study as part of the application if the 

requested amount is over $200,000. If a feasibility study is 

needed, the cost for this can also be included in the overall 

project costs in the same grant application.  

The REAP funds can be used for the purchase and installation 

of renewable energy systems such as biomass, hydroelectric, 

anaerobic digesters, geothermal, hydrogen, wind and solar. 

Energy systems involving biomass include any that produce fuel like biodiesel, thermal energy or 

electricity from biomass. 

Eligible applicants are agricultural producers and small businesses located in rural areas. Urban 

agricultural producers may also be eligible. Agricultural producers must derive at least 51% percent of 

their gross annual income from agricultural operations.  

Any area except cities with populations over 50,000 or the adjacent urbanized area is eligible.  

Funds available 

Renewable energy system grants: $2,500 to $500,000  

Eligible for up to 25% of project costs.  

Energy efficiency improvement grants: $1,500 to $250,000  

Eligible for up to 25% of project costs.  

Loan guarantees: $5,000 to $25 million   

 

 

Slide 4 
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A company, greenGALLON solutionsTM, Cookeville, TN., used a $462,500 grant to purchase biorefinery 

equipment to increase biodiesel capacity in 2008. The company’s strategy is to create a strategic network 

of its green MICROTM refineries to meet the growing demand for alternative fuels. 

More information about both of these programs can be found by contacting the State Energy Programs 

Coordinator:   

Adia Holland 

(615) 783-1373 

adia.holland@tn.usda.gov 

Slide 5 

Since you already have a good understanding of the process 

involved, this slide simply breaks up the process into two parts; 

the production cost and the revenue.  Under the production 

cost is going to be the oilseed you are using…what were the 

costs involved in producing the seed?  For our purposes we are 

going to use canola since that is probably going to be the best 

feedstock for Tennessee.   

 

Next we have the conversion technology which we now know 

involves a seed press and a biodiesel processor.  These are 

going to vary based on the size and output of the equipment that is used.  In our scenario we will be 

incorporating the seed press and biodiesel processor that is used by Tennessee State University (TSU).  

The costs of production will include the cost of the equipment and the operation costs for electricity and 

chemicals.  With the seed press we are able to adjust the rate of production, but faster production meant 

lower efficiency.  TSU did some research that measured the overall output of oil and meal at different 

speeds so these numbers are used in the calculations for the costs of production.  For the purpose of this 

presentation, we are going to use the “medium” rate of production from the seed press.  Technically, the 

lowest rate is most efficient and will produce a better quality meal that could get a higher price.  Since the 

values based on the quality of the meal are not known we were not able to take this into account.  The 

products are obviously going to be the biodiesel that can be used in producers’ equipment along with the 

canola meal which can be fed to the producers’ animals or sold to other producers. 
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Slide 6 

This is an overview of the equipment costs involved.  The 

methanol recovery system, if you remember, would allow for 

the glycerol to be improved which may allow for it to be used 

in some other way.  Either sold to industry or used as an animal 

feed.  This potential for resale was not included in the 

calculations that will be shown today.  The installation cost was 

basically the cost for the hopper that would feed the seed into 

up to 4 seed presses at one time.  This leads to an overall initial 

investment cost of $18,835.  Assuming a 10-year loan period 

under full financing, the estimated annual interest payment at 

the interest rate of 4.5% is about $848 which leads to an annual loan payment of $2,380.  So this is the 

interest plus the payment on the principle of the loan for each year.  The overall capital costs and interest 

on a per gallon basis will depend on the annual production of biodiesel.  You can see how they will change 

based on annual production of 1000 to 2000 gallons. 

 

Slide 7 

This slide shows the costs of operation to produce biodiesel.  

The methanol cost is about $0.36 per gallon while the 

potassium hydroxide required is $0.24 per gallon which leads 

to the $0.60 per gallon that you see.  The maintenance costs 

reflect just general wear and tear.  The total processing cost 

includes the capital and interest plus the operating costs.  

Again you can see how it will change based on overall 

production. 

 

 

Slide 8 

This slide focuses on the feedstock cost.  The average variable 

production cost of canola is $160 per acre.  This is based on a 

UT enterprise budget and only includes the variable costs.  The 

capital cost of the farm equipment involved is excluded since 

winter canola production is considered as an extra source of 

income.  Currently the average canola yield in Tennessee is 

2100 lbs per acre according to the National Winter Canola 

Variety Trials.  Based on relative oil yields, this gives a 

feedstock cost between $2.15 and $2.73 per gallon.  The range 

that you see here is based on the 3 different rates of oil 

extraction from the seed press that I mentioned before.  The slowest speed is going to be more efficient 
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and produce the greatest yield of oil on a per acre basis.  For our analysis we used the medium rate as an 

example. 

 

Slide 9 

Now if we take the median production level of 1500 gallons per 

year we end up with a feedstock cost of $2.65 per gallon of 

biodiesel, operation cost of $1.45 per gallon, and investment 

and interest cost of $1.82 per gallon of biodiesel produced.  

This leads to an overall biodiesel production cost of $5.92.  

Current diesel prices at the pump are about $X.XX per gallon 

which is much less than it takes to make biodiesel so after all 

this we find out that it is not economically feasible, right? 

 

 

Slide 10 

Not quite.  We haven’t added in the value of the seed meal that 

is produced during the seed pressing.  The meal provides 

anywhere between $2.17 and $3.17 per gallon of biodiesel 

produced depending upon the rate at which it is produced.  

Remember higher rates will produce more meal, really it is a 

higher weight meal, because a lot of the oil will end up in the 

meal as a result since it is less efficient.  If we take the 

“medium” speed that I mentioned before, the amount of meal 

produced will give a value of $3.03 per gallon. 

 

Slide 11 

Now if we take the $5.92 per gallon in total production costs 

and we subtract the $3.03 per gallon that we can achieve in 

revenue from the sale or use of the canola meal we will end up 

with a final production cost of $2.89 per gallon.  If you look at 

the other scenarios on the table the production costs can be 

further reduced.   

 

The next one is the subsidized valuation.  This is if a producer 

gets a REAP that was mentioned at the beginning that covers 

25% of the costs.  This will reduce the overall capital costs and 

result in an overall production cost of $2.44.   

 

The other possible scenarios are for sharing the equipment among farmers.  The process lends itself to this 

quite well.  Most likely a producer won’t be using the equipment 24/7 for 365 days out of the year.  They 

 

Slide 9 

 

Slide 10 

 

Slide 11 



Biomass Energy Training Curriculum 

• • • 

103 

 

will probably use it to produce the fuel they need for the feedstock they have and then much of the time it 

might be idle.  That allows for multiple users to make their own biodiesel and reduces the initial capital 

costs by spreading it over multiple owners.  This can really reduce the production costs to very low values.  

Regular diesel probably won’t hit anything this low ever.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test their Knowledge - Questions for the audience 

Q: What grant provides assistant for producers that wish to produce and use their 

own biodiesel? 

A:  The Rural Energy for America Program (REAP) 
 

  REAP will reimburse up to   25%  of the biodiesel equipment costs 
 

Q: If a group of 5 farmers purchased the equipment necessary to produce 

biodiesel, what would be the relative cost to produce biodiesel on a per gallon 

basis? 

A: $1.41 

 

The product that makes biodiesel production from seed economically viable is 

the   canola meal  .  
 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Federal Assistance and Economics of Biodiesel Production Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Federal assistance programs for biodiesel production 1 2 3 4 5 1 2 3 4 5 

2. Economics of on-farm biodiesel production 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Seek information related to biodiesel production 1 2 3 4 5 1 2 3 4 5 

2. Apply for the REAP or VAPG programs 1 2 3 4 5 1 2 3 4 5 

3. Produce biodiesel 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to identify the steps involved in creating a cooperative 

• Participants will be able to explain the potential pitfalls involved in creating a cooperative 

 

Materials: 

• PowerPoint® slides “How to start a cooperative” 

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation 

slide. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the 

end of the presentation.  This can be combined with clickers to improve audience engagement 

and create discussion. 

• An evaluation of the presentation can be found in this lesson guide following the lesson 

questions. 

Topics: 

Timeline 

Phase 1 

Phase 2 

Phase 3 

Phase 4 

Potential pitfalls  

 

 

 

 

 

 

 

 

 

Part II:  On-farm Biodiesel Production 
How to start a cooperative 
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Slide 1 

This section comes from the USDA Rural Development office 

and focuses on the steps required for creating a cooperative. 

 

 

 

 

 

 

 

 

Slide 2 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 3 

Go over the three reasons for starting a cooperative and point 

out that a cooperative is a good way to be able to share costs in 

a renewable energy project such as producing biodiesel for 

personal consumption. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 1 

 

Slide 2 

 

Slide 3 
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Slide 4  

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 5 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 6 

 Follow material on presentation slide. 
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Slide 7 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 8 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 9 

Follow material on presentation slide. 
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Slide 10 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 11 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 12 

Follow material on presentation slide. 
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Slide 13 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 14 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 15 

Follow material on presentation slide. 
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Slide 16 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 17 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 18 

Follow material on presentation slide. 
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Slide 19 

Follow material on presentation slide. 

 

Q:  There are five general rules provided that will help 

with the success of a cooperative.  Which rule do you 

think is the most important to remember?  

A:  Answers vary 

 

 

 

 

Slide 20 

Follow material on presentation slide. 

 

Q:  Which potential pitfall do you see as greatest threat 

to a successful cooperative?  

A:  Answers vary 

 

 

 

 

 

Slide 21 

Follow material on presentation slide. 
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Slide 22 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 
 

Slide 22 

Test their Knowledge - Questions for the audience 

A cooperative can take from  3  months to up to  2  years from the first meeting 

of the cooperative to open doors. 
 

  Phase 1 for starting a cooperative is to identify    economic   need.  

 

  Q:  What are the two steps involved in Phase I? 

  A:  Leaders meet to discuss issues and determine economic need.   

        Potential member-users are invited to a meeting to decide if interest is sufficient     
        to support a cooperative. 

 

  Q:  What are the three steps covered in Phase II “Deliberate”? 

  A:  Surveying potential member-users, conducting a member-use analysis and     

        initial market analysis.  

        Conducting a feasibility study. 

        Preparing a business plan. 
 

  Q:  What are the two steps involved in Phase III “Implement”? 

  A:  Employ legal_council for legal papers. 

        Hold the first meeting of the cooperative. 

 

  Q:  What are the five steps for Phase IV “Execute”? 
  A:  Convening the first meeting of the Board of Directors. 

        Hold a membership drive. 

        Acquire capital. 

        Hire a manager. 

        Acquire equipment and facilities and open doors. 
 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: How to start a cooperative Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. The steps involved in establishing a cooperative  1 2 3 4 5 1 2 3 4 5 

2. The potential pitfalls involved in establishing a cooperative 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Consider establishing a cooperative 1 2 3 4 5 1 2 3 4 5 

2. Talk to other farmers about how cooperatives are established 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the eligibility requirements for REAP 

• Participants will be able to identify the types of funds available through REAP 

• Participants will be able to assist farmers with filing applications for REAP 

 

Materials: 

• PowerPoint® slides “Rural Energy for America Program” 

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation 

slide. 

• Handout:  REAP applications (available in Appendix) 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the 

end of the presentation.  This can be combined with clickers to improve audience engagement 

and create discussion. 

• An evaluation of the presentation can be found in this lesson guide following the lesson 

questions. 

 

Topics: 

Examples of renewable energy systems 

Examples of energy efficiency improvements 

Eligibility for REAP 

Grants and Loans available 

How to apply 

 

 

 

 

 

 

 

Part II:  On-farm Biodiesel Production 
Rural Energy for America Program (REAP) 
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Slide 1 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

Slide 2 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 3 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 
Slide 1 

 

 
Slide 2 

 

 
Slide 3 
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Slide 4 

Most of the Tennessee projects fall under the solar panels 

projects. We do have a few through the year that involve 

renewable biomass such as biofuel or pellets. We also have seen 

some geothermal projects where they are providing heat for 

their own businesses. Anaerobic digesters always come up in 

discussions in Tennessee but they are a big undertaking and we 

have not seen a complete application.  

 

 
 

 

Slide 5 

105 solar panels were installed at Littlestown Veterinary 

Hospital in Littlestown, PA, in 2010. The Littlestown 

Veterinary Hospital received a REAP grant to install solar 

panels to help reduce their carbon footprint and to have cost 

effective electric power for the hospital.  

 

Outcome:  Reduced operating expenses by 30-40%; generated 

35,600 KWH in 2012. 

 

 

Slide 6 

Farm Power Tillamook, Tillamook, OR:  $100,000 REAP grant 

and a $2.65 million loan guarantee for construction of a 1 

megawatt anaerobic digester. Located adjacent to a cluster of 

dairy farms, the digester processes approximately 60,000 

gallons of animal waste produced by 2,000 cows at eight dairies 

each day. The digester captures methane from the animal waste 

and converts it into enough electricity to power 700 homes a 

year. 

 

Other benefits: The captured methane is prevented from 

entering the atmosphere as a greenhouse gas. In addition, the digester removes odors and pathogens from 

the byproducts. The leftover solids come out as a clean, fluffy plant material that can be used as odor-, 

weed- and pathogen-free compost or even as animal bedding material back in the dairy barn. The liquid 

byproduct can be field-applied as a nutrient-rich fertilizer without the excessive odors or the concentration 

of harmful bacteria that could threaten water quality.  

 

 
Slide 4 

 

Slide 5 

 
Slide 6 
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Slide 7 

SPS of Oregon, Wallowa, OR:  $19,695 REAP grant, with 

$58,816 in applicant funds to install an 11kW micro-hydro 

system that generates power from the downhill flow of water 

in a small stream on the owner’s adjacent property. (This is not 

a fish-bearing water body.) 

 

Outcome:  51% reduction in energy costs 

 

 

 

 

Slide 8 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

 

Slide 9 

Most of the projects in TN involve LED lighting substitution to 

their existing lighting systems in commercial buildings. New 

HVAC systems. And a growing number of projects are energy 

improvements to grocery stores such as replacing their 

refrigerator doors or lighting systems. We are also seeing a lot 

of poultry houses doing energy efficient improvements.  
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Slide 10 

Roxanne Molnar Farm, Grantville, PA:  Roxanne and Matthew 

Molnar were awarded a $20,000 REAP grant. 

 
New radiant heaters keep 80,000 chickens warm during 

Pennsylvania winters. On warm days, ceiling vents provide 

passive venting of heat out of the building; when chicken house 

temperatures are estimated to be above 90 degrees, fans come 

on, pulling air through water evaporator elements lowering air 

temperature down 10-15 degrees and flows along the length of 

the poultry house, creating a tunnel of cooled air. 

 

The benefits to the chickens are heat and excess moisture removal; minimized dust and odor; limited 

buildup of ammonia and carbon dioxide; and oxygen for respiration. Chickens need to be kept at a 

comfortable temperature to remain productive. All of these systems are computer controlled allowing 

owner, Roxanne Molnar, to run the farm by herself and raise two small boys. The computer controls of the 

new system automate many of the daylong tasks allowing the Molnar’s to run their family farm. 

 

Outcome:  Improves egg production, saves time and labor, saves 122,631 KWH per year. 

 
Slide 11 

Tara Kraft, owns and operates Colonial Cleaners and 

Laundromat in the Worthington community in rural 

Minnesota. Ms. Kraft wanted to replace all washers and dryers 

to save energy and improve experiences for customers. A FY 

2013 REAP grant replaced five of the dryers with more energy 

efficient units.  This was the last phase of a complete 

equipment replacement process.   

 

Total Project Cost $42,040 

Grant Funds $ 10,510 

Outcome:  52% energy savings ($1,731/year); The owner was able to hire a part-time employee with the 

savings realized by the entire project.  The greater efficiency in the drying time allow customers to finish 

laundry faster.  
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Slide 11 



Biomass Energy Training Curriculum 

• • • 

120 

 

Slide 12 

Good Harvest Farm in Strasburg, PA:  A water-filled fin-tube 

heating element was installed under plant tables, along with an 

energy efficient glass roof with curtains that block or trap heat, 

radiant heaters in or above the floor, and the replacement of 

oil-fired hot-air furnaces with propane fueled boilers.  

 

Outcomes:  40% reduction in energy costs ($20,000 

savings/year) 

 

Other benefits:  Plant health and quality have improved with 

computer controlled, evenly-distributed temperature and humidity. Utilizing sensors and a roof mounted 

weather station, the system can maintain four different climate zones, 24 hours a day. Two 1,000,000 BTU 

propane fueled boilers heat the water to 190 degrees for the 8,000 feet of fin-tube which was embedded in 

a new cement foundation. After traveling through the energy efficient system, water only loses 20 degrees. 

When temperatures become too hot, motorized roof vents open to allow rising heat to escape; a 98% energy 

savings from massive fans that previously forced air out. Both systems create a microclimate in and around 

the plant trays in the growing and sales room.  

 

Slide 13 

LEFT: The main assembly plant building at Compass 

Components, Inc. in Deming, New Mexico is now equipped 

with a more efficient lighting system. By replacing the old 

fluorescent light system the company is now saving 50% on its 

lighting bill. 

 

RIGHT:  Rush Foods, a small family-owned grocery chain 

serving SE Minnesota , used REAP funds to install doors on 

coolers at their Rushford, MN, location in 2012 to reduce 

operating costs. Rebates from the Tri-County Electric 

Cooperative and Southern Minnesota Municipal Power Agency also helped offset project costs.   

• Installed 84 feet of doors the store 

• Installed 42 feet of island covers 

• Added energy efficient LED lighting in the display cases 

 

Savings: 

• Total energy savings (2013) was more than 69,000 KWH or 11%. 

• Energy bill reduced by $500 a month 

 

 

Slide 12 
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The store manager explains that with the doors comes temperature consistency. “The temperature 

consistency will not only extend the shelf life of our fresh foods, but also it will keep foods fresh longer in 

our customers’ refrigerators.”  He also said that customers have shown their appreciation for how much 

warmer the store feels, which makes shopping more enjoyable.  

 

Slide 14 

Charles “Buddy” Paulsen, Budaroo’s, had a freezing cold store 

in the winter and an extremely hot store in the summer.  An 

inefficient furnace/air conditioner paired with inadequate wall 

and ceiling insulation, was causing extremely high energy bills 

for the rural small business in Oshkosh, Nebraska.  Buddy’s 21-

year old business faced a hard decision with the high energy 

bills:  could he continue to stay in business? The business 

upgraded its furnace/air conditioner with ductwork, added the 

insulation under the new roof, rearranged the floor plan and 

upgraded exterior walls and ceiling with insulation.  

 

“The REAP grant is one tool that is available to small businesses that can make a huge difference in helping 

a business keep a store front on Main Street.  This grant has made coming to work pleasant, however I 

found during the first few weeks after the upgrade I was dressing too warmly for the new environment!” 

said the store owner. 

 

Nebraska State Bank Lender, Jim Levick, added “This was a very worthwhile project for our Main Street. 

It enhanced the value of the building and will lower the business’ utility expenses. Buddy used local 

contractors who did an excellent job. Nebraska State Bank is pleased with the results of this project and the 

support of the RD guaranteed loan program.” 

 

Outcome: 60% reduction in energy costs compared to the previous year. 

 

Slide 15 

Follow material on presentation slide. 
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Slide 16 

Agricultural Producers are eligible in urban areas. Many states 

are seeing growth in agricultural producers in very urbanized 

areas. 

 

 

 

 

 

 

 

Slide 17 

Commercially available technology usually refers to 

technology that has been on the market for one year and has 

proven itself to be functional and reliable. It is supported by 

professional service providers and has warranties for its use.  

 

Technical Merit part of the application package is much easier 

for the new forms developed in 2015. Most of the information 

can be provided on the form itself with an exception of a few 

attachments required as applicable to the size of the project.  

 

The Rural Area definition, as mentioned in the slides before, only applies to small business applicants. 

 

Slide 18 

Follow material on presentation slide. 
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Slide 19 

Follow material on presentation slide. 

 

 

 

 

 

 

 

 

 

Slide 20 

Most EEI projects require little if any environmental review but 

we think it is important to highlight that all projects receiving 

assistance through REAP are subject to NEPA environmental 

reviews.  To assist in determining the extent of the review, 

Form RD 1940-20, Request for Environmental Information, is 

part of the application. 

 

Once the decision is made to file an application we recommend 

you consult with the energy coordinator and determine what 

the level of review will be.    

 

Slide 21 

Follow material on presentation slides. 
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Slide 22 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

Slide 23 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

Slide 24 

Follow material on presentation slides. 
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Slide 25 

Collateral: Discounted collateral must be equal to loan 

amount using typical discount factors.  

 

Typical discount factors; RE 80%, M&E 70%-75%, Inventory 

A/R 60% 

 

Instead of complying with Business & Industry Regulation 

4279.131(d) borrowers must demonstrate evidence of cash 

equity injection in the project of not less than 25% of total 

eligible project costs. Cash equity injection must be in the form 

of cash. 

 

Slide 26 

One-time guarantee fee is (1%) X (% of Guarantee) X (Loan 

Amount). Annual Renewal fee determined each year. Annual 

Renewal fee is currently (¼%) X (outstanding principal loan 

balance) X (% of Guarantee calculated at the end of the 

calendar year).  

 

Applicable Guarantee Percentages: 

85% for loans of $600,000 or less 

80% for loans greater than $600,000 up to and including $5 

Million 

70% for loans greater than $5 Million up to and including $10 Million 

60% for loans greater than $10 Million 

 

Slide 27 

B&I = Business and Industry 
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Slide 28 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

 

Slide 29 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

Slide 30 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 28 

 

Slide 29 

 

Slide 30 



Biomass Energy Training Curriculum 

• • • 

127 

 

Slide 31 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

 

Use the application handouts in Appendix as guides for going through how to apply for REAP 

 

Slide 32 

Biodiesel Refinery plant located in Cookeville, TN. It uses 

vegetable oil to produce biodiesel. Renewable Energy Grant. 

 

 

 

 

 

 

 

 

Slide 33 

Follow material on presentation slides. 
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Slide 34  

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

Slide 35 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

Slide 36 

Follow material on presentation slides. 
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Slide 37 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

Slide 38 

Follow material on presentation slides. 

 

 

 

 

 

 

 

 

 

 

 

 

Slide 37 

 

Slide 38 

Test their Knowledge - Questions for the audience 

  The Rural Energy for America Program (REAP) can be used for   energy efficiency                

improvements   or   renewable energy systems  . 

  Q: Who is eligible for REAP? 

  A: Agricultural producers that receive over 50% of their income from the farm, 

       For-profit small businesses in a rural or non-metro community of <50,000 people 

       Agricultural producers can be from urban or rural areas. 

 

  Q:  What loan amounts are eligible under REAP? 

  A:  $5,000 to $25 million (up to 75% of project costs) 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Rural Energy for America Program (REAP) Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. The grants available through the REAP program 1 2 3 4 5 1 2 3 4 5 

2. What the REAP program could be used for  1 2 3 4 5 1 2 3 4 5 

3. How to apply for the REAP program 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Talk to UT/TSU Extension or USDA Rural Development more about 
the REAP program 

1 2 3 4 5 1 2 3 4 5 

2. Seek assistance in applying for the REAP program 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the differences between the 5 types of native warm-season 

grasses 

• Participants will be able to identify the advantages and disadvantages of using native warm-

season grasses 

 

Materials: 

• PowerPoint® slides “NWSG Types and Advantages and Disadvantages” 

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation 

slide. 

• Factsheet: “Native warm-season perennial grasses for drought management in  

forage production” 

   http://www.tnstate.edu/extension/documents/NWSG.pdf 

   A copy can also be found in the Appendix. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the 

end of the presentation.  This can be combined with clickers to improve audience engagement 

and create discussion. 

• An evaluation of the presentation can be found in this lesson guide following the lesson 

questions. 

 

Topics: 

Switchgrass 

Big bluestem 

Little bluestem 

Indiangrass 

Eastern gamagrass 

Advantages and disadvantages 

 

 

Part III:  Native warm-season grasses 

for bioenergy and forage production 
Types of native warm-season grasses 

Advantages and disadvantages 
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Slide 1 

In this section we will focus on the different types of native 

warm-season grasses as well as the advantages and 

disadvantages to using them. 

 

 

 

 

 

 

 

Slide 2 

There are five main native warm-season perennial grasses; 

switchgrass, big bluestem, little bluestem, indiangrass and 

eastern gamagrass.  They were original members of the tall-

grass prairies and grazed by buffalo.  They are tall-growing 

bunchgrasses and native to the mid-south. 

 

 

 

 

 

Slide 3 

These grasses are drought tolerant.  They can produce a deep 

root system up to 10 ft deep which allows them to access water 

and nutrients that other plants do not have access to.  Also, 

their C4 physiology allows them to more effectively use water 

and nutrients than other plants.  These grasses grow most 

during the summer months when summer slump can affect tall 

fescue and other cool-season grasses.  Since they are perennial, 

this eliminates annual establishment costs and annual 

establishment risks (failure).  Since they are native, they won’t 

become invasive, and are adapted to our climate, soils, pests.  

They require a couple of seasons for establishment because the plant focuses on root development more 

than aboveground biomass production initially.  Once established the can last over 15 years. 

 

 

 

 

 

Slide 1 

 

Slide 2 

 

Slide 3 
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Slide 4 

Switchgrass can be a lowland or upland ecotype.  The lowland 

ecotype grows more biomass but the upland type may be better 

(leafier) for forage production (i.e. Cave-in-Rock).  Lowland 

types are more tolerant of wetter conditions, upland are more 

tolerant of drier conditions. 

 

 

 

 

 

Slide 5 

Big bluestem does not produce as high yields as switchgrass, 

but cattle may perform better on it than other native warm-

season grasses.  It matures later than switchgrass and does not 

get as stemmy (easier to manage). 

 

 

 

 

 

 

Slide 6 

Little bluestem produces less forage than other NWSGs.  It can 

be used to fill in stands with big bluestem or indiangrass.  It is 

more tolerant of poor soils than any other NWSG.  Easier to 

establish than most of the other NWSGs. 
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Slide 7 

Indiangrass usually grows in stands with bluestems and prefers 

better drained sites than big bluestem.  Cattle perform well on 

it.  It is more stemmy than big bluestem but not as stemmy as 

switchgrass. 

 

This slide shows a field with big bluestem/indiangrass mix at 

the UT research station in Spring Hill where they are doing 

research on these NWSGs as a forage option. 

 

 

Slide 8 

Eastern gamagrass produces high yields and is tolerant to wet 

sites.  It begins spring growth sooner than other NWSGs and 

maintains growth later in the season than the other NWSGs 

(except indiangrass).  As with switchgrass, it can support high 

stocking rates due to its productivity.  It should not be grown 

in stands with bluestems or indiangrass because it will take 

over the stand (same with switchgrass). 

 

The slide shows a 2 year old stand of eastern gamagrass in Giles 

county on June 2012.  This was at the height of the drought that 

we had at that time and many producers were either trying to buy hay at high prices or selling their animals.  

You can see that this grass, however, was still lush and green and producing well during the drought. 

 

Have participants look at the handout with more information that compares the different NWSGs (see 

below): 
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         Keyser et al., 2011b 

 

 

 

Keyser et al., 2011d 

 

 

 



Biomass Energy Training Curriculum 

• • • 

136 

 

     
Keyser et al., 2011b 

 

Other Resources: 

de Koff, J.P., and D.D. Tyler.  2011.  Improving switchgrass yields for bioenergy production.  Tennessee State 

University Cooperative Extension Service, ANR-B1; University of Tennessee Cooperative Extension Service, 

W271.  http://www.tnstate.edu/agriculture/documents/W271.pdf 

Keyser, P., G. Bates, J. Waller, C. Harper, F. Allen, and E. Doxon.  2011a.  Producing hay from native warm-season 

grasses in the mid-South.  University of Tennessee Cooperative Extension Program, SP731-D.  

https://utextension.tennessee.edu/publications/Documents/SP731-D.pdf 

Keyser, P., G.Bates, J. Waller, C. Harper, and E. Doxon.  2011b.  Grazing native warm-season grasses in the mid-

South.  University of Tennessee Cooperative Extension Program, SP731-C. 

https://extension.tennessee.edu/publications/Documents/SP731-C.pdf 

Keyser, P., C. Harper, G. Bates, J. Waller, and E. Doxon.  2011c.  Native warm-season grasses for mid-South forage 

production.  University of Tennessee Cooperative Extension Program, SP731-A.  

https://utextension.tennessee.edu/publications/Documents/SP731-A.pdf 

Keyser, P., C. Harper, G. Bates, J. Waller, and E. Doxon.  2011d.  Establishing native warm-season grasses for 

livestock forage in the mid-South.  University of Tennessee Cooperative Extension Program, SP731-B.  

https://extension.tennessee.edu/publications/Documents/SP731-B.pdf 
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Slide 9 

Aside from some of the advantages already mentioned (i.e. 

drought tolerance, perennial, efficient management of water 

and nutrients, etc.) there are a number of other advantages.  

This slide shows some research data produced for switchgrass 

at Tennessee State University in 2011.  The switchgrass, which 

is not the best NWSG for forage, still produces protein levels 

above 10% up to about the middle of June. 

 

 

 

Slide 10 

This slide shows the difference between nutrition of switchgrass 

and a big bluestem/indiangrass blend at different growth stages.  

You can see that the protein is higher for the blend as compared 

to the switchgrass for both growth stages. 

 

 

 

 

 

 

Slide 11 

This slide shows how a NWSG like bluestem compares with 

other warm- and cool-season grasses on a nutritional basis.   

Though it has a lower protein content, it can still be used for 

beef cattle.  Under the nutrient requirements for calving beef 

cattle, NWSGs can fit into the upper category which requires 

7.7% crude protein and 52.1% TDN.  There aren’t too many 

grasses that fit the TDN requirement during peak milk 

production in beef cattle. 
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Slide 12 

This slide depicts the nutrient efficiency of NWSGs and their 

ability to grow on low fertility soils.  Yield (vertical axis) is not 

expressed in the quantity of hay produced, but rather as a 

proportion of each species’ total yield potential. The native 

grasses start at about 50-60% of their yield potential without 

any N application and reach their peak at about 100 units N. 

Eastern gamagrass peaks at about 300 units N per acre. This is 

in contrast with bermudagrass which starts at only 20% of its 

yield potential at 0 units N. 

 

Bermudagrass = 5-8 tons/acre and 10-14% CP 

NWSG = 4-5 tons/acre and 9-12% CP 

1.6 tons/acre (Bermudagrass) vs. 2.4 tons/acre (NWSGs) at 0 N/acre application 

You have to apply about 50 lbs N/acre to get same yields as NWSGs at 0 N/acre application 

 

Slide 13 

NWSGs are better than fescue and bermudagrass at providing 

good cover and protection for things like rabbits and fowl.  

These grasses also make travel easier with bare ground 

underneath and overhead shade and cover. 

 

 

 

 

 

 

 

 

Slide 14 

When used as a forage, stocking rates can be 1400-2000 lbs per 

acre and produce 1.5-2.5 lbs daily gain in steers. 
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Slide 15 

There has been research looking into interseeding legumes to 

reduce the amount of N fertilizer needed.  In this study by UT, 

red clover (RC) produced a protein content greater than an 

application of 60 lbs N/acre with similar overall yields.  

 

CC = crimson clover, HV = hairy vetch, PP = Partridge pea 

 

 

 

 

Slide 16 

One of the main disadvantages of these grasses is that they are 

difficult to establish.  As mentioned before, these grasses focus 

more on root growth than shoot growth in the beginning.  Care 

must be taken to have a well-prepared seed bed, advanced weed 

control, shallow seeding and continued weed control during 

the establishment period.  It may not look like much in the first 

couple of seasons but by the third season you should start to 

see high yield production.  Also, it usually takes about 2 

seasons before they are fully established and will produce their 

high yields. 

 

Slide 17 

Another disadvantage is that more management is required 

with these grasses.  They should be used in a rotational grazing 

system.  These grasses shouldn’t be grazed below 15-20 inches 

height to maintain the stand.  Also, it is important to make sure 

to have enough cattle during the time that it is growing quickly 

(late spring/early summer).  If grasses grow too tall they will 

become stemmy. 

 

 

 

 

 

 

 

Slide 15 

 

Slide 16 

 

Slide 17 
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Slide 18 

A native warm-season perennial grass like switchgrass costs 

less to produce than a non-native grass like miscanthus 

($428.32/acre vs. $638.66/acre, respectively) which makes the 

overall breakeven price of switchgrass lower.  The current 

yields of switchgrass, however, are around 8 dry tons/acre 

whereas the average yields for miscanthus are around 14.5 dry 

tons/acre.  This makes the current breakeven price for 

miscanthus lower than switchgrass, $44.15 vs. $52.05 per dry 

ton, respectively. 

 

 
Slide 19 

Switchgrass can be pelletized and used in residential pellet 

stoves in place of home heating oil.  This can reduce the cost of 

using home heating oil by 21% and reduce the emissions from 

home heating oil by 65%.  It is estimated that, compared to 

converting switchgrass to ethanol, using pelletized switchgrass 

displaces more than twice as much liquid fuel (106 gallons 

fuel/ton of switchgrass vs. 46 gallons fuel/ton of switchgrass). 

 

 

 

Slide 18 

 

Slide 19 

Test their Knowledge - Questions for the audience 

  Q:  What are the five main native warm-season perennial grasses? 

  A:  Eastern gamagrass, switchgrass, big bluestem, little bluestem, indiangrass 

 
  The two grasses that should not be blended with other grasses are   eastern 

gamagrass   and   switchgrass   . 

 
  The grass with the greatest palatability is   big bluestem  . 

 

  Q:  What are the advantages of using NWSGs? 

  A:  Drought tolerance, can be grown on marginal land, prevent erosion, better   

  wildlife habitat than other grasses 

 

  Q:  What are the disadvantages of using NWSGs? 

  A:  Difficult to establish, establishment requires 2 seasons, greater management 

 



       

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Native warm-season grasses – Types and Advantages/Disadvantages Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Differences between native warm-season grasses 1 2 3 4 5 1 2 3 4 5 

2. Advantages of native warm-season grasses 1 2 3 4 5 1 2 3 4 5 

3. Disadvantages of native warm-season grasses 1 2 3 4 5 1 2 3 4 5 

 

 

D. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

E. What was the most important thing you learned at this activity? 
 

 

 

Thank you for completing this survey! 
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Learning objectives: 

• Participants will be able to explain the best ways to prepare, plant and manage NWSGs for 

establishment 

• Participants will be able to identify the uses of NWSGs for bioenergy production 

• Participants will be able to identify assistance programs that provide funding for establishing 

NWSGs 

 

Materials: 

• PowerPoint® slides “Establishment and management of NWSGs for bioenergy and forage” 

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation 

slide. 

• Factsheet: “Calibrating seed drill seeding rates for native warm-season grasses” 

   http://www.tnstate.edu/extension/documents/Calibration.pdf 

• Factsheet: “Improving switchgrass yields for bioenergy production” 

  http://www.tnstate.edu/extension/documents/Switchgrass.pdf 

  Copies of the above publications can also be found in the Appendix. 

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the 

end of the presentation.  This can be combined with clickers to improve audience engagement 

and create discussion. 

• An evaluation of the presentation can be found in this lesson guide following the lesson 

questions. 

 

Topics: 

Planning, Weed management, Planting 

Forage and bioenergy use 

 

 

 

Part III:  Native warm-season grasses 

for bioenergy and forage production 
Establishment and management of NWSGs for bioenergy and 

forage 
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Slide 1 

In this section we will focus on the establishment and 

management of NWSGs for bioenergy and forage production. 

 

 

 

 

 

 

 

 

Slide 2 

With respect to establishment and management we will go 

over 4 main topics.  With planning, we will focus specifically 

on the importance of site selection.  Weed management will 

relate to advanced weed control since there aren’t very many 

herbicides labelled for NWSGs.  Planting will include the 

proper timing and other conditions important for successfully 

establishing these grasses.  Lastly, we will talk about the best 

times to cut or graze the grasses as well as height 

recommendations.  

 

Slide 3 

Site selection can be very important in ensuring successful 

establishment.  An area with a large weed seed bank may be 

detrimental to getting these grasses through the first critical 

year.  New ground or land that has been cleared of timber will 

have little weed pressure and is the most ideal site location.  

Tillage, lime, P, and K may be needed. 

 

Under cropland, non-grass crops like cotton and soybean are 

good at controlling weeds.  These areas have also most likely 

been well managed with herbicides to reduce competition.  

Small grains as part of a double cropping system help to reduce spring and early summer weed pressure.  

Something like winter wheat can be grown and the switchgrass can be planted into the killed off wheat. 

 

Hayland/pasture systems can have a lot of weeds which may require a season or two to control.  However, 

a research plot at the Tennessee State University Ag Research Center in Ashland City, TN was successfully 

 

Slide 1 

 

Slide 2 

 

Slide 3 
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established into a weedy hayland area without any stand failures.  We will show a picture of this in a couple 

of slides when we talk about weed management. 

 

Bermudagrass fields are poor candidates as bermudagrass is very difficult to control. 

 

Slide 4 

Since the switchgrass seeds are small they require a clean, 

smooth, firm seedbed prior to shallow planting.  Few 

herbicides are labeled for use on NWSG.  Advanced control of 

weeds is important.  It is a good idea to spray glyphosate the 

August before spring planting and then in the spring 

immediately (10-14 days) prior to planting.  After the first 

season, the herbicide, Pastora, can be used to control 

johnsongrass in switchgrass fields in Tennessee. 

 

 

Slide 5 

This slide shows switchgrass establishment at TSU that was 

previously mentioned.  The image on the left shows how things 

look during the first year of establishment, there are a lot of 

weeds and it is difficult to tell where the switchgrass is.  In the 

second year, at the same time of year, you can see the huge 

difference that has taken place.  Now that the roots are 

established, the aboveground biomass can really start to take 

off.  In the first year, the only major management that was 

performed during the growing season was to try to keep the 

weeds cut down regularly so that they did not overtop the 

switchgrass.  In the early spring between the first and second years you can go out and see the switchgrass 

coming up much easier since most of the other weeds are still dormant.  If you have one switchgrass plant 

for every 1-2 square feet it is considered a success.  The plants will expand outward to fill in much of the 

space. 
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Slide 6 

NWSGs can be planted no-till using a no-till seed drill.  No-

till planting can provide a firmer seedbed, increased 

moisture, reduced erosion and less compaction (by 

reducing the number times that heavy machinery is on the 

field).  This allows for the residue in the field to be pushed 

down ahead of the coulter with the seed being placed in the 

opening that is created.  Another option to increase the 

chance for good seed/soil contact is to burn off residue just 

prior to planting.  This can also help reduce weed 

competition by killing weed seeds present in the soil. 

  

The seeding rate depends on plant species or planting procedure (see NWSG handout).  Eastern gamagrass 

requires the highest rates due to high dormancy, and usually requires some type of stratification (cold, wet 

period to break dormancy).  It also needs to be planted with something like a corn planter due to spacing 

requirements.  Eastern gamagrass can be planted once the soil temperature reach about 60 degrees or early 

to mid-April.  Other species should be planted after soil temperatures reach 65 degrees or around the last 

week of April/first week of May.  

  

Planting depth should be less than ¼” except for Eastern gamagrass which has a larger seed and should be 

planted at ¾” to 1.25” depth. 

  

Only required P and K and lime (pH >5) should be added during establishment.  Nitrogen applications in 

the first year will only help the weeds. 

 

Slide 7 

This is a comparison of the different seed sizes for NWSGs.  

Note the very small switchgrass seeds, relatively small 

bluestem and indiangrass seeds and large eastern gamagrass 

seeds.  You can see the large seed coat on the eastern gamagrass 

seeds which is the reason that stratification is usually needed 

for good germination. 
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Slide 8 

In the first year of planting, do not let the seedlings be 

overtopped by weeds.   

 

In the second season, a single early cutting (before mid-June) 

or 40-60 days of grazing is possible.   

 

 

 

 

 

Slide 9 

In the second season 40-60 days of grazing is possible.  Allow 

some to remain for continued growth. 

Do not graze until it is 15” (usually late April/early May).  

Maintain stand height above 15” and cease grazing once stand 

heights have dropped below 12”.  Stock at about 1600-2000 

lbs/acre during first 30 days for switchgrass and eastern 

gamagrass and 1200-1400 lbs/acre for big bluestem or 

indiangrass dominated pastures.  Through late June through 

early August, grass production will slow so stocking rates 

should be lowered to 1400-1600 lbs/acre for switchgrass or 

Eastern gamagrass and 900-1200 lbs/acre for big bluestem/indiangrass.  Sept. 1 is usually a good target date 

to stop grazing. 

 

Slide 10 

Eastern gamagrass will be ready to cut in late May.  Switchgrass 

in late May/early June.  Bluestems and indiangrass in mid/late 

June.  The grasses are usually ready for a second cutting about 

6-8 weeks after the first cut (dependent on 

rainfall/temperatures).  The second cutting should occur 

before the end of August to allow the plant to rest prior to 

winter dormancy.  Usually only 2 cuts are advisable and cut to 

about 8” height (to prevent loss of leaf area). 

 

 

 

 

 

 

Slide 8 
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Slide 11 

The reason we don’t want to cut these grasses too low is because 

at these lower heights there is a huge reduction in leafiness.  As 

you can see it is reduced in half when you go from 12” to 8” 

height.  The reduction in leafiness will prevent quick regrowth 

and reduce stand vigor.  Leaves are the areas for photosynthesis 

and the more that are removed, the longer it will take to 

recover. 

 

 

 

Slide 12 

Also, the timing of the cut is just as important as the cut height.  

As the grass grows, those stems that were once at 8” on June 1 

may be at 12” at June 10.  If the cut is too short, the apical 

meristem, or growing point on the plant, can be removed. 

 

 

 

 

 

 

Slide 13 

Now we will talk a little about bioenergy and how some of these 

NWSGs that we are growing can be used in different bioenergy 

processes.  There is a lot of interest in expanding renewable fuel 

production so that we are not as dependent on one source of 

fuel, we are less reliant on the importing of foreign oil and to 

try to reduce environmental issues caused by fossil fuels.  The 

U.S. government has created a mandate whereby about 36 

billion gallons of our transportation fuels each year will be 

coming from renewable sources.  About 15 billion gallons will 

come from corn ethanol but the remainder will come from 

renewable fuels from other methods, like cellulosic ethanol or biodiesel. 
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Slide 14 

There are generally two ways that NWSGs can be used as a fuel 

source, the biochemical pathway or the thermochemical 

pathway. 

 

 

 

 

 

 

 

Slide 15 

The biochemical pathway is used to produce cellulosic ethanol.  

This ethanol is the same as corn ethanol, it just originates from 

a different source and the process to make it is slightly 

different.  Since the sugars in these grasses are less available 

than in corn, an extra step is needed to release these sugars.  

This involves a pre-treatment step where the material is reacted 

with dilute acid or enzymes.  Afterwards, the rest of the steps 

are the same as for corn ethanol where the sugars are fermented 

and the resulting ethanol is distilled.  The pilot plant out in East 

TN (Vonore, TN) has been working to commercialize this 

process.  Some of the research that they did was important in opening up the commercial facility in Iowa 

that uses corn stover to produce cellulosic ethanol. 

 

Slide 16 

There are a few different options for the thermochemical 

process.  Combustion of coal or natural gas is used in power 

plants to produce electricity.  This is also an option for NWSGs 

to be co-fired with coal to produce electricity or to be used as 

a heat source in pellet stoves. 

   

With gasification, less oxygen is allowed in the system and this 

produces syngases like hydrogen. 

 

With pyrolysis, no oxygen is allowed in the system and this can 

produce oils that can be refined to a biodiesel fuel. 

 

 

 

Slide 14 
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Slide 17 

There has been research looking at the potential of NWSGs 

being a dual use crop where the first harvest can be used for 

forage and the second harvest for biofuels.  You can see there is 

not much difference in overall yield for switchgrass when it is 

used in a one-cut or two-cut system. 

 

 

 

 

 

Slide 18 

There are a couple of program available that can help with the 

establishment costs of native warm-season grasses.  The EQIP 

program through the NRCS will pay a portion of the average 

cost associated with the developed conservation plans that may 

include native warm-season grasses.  The CRP program under 

EQIP will allow a farmer to cut the NWSGs for hay or graze 

them. 

 

The Farm Wildlife Habitat Program through the TWRA is 

interested in eradicating fescue and planting native grasses.  

They can reimburse 75% of the establishment costs up to $2000 per contract per year.  The contract must 

be maintained for 5 years. 

 

Slide 19 

Project areas must relate to a commercial or research facility 

that is using the material for bioenergy production.  Currently 

there are no project areas on Tennessee. 

 

The establishment payments provide 50% reimbursement up 

to $500/acre for woody and nonwoody perennial species, for 

SDA (socially disadvantaged) farmers and ranchers, 50% 

reimbursement up to $750/ acre for woody and nonwoody 

perennial crops 

 

The annual rental payments are for up to 5 years for herbaceous annual and perennial crop production, up 

to 15 years for woody biomass and the payment itself is generally based on the land rental rate.  No 

information available on the amounts provided. 

 

 

Slide 17 
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The harvest payments provide matching payments of up to $20/dry ton what the facility pays for a 2 year 

payment duration 

 

The annual payment will be reduced when a matching payment has been earned. 

 

 

 

 

 

 

 

Test their Knowledge - Questions for the audience 

  Q: What are the two best land sites for growing NWSGs? 

  A: Newly-cleared land and cropland used to grow non-grass species. 

 

  Weed management for NWSGs should begin  the August before spring planting . 

 

  Successful stand establishment at the beginning of the second year is typically 

demonstrated by having at least   one plant per 1-2 square feet  . 

 

  Q:  Why should there be no N application in the first year of planting NWSGs? 

  A:  The NWSGs do not need much N in the first year as they focus more on root 

development.  The N will go enhance weed production. 

 

  It is possible to graze cattle on NWSGs    for 40-60 days in the second season  . 
 

  The leafiness of NWSGs becomes reduced as   cutting/grazing height is reduced     

  and   cutting/grazing date is delayed (for the same relative height)  .  
 

  T or F  The ethanol produced from NWSGs is the same as the ethanol produced  

             from corn. 

 

  Q:  What are the state or federal programs available for assistance in growing    

  NWSGs? 

  A:  Environmental Quality Incentives Program, Farm Wildlife Habitat Program,    
  Biomass Crop Assistance Program 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: NWSG – Establishment and management for bioenergy and forage Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Tips for establishing native warm-season grasses 1 2 3 4 5 1 2 3 4 5 

2. Using native warm-season grasses for bioenergy 1 2 3 4 5 1 2 3 4 5 

3. Using native warm-season grasses for forage 1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Grow native warm-season grasses for bioenergy 1 2 3 4 5 1 2 3 4 5 

2. Grow native warm-season grasses for forage 1 2 3 4 5 1 2 3 4 5 

3. Apply for assistance to grow native warm-season grasses 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. What was the most important thing you learned at this activity? 
 

 

 

Thank you for completing this survey! 



Biomass Energy Training Curriculum 

• • •

151 

Learning objectives: 

• Participants will be able to identify different types of field indicators for soil health assessment

• Participants will be able to perform different soil health assessments in the field

• Participants will be able to identify laboratory analyses for further testing

• Participants will be able to identify solutions for different adverse soil health factors

Materials: 

• PowerPoint® slides “Soil health for sustainable agriculture”

• Lesson guide:  Use the notes in this lesson guide to present information for each presentation

slide.

• Handout: “Georgia soil health scorecard”

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_05387

1

• Handout: “Interpreting soil health assessments”

http://soilhealth.cals.cornell.edu/extension/pdfs/NH_NRCS_SoilHealthManagementOptionsTab

le.pdf

Copies of the above handouts can also be found in the Appendix.

• Questions found at the end of this lesson guide can be used to test participants’ knowledge at the

end of the presentation.  This can be combined with clickers to improve audience engagement

and create discussion.

• An evaluation of the presentation can be found in this lesson guide following the lesson

questions.

Topics: 

Soil health field indicators, soil health testing 

Management practices to improve soil health 

Part IV:  Soil health for sustainable 

agriculture 
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Slide 1 

Soil health is a holistic approach that goes beyond determining 

the nutrient status of the soil.  It includes assessment of the 

physical and biological status to determine all important 

aspects of the soil that can have an effect on its health and 

sustainability which can affect crop production. 

 

 

 

 

 

Slide 2 

Measuring soil health is important for a number of reasons.  It 

can help to identify constraints of your land that would limit 

yields (i.e. compaction, nutrient availability, beneficial/non-

beneficial organisms).  Once you know these constraints, you 

can identify specific management practices that can be used to 

improve these issues.  By monitoring soil health each year you 

can identify the effects of changes that you might make in the 

field (i.e. changing tillage practices).  You can identify if you are 

moving in the right or wrong direction.  If you are able to 

increase the health of the soil from what it was when you first 

bought or rented your land, it should be worth more.  Also, just like with a house, you can use this equity 

when you need it (i.e. reducing fertilizer applications one year if prices are too high). 

 

Slide 3 

There are different levels of monitoring your soil for its health.  

The list shown on the slide is in increasing order of complexity, 

time and cost (i.e. general field observations are lowest, 

comprehensive soil tests are highest). 
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Slide 4 

With general field observations, this is similar to monitoring 

your own health.  Is something hurting?  Do you have enough 

energy?  In the field, you can ask questions like, am I getting 

similar yields or is there a consistent decrease?  Is there 

ponding or soil crusting on the field?  Are the plants under 

more influences of disease or pests?  Does it take more power 

to run tillage equipment or planting equipment through the 

soil?  If you are seeing any negative factors, it is a good idea to 

seek more information on the causes of these symptoms. 

 

Slide 5 

This is a way to take qualitative measurements of your field 

without lab analyses.  It is important to take samples from a 

number of different areas within the same field since the soil is 

quite variable.  Also, if taking these measurements on an 

annual basis, be sure to take the measurements at the same 

time of year and under the same conditions.  Differences in 

conditions or timing may cause differences in what you see that 

may have nothing to do with the soil health but are more 

determined by these other conditions.   

 

Look at the handout (see Appendix) with the Georgia soil health scorecard (there is not currently one 

for Tennessee) and go over some of the items to give participants an understanding of how they work.  

More discussion of some of these will take place on the following slides. 

 

Slide 6 

To measure the strength of soil aggregates, you can perform 

what is called a “slake test”.  Basically you can use this to 

compare soil aggregates under different growing and 

management conditions.  You can take a soil aggregate from 

the top few inches of soil and place it in a jar with water to see 

if the aggregate holds together or slakes (falls apart).  If it holds 

together you can swirl the contents around to see if the 

aggregate still holds together.  A soil that slakes will be more 

susceptible to erosion and can reduce air and water infiltration 

within the soil. 

 

 

Slide 4 

 

Slide 5 

 

Slide 6 



Biomass Energy Training Curriculum 

• • • 

154 

 

Slide 7 

All of these indicators can be observed during or right after a 

hard rain. 

 

Soil crusting is a dense crust that forms on the top layer of soil 

and becomes hard when dry.  The crust can reduce emergence 

of seedlings and reduce crop yields. 

 

Ponding can be identified when standing water is found in low 

spots on a field.  Also, slaked soil (aggregates that have 

disintegrated) or cracks in the soil can indicate ponding.  This 

indicates poor drainage and can cause issues related to poor root growth and disease. 

 

Runoff and erosion can be observed during a hard rain as water cuts through a field and removes soil and 

nutrients.  After a hard rain evidence such as slaked soil along a change in elevation, rills or, in extreme 

situations, gullies can be formed through a field indicating soil loss.  You can compare different crops and 

different management areas to assess which ones may reduce these issues. 

 

Slide 8 

The best way to measure this is with a penetrometer which can 

give you a value of the strength of your soil.  If the soil has a 

strength that is too high (greater than 300 psi), it will restrict 

root growth.  Other tools that can be used to give a relative idea 

of the soil strength include a spade, a tile finder or a stiff wire.  

It is a good idea to measure the strength throughout the year as 

conditions can change due to tillage, moisture, crop canopy, 

and packing and settling of soil.  Too much field traffic can 

cause compaction of the soil which will also reduce infiltration 

and increase the potential for erosion.  A high degree of tillage 

can introduce a plow layer which compacts the subsoil and reduces root penetration and water movement 

down within the soil profile.  Also, dig up some of the top layer of soil and see if it breaks up into small 

aggregates or large clumps.  Large clumps are not the soil structure that is best for water infiltration or root 

growth. 
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Slide 9 

Soil microorganisms are smaller than what can be seen with 

the naked eye.  As this infographic says there are more soil 

microorganisms in a teaspoon of healthy soil than there are 

people on the earth.  Earthworms are larger macroorganisms 

and can be assessed in the field to determine soil health.  The 

best time to assess is mid-spring after the soil has had a chance 

to warm and in mid-fall as long as it is not excessively wet.  If 

you see a lot of earthworm activity (10 worms per square foot), 

the soil may be pretty healthy but if it is devoid of any life, it 

may indicate that there is a problem.  Earthworms help to break 

down organic matter so microbes can further break it down into nutrients that the plant can access.  They 

also help provide porosity to the soil which aids in water movement. 

 

Slide 10 

You can check the status of root development once the plants 

have reached the fast-growing vegetative stage.  Check to see if 

the roots are properly branched, extending in all directions 

with numerous lateral roots.  Also, they should be holding onto 

the soil and forming aggregates.  Problem indicators could be 

short, stubby or decaying roots.  If the roots are bunched up in 

one area but devoid of another area this could indicate high soil 

strength or a hardpan.  It is a good idea to dig deep enough to 

see the full extent of the root development. 

 

Slide 11 

Nutrient deficiency symptoms can be found on plant leaves 

when soil fertility levels are low for a particular nutrient. This 

picture by Dr. Pitchay at TSU shows interveinal necrosis for 

this squash plant leaf when deficient in Mg.  The symptoms are 

different for each nutrient and can also vary from plant to 

plant.  In general, N deficiency can be observed by a lighter 

shade of green on lower (older) leaves that becomes more 

yellow as the deficiency becomes worse.  Potassium 

deficiencies can be identified sometimes by interveinal 

chlorosis where the areas between the leaf veins become yellow.  

With phosphorus deficiency, older leaves can turn a dark green or reddish purple. 

 

 

 

 

Slide 9 
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Slide 12 

With comprehensive soil tests it is recommended to perform 

these every 2 or 3 years in spring when soils are moist (field 

capacity) (not too wet or too dry).  The overall Cornell Soil 

Health test includes a number of specific tests for different 

characteristics that all relate to soil health.  The results are 

color-coded to identify areas that need improvement (i.e. red) 

as well as an overall quality score.  In addition to chemical 

indicators it also measures 4 physical indicators and 4 

biological indicators.  In the example shown, the chemical 

factors are good (green) but the biological and physical factors 

are not.  This is a good example of how soil nutrient testing alone does not give the whole story.   

 

The combined test costs anywhere from $50-$140 per sample.  The one shown here is $95 per sample.  On 

the other hand, if you identify some specific areas of concern from some of your own more qualitative tests 

that were described above, you can have an individual test run at $15 to 25 per sample. 

 

Slide 13 

This is a soil health test offered by Midwest Labs.  They utilize 

some different parameters to identify the level of soil health but 

provide an overall calculation and individual indicators to 

determine where your issues might be, similar to the Cornell 

Soil Health Test results.  These tests are $75/sample and do not 

include any testing of soil physical properties, only chemical 

and biological properties. 

 

 

 

Slide 14 

There are some do-it-yourself kits out there so that you can get 

more accurate measurements in the field.  This kit costs $800 

but you can make your own kits using some resources offered 

by the NRCS.  If you “Google” Soil Quality Kit NRCS, you can 

find information for individual tests as well as information on 

the materials you need to perform these tests. 

 

 

 

 

 

Slide 12 
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Slide 15 

Most soil health can be improved using the six approaches 

identified.  These effects are all additive.  The handout also 

includes other specific options as recommended by NRCS.  

The short-term practices provide quicker responses that will 

have to be done multiple times to prevent a recurrence of the 

issue.  The long-term practices will take longer to see their 

effects but will treat the issue more sustainably.   

 

Go over the NRCS handout (see Appendix) with 

different management practices for different soil health 

issues. 

 

Slide 16 

Think of the soil as a bank.  If you have to use a practice that is 

“bad” (like harvesting crops under wet soil conditions), try to 

compensate by incorporating a “good” practice. 

 

Engaging in no-till, strip-till or zone tillage can help reduce 

organic matter losses, erosion and degradation of soil 

structure.  Controlled-traffic farming can help reduce the 

potential for compaction but may require adjustments to 

planting equipment and acquisition of a GPS system. 

 

Crop rotations even between crop and forage systems can reduce weed, disease and insect competition and 

help to build up soil nutrients and organic matter. 

 

Cover crops can reduce erosion of soil and nutrients.  They can also reduce weed competition, add N to 

soil (legumes) and reduce compaction (radish) 

 

Organic matter inputs can counter the negative effects of tillage.  It is important to make sure that you don’t 

apply too much material, causing nutrient surpluses and that the material is relatively disease-free.  Fresh 

organic matter (manure, cover crops) will immediately stimulate biological activity and provide a lot of 

available N.  More stable organic matter (compost, crop residues) will assist with long-term building of soil 

health. 
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Slide 17 

Perennial forage crops will reduce tillage, erosion and improve 

soil physical and biological properties. 

 

Silage harvests do not leave much residue so manure can be 

applied in its place. 

 

As with the previous slide, no-till, strip-till or zone tillage can 

be used.  Manure can be injected to reduce tillage or gently 

incorporated with aerators. 

 

Manure spreaders can be heavy, spread manure when soil is dry or inject in winter.  Build storage for 

manure so you have the ability to apply it when conditions are best.  Aerate pastures to reduce the effects 

of compaction from foot traffic. 

 

Nutrient losses from too much manure can be a problem.  Regular soil testing can ensure optimal usage. 

 

Slide 18 

The majority of the soil health information came out of the 

book, “Building soils for better crops” which is a publication by 

the Southern SARE (Sustainable Agriculture Research and 

Education) program and can be found on their website.  A 

complete pdf of the book can be downloaded for free off of 

their website.  

  

Any future questions can be directed toward the contact 

information indicated. 
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Test their Knowledge - Questions for the audience 

  Q: What are three ways to measure soil health? 

  A: General field observations, field indicators, comprehensive soil tests 

 

  Q: What is a soil health scorecard? 

  A:  It provides a checklist of soil health indicators and allows one to make    

  observations and rate the indicators. 

 

  Q:  What are some examples of field indicators? 

  A:  Erosion, pH, biological activity, fertility, infiltration and drainage, organic matter,    

  color 

 

  To measure the strength of soil aggregates, a   slake test   can be performed. 
 

  The strength or hardness of the soil can be measured with a   penetrometer, tile    

finder or stiff wire  . 
 

  Healthy biological activity in the soil can be indicated by   10 earthworms  per 
square foot. 

 

  Q: How can potential nitrogen deficiency be observed in plants? 

  A:  A lighter shade of green or yellowing on lower (older) leaves. 

 

  Comprehensive soil tests can cost   $50 - $140   per sample but a soil test for one 

component can cost   $15 - $25   per sample. 

 

  Q:  Where can you find free information on creating your own soil health test kits? 

  A:  Soil quality kit NRCS 
 

  Q:  What can be done to improve soil health? 

  A:  Reduce tillage, avoid soil compaction, grow cover crops, use better crop 
rotations, apply organic or inorganic amendments 



   

Evaluation 

Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future. 

 

Name of Activity: Soil health Date of Activity: 

 

A. Instruction 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

       

1. The specialist was well prepared. 1 2 3 4 5 6 

2. The specialist presented the subject matter clearly. 1 2 3 4 5 6 

 

B. General Learning and Change 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I have a deeper understanding of the subject matter as a result of this session. 1 2 3 4 5 6 

2. I have situations in which I can use what I have learned in this session. 1 2 3 4 5 6 

3.  I will change my practices based on what I learned from this session. 1 2 3 4 5 6 

 

C. Specific Learning 
 How much did you / do you know about these subjects? 

Before this program I knew… Now I know…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. How to measure soil health 1 2 3 4 5 1 2 3 4 5 

2. How to improve soil health  1 2 3 4 5 1 2 3 4 5 

 

D. Specific Practices 
                To what degree did you / will you do the following? 

Before this program I did… In the future I will realistically do…. 

Very 
little 

Little Some Much Very 
Much 

Very 
little 

Little Some Much Very 
Much 

1. Measure different field indicators of soil health 1 2 3 4 5 1 2 3 4 5 

2. Perform specific testing for soil health 1 2 3 4 5 1 2 3 4 5 

3. Incorporate sustainable agricultural methods for soil health 1 2 3 4 5 1 2 3 4 5 

 

E. Satisfaction with Activity 
Strongly 
Disagree 

Disagree 
Somewhat 
Disagree 

Somewhat 
Agree 

Agree 
Strongly 
Agree 

1. I would recommend this program to others. 1 2 3 4 5 6 

 

 

F. Other comments? 
 

 

 

Thank you for completing this survey! 
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Factsheet, “Sunflower for Biodiesel Production” 
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Factsheet, “Calibrating Seed Drill Seeding Rates for Native Warm-Season Grasses” 

Factsheet, “Improving Switchgrass Yields for Bioenergy Production” 

Handout, “Georgia Soil Health Scorecard” 

Handout, “Interpreting Soil Health Assessments” 



The U.S. energy industry produces our heat, electricity 
and transportation fuels and is largely dominated by 
fossil fuel production and consumption.  This presents 
some difficulty in managing risks related to price 
volatility and uncertainty that these sources are known 
to encounter (especially for transportation fuels like 
petroleum).  This document identifies current trends 
in fossil fuels and biofuels in the U.S. and the energy 
produced in Tennessee.

U.S. Fossil fuels
In general, overall U.S. fossil fuel production has 
increased since 2005 and consumption has decreased 
since around 2007.  The U.S., however, still relies on 
other countries for over 3 billion barrels of crude oil 
each year (Fig. 1).  In 2014, the top 5 countries that the 

U.S. imported oil from included Canada, Saudi Arabia, 
Mexico, Venezuela and Russia (Fig. 2).  These imports 
can influence U.S. foreign policy because they provide 
other countries with some leverage over our economic 
security.  Therefore, expanding energy production into 
other sources can enhance U.S. national security.

Figure 2. Top 5 countries importing oil to the U.S.

In 2014, the energy consumed in the U.S. largely came 
from fossil fuels (79%) with smaller portions  from 
nuclear (9.5%) and renewable (11%) energy sources 
(Fig. 3).  

Currently, biomass energy (mostly from wood and corn 
ethanol) makes up about 4.7% of total energy production.  
Having multiple investments in a retirement plan is a 
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Figure 1.  U.S. crude oil production and consumption 
between 2000 and 2014.

Figure 3.  Comparison of U.S. fuel consumption (largest 
sections represent the fossil fuels) with a retirement fund.  



good example of a way to mitigate risk from financial 
crisis and can be a goal for the U.S. energy sector (Fig. 
3).  In a well-structured retirement plan, a decrease in 
market prices will have less effect because it is balanced 
out by more stable investments.  Having more sources 
of energy will provide greater stability in energy prices 
because if the cost of one source increases, another can 
be used in its place.

Tennessee Energy
Tennessee has few fossil fuel reserves and produces a lot 
of its electricity from nuclear and renewable (primarily 
hydropower) fuel (Fig. 4).

Tennessee currently has 52 power plants producing 
electricity and the fuel sources range from hydropower 
to fossil fuels to nuclear, wind, solar,  and biomass 
energy (Fig. 5).

Of the 5 biomass plants in Tennessee, two are associated 
with landfills where they presumably use the methane 
produced in these areas to produce electricity.  The 
remaining three are located with paper product 

manufacturing plants which burn their waste product 
to produce electricity.

In addition to electricity production, there are two 
ethanol production plants in Tennessee that produce 
about 110-120 million gallons of corn ethanol each 
year.  There are also some small commercial biodiesel 
production plants that produce 2-5 million gallons per 
year, primarily from waste cooking oils.

According to the 2012 Census of Agriculture, there 
are a number of different renewable energy systems 
employed on Tennessee farms (Fig. 6).

Tennessee is working toward increasing renewable 
energy production, particularly biomass energy, 
through different ventures in cellulosic ethanol and 
biodiesel production and education.  This will provide 
benefits like job growth and economic development to 
the state since there are few fossil fuel reserves and the 
use of these sources will enhance environmental quality.
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Figure 4.  Comparison of U.S. and Tennessee energy 
production sources.  

Figure 5.  Sources of Tennessee electricity generation  

Figure 6.  Renewable energy on Tennessee farms (Census 
of Agriculture, 2012)  
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There are a number of different kinds of crops besides 
corn that can be used as feedstocks for producing 
biofuels.  Some feedstocks produce readily-available 
starches or sugars that can be converted to produce 
ethanol while others produce oil that can be used in 
biodiesel production (most organic materials can also 
be burned to produce heat or electricity in the same way 
that coal is used).  Organic materials can also be used 
to produce cellulosic ethanol which is the same as corn 
ethanol but requires more processing.

Crop residues
Crop residues, like corn stover (Fig. 1), are the materials 
left on the field after a crop is harvested and can be used 

to make cellulosic ethanol.  The amount of residue, 
however, that can be harvested without causing adverse 
impacts to soil erosion or fertility must be considered.  
America’s first commercial scale cellulosic ethanol 
plant, in Emmitsburg, IA, uses corn stover to produce 
20 million gallons of ethanol per year. 

Perennial Grasses
Perennial grasses are dedicated cellulosic crops that 
can be used in the same ways as crop residues.  Typical 
species include native warm-season grasses (Fig. 2) 
such as switchgrass, big bluestem, little bluestem, 
indiangrass, eastern gamagrass, plus miscanthus.  

Benefits of perennial grasses include no annual 
establishment costs, low chemical input requirements,  
high biomass production, increased soil organic matter, 
reduced erosion and improved wildlife habitat.  Giant 
Miscanthus is probably the highest yielding grass for 
Tennessee’s climate but has the highest establishment 
costs and is not a native plant which could lead to 
invasive issues. 

Sorghum
Sorghum is a summer annual crop with a number 
of different varieties that can be used for bioenergy 
production.  Sweet sorghum produces readily available 
sugars that can be fermented to ethanol using the same 
process as corn ethanol.  Forage sorghum (Fig. 3) 
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Figure 1.  Corn stover baled following corn harvest (F.J. 
Hay, University of Nebraska-Lincoln)

Figure 2.  Switchgrass field in Tennessee.



           
produces high levels of biomass which can be used to 
produce cellulosic ethanol.

Grain sorghum produces an animal feed that is of lower 
quality than corn but can be used to produce ethanol in 
existing corn ethanol facilities.

Woody crops
Fast-growing woody crops like shrub willow, hybrid 
poplar (Fig. 4), loblolly pine, and eucalyptus can be 
regularly harvested and used to produce cellulosic 
ethanol.

Some of these trees can be harvested year-round (like 
willow), while others are harvested every 5-7 years (like 
poplar).  They provide benefits to the ecosystem and 
have consistent energy contents.  Forest residues from 

logging and management practices can also be used to 
produce cellulosic ethanol and alone produce over 300 
million dry tons of production per year (SFAB, 2011).

Oilseed crops
Oilseed crops like soybean, sunflower, and canola  (Fig. 
5) can be used to produce biodiesel.

The extracted oils can be converted to biodiesel and the 
meal that is remaining can be used as an animal feed.   
Sunflower and canola generally contain about 40% oil 
in the seed while soybean has around 20% oil.  Canola 
can be grown in the winter in Tennessee to help reduce 
erosion while at the same time producing an additional 
revenue source for farmers. 
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Figure 3.  Forage sorghum production at Tennessee State 
University Agricultural Research and Education Center

Figure 4.  Hybrid poplar production at Tennessee State 
University Agricultural Research and Education Center

Figure 5.  Winter canola production at Tennessee State 
University Agricultural Research and Education Center



Ethanol 

Carbon dioxide 

Do yeast prefer Corn PopsTM or Corn Meal?: 

  Producing ethanol from multiple feedstocks 
created by Dr. Jason de Koff (adapted from Dr. Ken Newberry)

Objective: The objective of this laboratory is to determine which feedstocks yeast prefer for 

the production of ethanol and why they choose certain types. 

Background: Yeast are microorganisms that are used in baking things like bread but they can 

also be used to produce the biofuel, ethanol.  Below is the process that takes 

place: 

Today, we will be determining how much ethanol is produced by different 

feedstocks by capturing the carbon dioxide produced using a balloon. 

Materials Cereal, Corn starch 

needed: Yeast 

Plastic bags 

Scoopulas 

Weighing boats 

Balance 

Graduated cylinders 

250 mL Erlenmeyer flasks 

Balloons 

Procedure: 1. Select one of your favorite cereals and place a handful in a plastic bag.  The

instructor or another student can use corn starch instead of cereal to compare.

2. Close the bag and using your hand or the bottom of your plastic Erlenmeyer

flask proceed to crush the cereal into a powder-like substance.

Carbohydrates (sugar) 



  

3.  Once crushed, use a scoopula to weigh out about 8 grams of your cereal into a 

tared weighing boat on a balance.   

 

 4.  Select on 7 gram packet of yeast and carefully pour it into your 250 mL 

Erlenmeyer flask. 

 

 6.  Using your graduated cylinder, measure 100 mL of warm water and pour it 

into your graduated cylinder. 

 

 7.  Quickly place your balloon over the mouth of the flask and gently swirl the 

material until it all dissolves. 

 

 8.  After about 15 minutes check on your flask and balloon and identify any 

changes that you see. 

 

 

Thought 1.  Why do we crush the cereal before adding it to the flask? 

Questions: 
 The greater surface area allows for the reaction to take place at a faster rate. 

 

 

 2.  What are some ways that we could compare which feedstocks produce the 

most ethanol?   

 

 Measure how quickly each balloon inflates, measure the size of each balloon. 

 

 

3.  In this laboratory exercise, which feedstocks do you think produced the most? 

 

 The cereals with the most sugar. 

  

 

 4.  What other feedstocks are used to make ethanol? 

 

 Wood, grasses, anything with starch, cellulose 

 

 

 5.  What is this process called? 

 

 Fermentation 

 

 

 6.  Do yeast prefer Corn Pops
TM

 or Corn meal? 

 

 Corn Pops
TM

 because they have more readily-available sugars 

 

 









“The diesel engine can be fed with vegetable oils and would help 
considerably in the development of agriculture of the countries which 
use it.”  Rudolf Diesel, 1911

The production of biodiesel from vegetable oil is a viable 
process to create fuel that can replace traditional diesel 
used in existing engines.  Many large biodiesel production 
facilities in Tennessee are using waste oils (fast food frying 
oils, for example) for biodiesel production, but the oil from 
pressed oilseed crops (i.e soybean, canola, sunflower) can 
also be converted to biodiesel on the farm by a farmer or 
farmer cooperative.  

Based on estimates, a typical farm uses around 2 to 6 gallons 
of diesel fuel per acre per year.  Depending on the oilseed 
crop and yield, a farmer could devote 1 to 15% of the farm 
acreage to producing oilseed crops for biodiesel production, 
and become totally self-sufficient in their diesel fuel use.  This 
fact sheet discusses the process and equipment involved in 
biodiesel production and some important quality and safety 
issues.

Biodiesel conversion
The original diesel engines were designed to use various types 
of fuels, including seed oils.  Over time, the diesel engine was 
modified to use the lower-grade byproduct of petroleum 
refinement.  Therefore, unless retrofitted to run on straight 
vegetable oils, the oils must first be converted to biodiesel.

Creating biodiesel from waste or pressed vegetable oils 
involves a process called transesterification.  This process 
was used in the mid-1800s in the U.S. for making glycerin 
soap and the esters (biodiesel) produced were considered 
a byproduct.  Transesterification basically involves the 
reaction of the oil with lye (sodium hydroxide) and alcohol 
(methanol) to remove glycerin.  The glycerin sinks to the 
bottom and the biodiesel floats to the top.  Removing the 
glycerin from the oil makes the original oil thinner so that it 
can be used in a diesel engine.

Biodiesel equipment and supplies
Certain equipment is required to create biodiesel.  Due 
to the hazardous nature of the chemicals involved, it is 
recommended to purchase this equipment rather than 
building your own.  It is also recommended that you 
consult a professional to avoid production issues.  Groups 
such as TSU Extension and the National Biodiesel Board 
(www.biodiesel.org) can provide contacts and information 
regarding biodiesel production.

Seed press:  A seed press (Fig. 1) will allow for the extraction 
of oil from a number of different types of seeds.  Prices usually 
range $3,000 - $12,000 depending on the manufacturer and 
the processing volume/speed.  In addition to oil, the press 
also produces residual meal that can be used as an animal 
feed.

Biodiesel processor:  The processor (Fig. 2) can hold and 
mix the oil and chemicals, allowing them to react and 
produce biodiesel.  Processors usually contain some type of 
agitator and heating device to allow for faster reaction of the 
material and typically produce 40-80 gallons of biodiesel at 
a time.  Prices can range $1,500 - $10,000 depending on the 
manufacturer and capacity.
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Fig. 1. Seed press for extracting oil from oilseeds.  Seeds are fed 
into the press from above (A), oil drains out the bottom (B), 
and the residual meal is fed out the side of the press (C).



Other miscellaneous equipment:  Filtering equipment or a 
centrifuge is advised (particularly if using waste vegetable oil) 
to remove particulates prior to loading oil into the biodiesel 
processor as some of these particulates could end up in the 
final product.

Alcohol:  Methanol is the type of alcohol that is used in this 
process because it is generally cheaper than ethanol and 
usually has a more predictable reaction.  Methanol does 
have safety issues that relate to its flammability and other 
health hazards so it is important to use it under the correct 
conditions with the correct personal protective equipment.  
Methanol usually costs around $200 (plus taxes and shipping) 
for a 55 gallon drum which can produce about 275 gallons of 
biodiesel.

Lye (catalyst):  Sodium hydroxide (NaOH) is usually the 
chemical of choice due to its lower cost.  Potassium hydroxide 
(KOH) can be used instead but a larger amount will be 
needed.  As with methanol, these chemicals are also a health 
hazard and the proper guidelines should be followed in their 
use.  The sodium hydroxide costs about $60 (plus taxes and 
shipping) for 55 lbs. which can be used to produce about 724 
gallons of biodiesel.

Quality
It is important to ensure the best quality biodiesel before 
using it in your equipment.  To legally sell biodiesel to others, 
the biodiesel must pass specific testing standards (ASTM 
6751 for 100% biodiesel, ASTM 7467 for 6-20% biodiesel).  If 
using biodiesel in your personal equipment, it does not have 

to be tested but will void the engine warranty.

Standard tests can be costly but simpler, easy tests kits are 
available that can give some idea of biodiesel quality.  In the 
absence of standard tests it is even more important to ensure 
that proper techniques (filtration, correct ratio of chemicals, 
allowing enough time for conversion and proper separation 
of glycerin from biodiesel, “washing” and “drying” of 
biodiesel, proper storage) are being used to produce good 
quality biodiesel.

Safety
Safety is extremely important when handling the chemicals 
involved in producing biodiesel.  Always follow the guidelines 
that come with the chemicals.  In addition, other good 
resources are available that relate to safety issues involving 
biodiesel production.  A couple of examples are below:

http://pubs.cas.psu.edu/freepubs/pdfs/agrs103.pdf
http://pubs.ext.vt.edu/442/442-885/442-885.html

Waste Disposal
There is wastewater and contaminated glycerol that is 
produced as part of the process that must be disposed 
in an environmentally sound and lawful way.  For more 
information on proper disposal methods in Tennessee, 
contact the Division of Solid and Hazardous Waste 
Management at (615)532-0780.  There is also an annually 
updated list of permitted hazardous waste transporters at 
http://www.tn.gov/environment/swm/pdf/transporter.pdf

Additional Resources
Ciolkosz, D.  2009.  Using biodiesel fuel in your engine.  Renewable 
and Alternative Energy Fact Sheet, Penn State College of 
Agricultural Sciences, UC204.  Available at:  http://pubs.cas.psu.
edu/freepubs/pdfs/uc204.pdf

Jackson, S.  2008.  Biodiesel: a primer.  University of Tennessee 
Cooperative Extension Program, SP700-C.  Available at:  https://
utextension.tennessee.edu/publications/Documents/SP700-C.pdf

Pahl, G.  2005.  Biodiesel, growing a new energy economy.  Chelsea 
Green Publishing Company: White River Junction, VT.

Sadaka, S.  Biodiesel.  University of Arkansas Cooperative 
Extension Service, FSA1050.  Available at:  http://www.uaex.edu/
Other_Areas/publications/PDF/FSA-1050.pdf

http://www.extension.org/pages/28783/farm-energy-biodiesel-
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Fig. 2.  Biodiesel processor containing two large tanks where 
oil is converted to biodiesel (A) and a smaller tank (B) where 
alcohol and lye are premixed before their addition to the larger 
tank.  Only one large tank is necessary but additional tanks 
allow greater production capacity.



Vegetable oils, whether from used cooking oil or 
oilseeds, are transformed into biodiesel with the help 
of a chemical reaction called transesterification.  The 
main reason we use the transesterification process is to 
thin these oils so that they are more suitable for use in 
diesel engines.  To do this, the oil molecules, made up 
primarily of triglycerides (Fig. 1) are broken apart into 
glycerol (Fig. 2) and fatty acid esters (Fig. 3).  

The fatty acid esters are the biodiesel and can be easily 
separated from the glycerol that is also formed because the 
biodiesel is less dense and floats on top (similar to oil and 
vinegar).  Breaking the triglyceride molecules apart requires 
an alcohol (usually methanol) and a catalyst (usually sodium 
or potassium hydroxide, similar to lye).  The catalyst is used 
to help speed up the reaction.  In addition to the catalyst, a 
number of other factors that affect the reaction process are 
time, heat, type of catalyst, feedstock, alcohol, and mixing.

Time
The time allowed for transesterification is important in 
producing a high quality biodiesel with good yields.  Using 
basic catalysts (i.e. sodium or potassium hydroxide), the 
reaction generally proceeds very rapidly in the beginning 
and then slows as more biodiesel is produced and there are 
fewer materials to react.  A study by Freedman et al. (1984) 
identified yields of around 55% for peanut and cottonseed oil 
and 80% for sunflower and soybean oil after only one minute 
of reaction time.  Since the reaction slows down after this, it 
is usually advised to allow the reaction to take place for 1.5 to 
2 hours to maximize yield and quality.
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Fig. 1. The chemical structure of a triglyceride molecule.

Fig. 2. The chemical structure of a glycerol molecule.

Fig. 3. The chemical structure of a fatty acid methyl ester 
(biodiesel).



Heat
The addition of heat is always useful for making reactions 
go faster.  In biodiesel production, increasing temperature 
will increase how quickly biodiesel is produced.  A study 
by Freedman et al. (1984) with soybean oil found that a 
temperature of 140°F could produce 94% of the total biodiesel 
yield in about 6 minutes versus a yield of 64% at 90°F (Fig. 4).

Type of catalyst
Basic catalysts, like sodium or potassium hydroxide, are good 
at increasing the rate of the reaction for producing biodiesel.  
Another option is a sodium methylate (also known as sodium 
methoxide) solution already dissolved in methanol.  This 
solution can produce higher yields, require less catalyst and  
improve safety (due to lower exposure to corrosive dust).

Feedstock
The type of oil feedstock you use may depend on the level of 
free fatty acids (FFAs) it contains.  Free fatty acids are large 
molecules containing many carbon atoms with an acid group 
at one end.  These FFAs can interact with the basic catalyst 
to form soap which will cause problems separating the two 
end products; biodiesel and glycerol.  In general, a FFA 
level  greater than 5% will cause this.  If this occurs, an extra 
processing step will be necessary which will involve using 
an acidic catalyst to convert the FFAs to biodiesel before the 
transesterification process can take place.  

Alcohol
The transesterification reaction requires 1-1.5 gallons 
methanol for every 10 gallons of oil used to make biodiesel 
(oil-to-methanol ratio of 8:1). For maximum yield, however, 
more alcohol is usually used.  Generally, about 2.5 gallons of 
methanol for every 10 gallons of oil (or an oil-to-methanol 
ratio of 4:1) is used since it gives the best yields (Fig. 5).

If there is too much alcohol, however, there can be difficulty 
in separating the biodiesel from the glycerol because the 
glycerol becomes more soluble in the biodiesel.  
The type of alcohol used can also have an effect on the overall 
effectiveness of biodiesel production.  Typically, methanol is 
used because it is cheaper but also because an alcohol like 
ethanol can prevent the separation of the biodiesel and 
glycerol products.

Mixing
In the reaction mixture, the catalyst will dissolve in the 
alcohol but the oil and alcohol are not soluble in one another.  
Therefore, mixing is important for initiating the reaction.  
Also, a slower rate of mixing can reduce the overall reaction 
rate. 

Additional Resources
Freedman, B., E.H. Pryde, and T.L. Mounts.  1984.  Variables 
affecting the yields of fatty esters from transesterified vegetable oils.  
Journal of the American Oil Chemists’ Society 61(10):1638-1643.

Knothe, G., J. Krahl, and J. Van Gerpen.  2010.  The Biodiesel 
Handbook.  2nd edition.  AOCS Publishing, Urbana, IL.

Meher, L.C., D. Vidya Sagar, S.N. Naik.  2006.  Technical aspects of 
biodiesel production by transesterification – a review.  Renewable 
and Sustainable Energy Reviews 10:248-268.

Stamenković, O.S., M.L. Lazić, Z.B. Todorović, V.B. Veljković, and 
D.U. Skala.  2007.  The effect of agitation intensity on alkali-catalyzed 
methanolysis of sunflower oil.  Bioresource Tech.  98:2688-2699.

Van Gerpen, J.  2005.  Biodiesel processing and production.  Fuel 
Processing Technology 86:1097-1107.

http://www.extension.org/pages/28783/farm-energy-biodiesel-
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Fig. 4. The effect of temperature on biodiesel production 
(adapted from Freedman et al., 1984).

Fig. 5. Effect of oil-to-methanol ratio, based on volume, on 
biodiesel production (adapted from Freedman et al., 1984).



Sunflower is a seed crop made up of two distinct types;  
confectionary and oilseed.  The confectionary type is grown 
for human consumption while the oilseed type can be used 
for birdseed, food-grade oil, or biodiesel production (Fig.1).  

Current Production
According to the USDA National Agricultural Statistics 
Service, there were 1.6 million acres of oilseed sunflowers 
harvested in the U.S. in 2012.  North Dakota currently has 
the most acres of oilseed sunflower in production (755,000 
acres) (Table 1).  Other states with high oilseed sunflower 
production include South Dakota, Colorado, Kansas, 
California and Texas. 

Table 1.  Harvested acres of oilseed sunflower in 2012 (National 
Agricultural Statistics Service).
State Oilseed Sunflowers 

(harvested acres)
California 47,500
Colorado 61,000
Kansas 65,000
Minnesota 37,000
Nebraska 29,500
North Dakota 755,000
Oklahoma 3,800
South Dakota 560,000
Texas 33,000

Types of Oilseed Sunflowers
Oilseed sunflower seeds generally contain about 40% oil 
and 20% protein.  There are a few different types of oilseed 
sunflower seeds that differ based on the type of oil they 
contain.

1.  Linoleic: used to be widespread for low-saturated fat 
content (11% saturated fat).

2.  NuSun or mid-oleic: predominant oilseed sunflower 
currently grown (estimated at 85% to 90% of oilseed 
sunflower acres grown in 2007), seeds contain less saturated 
fat than linoleic types (<10% saturated fat).

3.  High oleic: low in saturated fats like NuSun, but higher 
monounsaturated fat content than NuSun (82% vs. 65%).  It 
is currently grown by contract based on consumer demand. 

In general, a gallon of oil from one oilseed crop will produce 
the same amount of biodiesel as a gallon of oil from a 
different oilseed crop.  The difference lies in the quality of 
biodiesel produced.  Oils high in unsaturated fats (NuSun 
or High-oleic) may be best for biodiesel quality because 
their chemical structures can help reduce coagulation in fuel 
lines under cold temperatures.  These sunflower oil varieties 
generally contain about 91% unsaturated fats according to 
the National Sunflower Association whereas soybean oil 
contains about 85% unsaturated fats.

Production Recommendations
It is important to take soils tests prior to planting.  University 
of Tennessee recommendations are 90 to 105 lbs N per acre 
for typical yields of 1500 lbs seed per acre.  Phosphorus and 
potassium should be applied if soil tests are below medium 
values.  Lime should be applied if pH is 6 or less.

It is recommended to plant once soil has reached 50°F.  Based 
on soil data from a National Climatic Data Center collection 
site at UT Martin, this can occur between mid-March and 
mid-April.  Seeds are generally planted at 1-2 inches depth 
and at a rate that will produce 14,000-22,000 plants per 
acre.  Row spacing can be highly variable.  At TSU we use 
a 30 inch row spacing and 10 inch within row spacing.  In 
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Fig. 1. Confectionary sunflower seeds (left) usually have a 
striped shell whereas oilseed sunflower seeds (right) usually 
have a black shell.



early development, the heads track the sun so sunflowers are 
planted in N to S rows so that the plants will lean into the 
30 inch row spaces rather than into each other which could 
cause seed loss.  

Preplant or preemergent herbicides are recommended for 
weed management as there are no herbicides registered 
for control of broadleaf weeds in sunflower (one exception 
is Clearfield® sunflowers which are resistant to imazamox 
which can be used to control these broadleaf weeds).

Grass-type weeds can be managed once sunflowers have 
germinated using herbicides containing clethodim or 
sethoxydim.  Broadleaf weeds can only be managed using 
tillage between rows up to the 4-6 leaf stage.  

Other pest problems may include fungi and insects.  
Sunflowers are drought tolerant but wet periods may cause 
fungal issues.  There are hybrids available with resistance 
to certain fungi but crop rotation can also help avoid these 
problems.  For insects, those that attack the seed  or those 
that infest the vegetation during the early formation of the 
bud (R1-R3 growth stages) are the most important to manage 
using recommended integrated pest management techniques 
because these may reduce yields.  Insects that affect the 
foliage prior to bud growth are usually not so extensive as to 
have a significant effect on yield.

Harvesting Seeds
At the Tennessee State University Agricultural Research and 
Education Center (AREC) in Nashville, NuSun and high-
oleic varieties of sunflowers bloomed about 8 to 9 weeks after 
planting (Fig. 2) and began to mature (senesce) around 10 to 
11 weeks after planting (Fig. 3).  Sunflowers are usually fully 
mature by 15 to 17 weeks after planting.

Seeds are mature when the back of the flower head is 
yellow, and when it is brown it can usually be harvested.  
Seed should have 18-20% moisture or less when harvesting 
and a conventional grain combine with a sunflower head 
attachment can be used.

Oil Yields
In a 4 year (2004-2007) field trial conducted by the University 
of Tennessee, average yields were 1296 lbs seed per acre.  
At 40% oil content this gives about 518 lbs oil per acre.  In 
comparison, a 5 year (2009-2013) field trial of soybeans also 
conducted by the University of Tennessee observed an average 
yield of 2340 lbs seed per acre.  Soybeans, however, have a 
much lower oil content (~20%), and give an overall value of 
468 lbs oil per acre.  In other words, sunflower production 
yields about 50 lbs more oil per acre than soybeans. 

References and Resources
Allen, F.L., V.R. Sykes, R.C. Williams, Jr., A.T. McClure, H. Young-
Kelly, P. Donald.  Soybean variety performance tests in Tennessee. 
Available at: http://varietytrials.tennessee.edu/soybean.htm

McClure, M.A., F.L. Allen, R.D. Johnson, and L.G. Heatherly.  2010.  
Sunflower: an alternative crop for Tennessee producers.  University 
of Tennessee Cooperative Extension Service, SP721.  Available 
at: https://utextension.tennessee.edu/publications/Documents/
SP721.pdf

National Sunflower Association.  http://www.sunflowernsa.com/

Warrick, B.E.  Sunflower Production Guide.  Texas A&M AgriLife 
Extension.  Available at: http://sanangelo.tamu.edu/extension/
agronomy/agronomy-publications/sunflower-production-guide/

http://www.extension.org/pages/29605/sunflowers-for-biofuel-
production#.UriGFbmx5dg
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Fig. 2. Sunflowers in bloom at Tennessee State University 
AREC in Nashville. 

Fig. 3. Sunflowers in the beginning stages of senescence at 
Tennessee State University AREC in Nashville. 



Canola was bred from the rapeseed plant by Canadian 
scientists to provide erucic acid and glucosinolate levels that 
were low enough to be palatable for animals and humans.  
Hence, the name canola is derived from CANadian Oil of 
Low Acid.  The oil from canola is used as a healthier cooking 
oil due to its low saturated fat content and high omega-3 fatty 
acid content (Marianchuk et al., 1995).  The oil can also be 
used by farmers to produce biodiesel for their own use.

Current production
According to the USDA National Agricultural Statistics 
Service, there were 1.7 million acres (2.9 billion pounds) of 
canola harvested in the U.S. in 2015.  U.S. canola production 
is dominated by North Dakota which currently produces 
87% of U.S. canola (Table 1).  In 2015, Tennessee planted 
over 5,600 acres of winter canola (USDA-FSA, 2016).

Table 1.  Harvested acres of canola in 2015 (USDA-NASS, 2016).
State Canola 

(harvested acres)
Idaho 27,000
Minnesota 21,500
Montana 78,000
North Dakota 1,400,000
Oklahoma 115,000
Oregon 1,800
Washington 34,000

Types of canola
There are two main types of canola; winter and spring canola.  
The majority of canola grown in the U.S. is the spring type, 
however, winter canola is best suited to states in the southern 
U.S. like Tennessee.  Spring canola is planted in spring 
and harvested in fall while winter canola is planted in late 
summer/early fall (September/October in Tennessee) and 
harvested in late spring (around June in Tennessee).  Winter 
canola can produce 20-30% greater yields than spring canola 
(Boyles et al., 2007).

Production recommendations
It is important to take soil tests prior to planting.  There are 
currently no recommended fertilizer rates for growing winter 
canola in Tennessee.  In Georgia, recommended nitrogen 
(N) rates are 135 - 180 lbs N/acre.  In Virginia, is is 100 lbs 
N/acre. The recommended N rate in Missouri is 90 - 150 
lbs N/acre.  Nitrogen should be split applied (50:50) before 
planting in fall and before  bolting in spring.  Recommended 
phosphorus and potassium applications range from 50 to 100 
lbs/acre.  Sulfur is required at 20-30 lbs/acre and boron may 
also be necessary (~1 lb/acre).  Soil pH should be maintained 
around 5.8 - 6.5 (Weber et al., 1993; Bhardwaj, 2007; Buntin 
et al., 2010).  A pre-plant herbicide, like trifluralin, can be 
incorporated in the soil prior to planting.  In cases where 
the planted seedbed needs further cleanup, paraquat or 
glyphosate, can be used prior to germination.

It is recommended to plant canola about six weeks before the 
first killing frost.  This will allow the plant to produce enough 
biomass to overwinter successfully but not too much where  
stem elongation occurs.  In Tennessee, planting usually falls 
around mid-September and mid-October.  A grain drill can 
be used to plant canola and since it is a small seed (Fig. 1) it 
requires a firm seedbed and shallow planting (1/4” depth).

  

A 6-8” row spacing can help to control weed competition 

Growing Winter Canola for Biodiesel Production
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Fig. 1. Canola seed is small and requires a firm seedbed and 
shallow planting depth. 



(Buntin et al., 2010).    Grass-type weeds can be managed 
with herbicides once canola has germinated.  Some broadleaf 
weeds can be managed using clopyralid or tillage in wide 
rows.  Broad spectrum post-emergence weed control can 
be found in Roundup Ready and CLEARFIELD herbicide 
tolerant cultivars.

The major plant diseases for canola are blackleg disease and 
Sclerotinia stem rot.  The best way to avoid blackleg disease is 
to select resistant varieties.  To avoid Sclerotinia, it is best to 
plant on well-drained soils and use crop rotation.   The major 
insect pests include aphids and the cabbage seedpod weevil.  
Both insects can be controlled using insecticides depending 
upon the number of insects present and the growth stage of 
the canola (Buntin et al., 2010).
Harvesting seed
In Tennessee, winter canola will usually begin to bloom in 
April and be ready to harvest in early June (Fig. 2).  Canola is 
planted and harvested around the same time as winter wheat 
and can therefore be part of a winter rotation. It is important 
for canola to be harvested as soon as it is ready as the seed 
pods will shatter if left in the field too long.  Seed should be 
harvested once seed moisture has reached 8-10% and green 
seeds have turned black (<2% green seeds present) (Buntin et 
al., 2010).  Canola can be harvested directly using a combine 
with the concave nearly wide open and slower cylinder/rotor 
speeds.  Chaffer and shoe sieves are usually closed more than 
for wheat.  It is also a good idea to patch any holes with duct 
tape to reduce losses in yield.

  

Grain yield and canola meal
In the 2014-2015 season, 40 winter canola varieties were 
planted on 3 different planting dates (Sept. 10, Sept. 24, Oct. 
9).  The winter canola for all 3 planting dates survived and 
yields were evaluated.  In a previous publication (Illukpitiya 
and de Koff, 2014), it was concluded that the value of canola 

meal (material remaining after oil is removed) as an animal 
feed allowed on-farm biodiesel production to be economically 
viable.  Therefore, canola meal was produced using an oilseed 
handpress and the meal protein concentrations from the 5 
highest-yielding varieties were measured (Fig. 3).    

The Exp1302, DK IMIRON CL, and Edimax CL varieties 
had the greatest grain yields and protein contents with 
values ranging from 35-37%.  Since these are used as protein 
sources in animal feed, it is assumed that winter canola meal 
with greater protein may receive greater prices.

References and resources
Boyles, M.C., T.F. Peeper, C.R. Medlin.  2007.  Winter canola 
planting guide for the southern Great Plains.  Oklahoma 
Cooperative Extension Service, PSS-2131.  

Bhardwaj, H.  2007.  Utilizing locally-produced canola to 
manufacture biodiesel.  In J. Janick and A. Whipkey (eds.) Issues in 
new crops and new uses.  ASHS Press, Alexandria, VA.  

Buntin, D., T. Grey, G.H. Harris, Jr., D. Phillips, E. Prostko, P. 
Raymer, N. Smith, P. Sumner, and J. Woodruff.  Canola production 
in Georgia.  University of Georgia Cooperative Extension, 1331.  

Illukpitiya, P., and J.P. de Koff.  2014.  Economics of small-scale 
biodiesel production.  Tennessee State University Cooperative 
Extension Service, ANR-B11.  

USDA-FSA.  2016.  Farm Service Agency.  Crop acreage data.

Marianchuk, M., P. Kolodziejczyk, and W. W. Riley, Jr.  1995.  
Fatty acid profile of canola oil vs. other oils and fats from the 
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Fig. 2. As canola matures, the moisture decreases and the 
seeds change from green to black. 

Fig. 3. Canola meal protein content for the five highest-yield-
ing varieties from the first planting date (Sept. 10). 



Renewable Energy for America Program 
(REAP)

REAP helps finance the purchase of renewable energy 
systems or to make energy-efficiency improvements on 
already existing buildings/systems.  These systems  will 
require a business level feasibility study as part of the 
application if the requested amount is over $200,000.  If 
a feasibility study is needed, the cost for this can also be 
included in the overall project costs in the same grant 
application.

What can it be used for?

The REAP funds can be used for the purchase and 
installation of renewable energy systems such as 
biomass, hydroelectric, anaerobic digesters, geothermal, 
hydrogen, wind and solar.  Energy systems involving 
biomass include any that produce fuel like biodiesel, 
thermal energy or electricity from biomass.

Who is eligible?

Eligible applicants are agricultural producers and small 
businesses located in rural areas.  Urban agricultural 
producers may also be eligible.  Agricultural producers 
must derive at least 51% percent of their gross annual 
income from agricultural operations.

Any area except cities with populations over 50,000 or 
the adjacent urbanized area is eligible. 

How much is available?

Renewable energy system grants:  $2,500 to $500,000                            
Eligible for up to 25% of project costs.
Energy efficiency improvement grants: $1,500 to 
$250,000  
Eligible for up to 25% of project costs.

Loan guarantees: $5,000 to $25 million

Example of award recipient

A company, greenGALLON solutionsTM, Cookeville, 
TN., used a $462,500 grant to purchase biorefinery  
equipment to increase biodiesel capacity in 2008.  The 
company’s strategy is to create a strategic network of its 
green MICROTM refineries to meet the growing demand 
for alternative fuels.

Federal Assistance Programs for Biodiesel Production
Alvin Wade, Associate Professor, Jason P. de Koff, Assistant Professor, Tennessee State University
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Oilseed press required for crushing oilseeds and releasing oil 
that  is later converted to biodiesel using a biodiesel processor 
(below).  This particular piece of equipment was purchased by 
TSU for about $8,200.

Biodiesel processor required for converting virgin or waste 
vegetable oil to biodiesel.  This particular piece of equipment 
was purchased by TSU for about $3,100.



For more information:

www.rurdev.usda.gov/TN-Energy.html

or contact your Tennessee Rural Development Energy 
Programs Coordinator:

Pamela Crozier
(615) 783-1367
pamela.crozier@tn.usda.gov

Value-Added Producer Grant (VAPG)
Program 

The objective of the program is to help agricultural 
producers enter into value-added activities related to 
the processing and/or marketing of bio-based value-
added products like biodiesel.  This type of grant is 
more for those that wish to sell their biodiesel product.

What can it be used for?

Eligible grant funds can be used for planning purposes 
or as working capital for value added projects, new or 
existing, which will increase revenue to the producer. 
Planning purposes can include feasibility studies or 
business plans.

Who is eligible?

Applicants are independent producers, farmer or rancher 
cooperatives, and majority-controlled producer-based 
business ventures.  To be eligible, the applicant must 
produce 50% or greater of the raw commodity that will 
be used in this value-added product.

Eligible areas have no population restriction.

How much is available?

Maximum Grant Amount: $75,000 for planning grants; 
$200,000 for working capital grants. 

Eligible for up to 50% of project costs.

Example of award recipient

The Fullen Brothers Farm, Ripley, TN., was awarded a 

$95,000 planning grant (at that time planning grants 
could be awarded for more than $75,000) in 2012 
to identify the potential uses of an alternative crop 
crushing facility.  The study is being conducted with the 
assistance of BioDimensions Renewable Oils, Inc. and 
is looking at specific types of oilseeds, their individual 
qualities and subsequent production as well as crop 
planning and rotation.  

For more information: 

www.rurdev.usda.gov/BCP_VAPG.html

or contact your Tennessee Rural Development Energy 
Programs Coordinator:

Pamela Crozier
(615) 783-1367
pamela.crozier@tn.usda.gov

Dean - Dr. Chandra Reddy, Associate Dean for Extension - Dr. Latif Lighari
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The VAPG program can be used by those that wish to sell the 
biodiesel they produce.

Support for this publication was provided by the USDA National 
Institute of Food and Agriculture through a Capacity Building Grant.



The feasibility of farm-scale biodiesel production from 
oilseed crops has been investigated for oilseed-producing 
regions (for instance, see Kenkel & Holcomb, 2008), 
and processing oilseeds into biodiesel is an emerging 
area. According to University of Vermont Extension 
(UVM), production of oilseed crops is rare and small-
scale oilseed and on-farm biodiesel production remain 
largely unproven concepts. Farmers generally perceive 
that they have neither the necessary equipment nor 
experience to raise these crops. However, if farmers 
could grow and harvest oilseed crops, press the seeds 
into vegetable oil and oilseed meal, and process the oil 
into biodiesel, they could independently produce both 
liquid biofuel and livestock feed. Early experience with 
pressing oilseeds into vegetable oil and meal has shown 
that on-farm oil and meal production is technically 
feasible (Stebbins-Wheelock et al., 2012).

Production cost and returns are key concerns when 
deciding to invest in on-farm biodiesel production. 
Understanding the key economic issues relating to 
biodiesel production can help potential biodiesel 
producers make more informed decisions (eXtension, 
2012). The cost of biodiesel extraction includes capital 
costs and variable costs. Capital cost includes the initial 
investment for equipment and variable costs include 
chemical, labor, fuel, electricity and annual repair costs.

Equipment
For on-farm biodiesel production, farmers need to 
purchase a new or used oilseed expeller press. The 
expeller uses a motor-driven screw to push the oil-
containing seeds against a small outlet under significant 
pressure to extract the oil. According to UVM, expelling 
is a continuous method and can reduce meal fat content 
to 6%–7% and capture 50%–85% of the available oil. To 
press well, the seed must be clean and have a moisture 

content of 6% to 9%. If the seed is wet, it does not flow 
through the nozzle well, and if it is too dry, the press 
grinds the seed to dust. A biodiesel processor converts 
the oil to biodiesel using chemicals and the cost of a 
biodiesel processor varies depending on its size. The 
cost of an 80 gallon processor varies between $4,000 – 
$5,000 and an oil press unit is around $8,000 with an 
additional $2,100 for installation. The equipment cost 
for a methanol recovery system at current market price 
is $3,495.  Assuming a 10-year loan period under full 
financing with initial investment cost of $18,835, the 
estimated annual interest payment at the interest rate 
of 4.5% (FBU, 2014) is about $848.  The depreciation 
cost per gallon of biodiesel depends on the annual 
production of biodiesel. For example, depreciation 
costs per gallon of biodiesel with annual production of 
1000, 1500 and 2000 gallons in the unit described above 
are $1.88, $1.26 and $0.94, respectively.

Processing Cost
The biodiesel production process requires an alcohol 
like methanol for the transesterification process (for 
more information on the transesterification process see 
de Koff 2013; 2014). About 8 gallons of methanol are 
needed for a 40 gallon batch of biodiesel. If methanol 
costs $1.80 per gallon, then each gallon of biodiesel 
requires $0.36 of methanol. 

Potassium hydroxide is one of the common catalysts 
required to facilitate the reaction between the oil and 
alcohol to create biodiesel. About 4 pounds of potassium 
hydroxide is required for a 40 gallon batch of biodiesel. 
Given that the market price for 45 pounds of potassium 
hydroxide is around $107, it makes up about $0.24 of 
the cost for every gallon of biodiesel. 

The estimated electricity cost is $0.77 per gallon of 
biodiesel.

Economics of Small-Scale Biodiesel Production
Prabodh Illukpitiya, Assistant Professor, Jason P. de Koff, Assistant Professor, Tennessee State University
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Based on the annual total production of biodiesel in the 
system, total processing costs could vary from $2.79 to 
$4.23 per gallon of biodiesel (Fig. 1). 

Note, these costs exclude the feedstock cost.  Below, 
we use canola as an example feedstock for determining 
cost and revenue. In Figure 1, the labor costs were 
also excluded since economists often treat labor costs 
differently and some small-scale producers consider 
their biodiesel production as a hobby and do not place a 
value on their time involved (eXtension, 2012).

Canola Feedstock Cost
Average variable production cost of canola is about 
$160 per acre excluding capital costs. The capital cost of 
the farm equipment involved is excluded since winter 
canola production is considered as an extra source of 
income. Since the oilseed expeller can be run at different 
speeds (low, medium and high), the overall biodiesel 
yields and costs will differ based on these rates and could 
vary from $2.15-$2.73 per gallon. With this feedstock 
cost, total production costs (feedstock + processing) of 
a gallon of biodiesel could range from $5.53-$6.38. 

Revenue
In addition to the biodiesel produced, the seed meal 
produced by oilseed pressing is also of value.  The seed 
meal can be sold or used as an alternative animal feed.  
As mentioned previously, the seed press can operate at 
different speeds so the yield of oil (which is converted to 
biodiesel) as well as the seed meal could vary according to 
the selected operating speed. The following estimations 

of biodiesel (Table 1) and seed meal (Table 2) yield and 
revenue are based on a per acre basis.

Table 1.  Estimated revenue generated from biodiesel 
production on a per acre basis.

Operating 
speed

Total oil 
Yield 

(lbs/acre)a

Biodiesel Yield
(gallons/acre)b

Biodiesel 
Revenue
 ($/acre)c

Low 572 74 $283
Medium 464 60 $230
High 451 59 $223

aOil yield is based on two year average (2011 & 2012) winter canola seed yield 
from national winter canola trials in Tennessee. Accordingly, per acre seed yield 
was taken as 2,100 lbs.
bThe efficiency of oil extraction in the small processing unit ranged between 0.54-
0.69 so biodiesel yield from an acre of canola is lower than theoretically expected.
c Biodiesel price was based on US Department of Energy alternative fuel price for 
the Mid-West region in October 2013.

Table 2.  Estimated revenue generated from seed meal 
production (per acre or per gallon of biodiesel).

Operating 
speed

Total Meal 
Yield

(lbs/acre)a

Meal 
Revenue 
($/acre)b

Seed Meal 
Value

($/gallon)
Low 1518 $161 $2.17
Medium 1639 $183 $3.03
High 1653 $184 $3.14

a Higher operating speed produces comparatively higher meal yield due to the 
greater amounts of unextracted oil which would affect seed meal quality.

b Canola seed meal price was based on historical price data from USDA-NARS 
and estimated price based on average price from 2009-2012 which was $297 per 
ton. Since the price of seed meal would depend on its quality, it was assumed to be 
$223 per ton.

The lower operating speed is more efficient at extracting 
oil but does take longer.  The lower speed, however, 
will produce a higher quality meal due to its lower fat 
content, increasing the meal value.  [Though this was 
not taken into account in Table 2, since actual feed 
values were unavailable, it is important to keep in 
mind.]  When both biodiesel and meal are taken into 
account, the total revenue is $407-$444 per acre.  

As mentioned previously, the cost to produce biodiesel 
is $5.53-$6.38 per gallon. This is higher than the current 
price of regular diesel.  If one takes into account the 
value of the seed meal produced ($3.03 per gallon), the 
cost to generate biodiesel becomes much lower, about 
$2.50-$3.35 per gallon.

Farmers also have various options regarding ownership 
of the equipment involved in this process. Production 
costs and returns were evaluated under several different 
ownership scenarios namely individual, subsidized and 
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Figure 1.  Estimated processing costs per gallon of biodiesel. 
Note, these costs exclude feedstock and labor costs.



shared ownership (Table 3).

Table 3. Profitability of biodiesel production under various 
ownership scenarios. 

Ownership

Total 
Processing 

Costs
($/gallon)

Total 
Production 

Costs 
($/gallon)a

Total 
Production 
Costs with 
Meal Value 
($/gallon)b

Individual $3.27 $5.92 $2.89
Subsidized 
(25%) $2.82 $5.47 $2.44

5 farmers $1.79 $4.44 $1.41
10 farmers $1.64 $4.29 $1.26

Note: The above estimation is based on the biodiesel production under medium 
processor speed with annual production of 1,500 gallons, feedstock cost of $2.65/
gallon biodiesel produced, seed meal value of $3.03/gallon biodiesel produced.
a Total production cost includes processing cost plus feedstock cost.
b Total production cost per gallon of biodiesel = Total production costs/gallon – 
value of seed meal in terms of gallon of biodiesel produced.

The type of ownership mainly affects the capital costs 
of producing biodiesel. Capital costs per gallon of 
biodiesel can be considerably reduced under shared 
ownership or through federal assistance programs (i.e. 
subsidized 25%).  Therefore, farmers could receive even 
higher net profits per gallon of biodiesel.  Also, if seed 
meal is priced between $0.16 - $0.20/lb ($315 - $436/
ton) the production costs could be totally recovered 
from selling the meal.
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 Rural Energy for America Program  
Renewable Energy & Energy Efficiency

What does this program do?
Provides guaranteed loan financing and grant funding to agricultural producers and rural small businesses to purchase or install 
renewable energy systems or make energy efficiency improvements.

Who may apply?
• Agricultural producers with at least 50% of gross income coming from agricultural operations, and
• Small businesses in eligible rural areas.

NOTE: Agricultural producers and small businesses must have no outstanding delinquent federal taxes, debt, judgment or debarment.

What is an eligible area?
• Businesses must be in an area other than a city or town 

with a population of greater than 50,000 inhabitants and 
the urbanized area of that city or town. Check eligible 
business addresses.

• Agricultural producers may be in rural or non-rural areas.

How may the funds be used?
Funds may be used for the purchase, installation and 
construction of renewable energy systems, such as:

• Biomass (for example: biodiesel and ethanol, anaerobic 
digesters, and solid fuels).

• Geothermal for electric generation or direct use.

• Hydropower below 30 megawatts.

• Hydrogen.

• Small and large wind generation.

• Small and large solar generation.

• Ocean (tidal, current, thermal) generation.

Funds may also be used for the purchase, installation  
and construction of energy efficiency improvements,  
such as:

• High efficiency heating, ventilation and air  
conditioning systems (HVAC).

• Insulation.

• Lighting.

• Cooling or refrigeration units.

• Doors and windows.

• Electric, solar or gravity pumps for sprinkler pivots.

• Switching from a diesel to electric irrigation motor.

• Replacement of energy-inefficient equipment.

What funding is available?
• Loan guarantees on loans up to 75% of total eligible 

project costs.

• Grants for up to 25% of total eligible project costs.

• Combined grant and loan guarantee funding up to 75% 
of total eligible project costs.

What are the loan guarantee terms?
• $5,000 minimum loan amount.

• $25 million maximum loan amount.

• Up to 85% loan guarantee.

• Rates and terms negotiated with the lender and subject 
to USDA approval.

• Maximum term of 30 years for real estate.

• Maximum term of 15 years, or useful life, for machinery 
and equipment.

• Maximum term of 7 years for capital loans.

• Maximum term of 30 years for combined real estate  
and equipment loans.

http://eligibility.sc.egov.usda.gov/eligibility/welcomeAction.do?pageAction=RBSmenu&NavKey=property@13
http://eligibility.sc.egov.usda.gov/eligibility/welcomeAction.do?pageAction=RBSmenu&NavKey=property@13
http://eligibility.sc.egov.usda.gov/eligibility/welcomeAction.do?pageAction=RBSmenu&NavKey=property@13


Add contact information

Rural Energy for America Program 
Renewable Energy & Energy Efficiency

NOTE: Because citations and other information may be subject to change please always consult the 
program instructions listed in the section above titled “What Law Governs this Program?” You may 
also contact your local office for assistance. You will find additional forms, resources, and program 
information at www.rd.usda.gov. USDA is an equal opportunity provider, employer, and lender.

Last Updated March 2015

What are the grant terms?
Renewable Energy System Grants:

• $2,500 minimum.

• $500,000 maximum.

Energy Efficiency Grants:

• $1,500 minimum.

• $250,000 maximum.

Are there additional requirements?
• Applicants must provide at least 75% of the project cost  

if applying for a grant only.

• Applicants must provide at least 25% of the project cost  
if applying for loan, or loan and grant combination.

• Projects greater than $200,000 require a technical report.

• Energy efficiency projects require an energy audit or 
assessment.

How do we get started?
Applications for this program are accepted year round  
at your local office.

Who can answer questions?
Contact your State Rural Development  
Energy Coordinator.

What governs this program?
• Basic Program – 7 CFR 4280, Subpart B

• This program is authorized by Title IX of the  
Agricultural Act of 2014, (2014 Farm Bill)

Why does USDA Rural Development  
do this?
This program helps increase American energy 
independence by increasing the private sector supply of 
renewable energy and decreasing the demand for energy 
through energy efficiency improvements. Over time, these 
investments can also help lower the cost of energy costs for 
small businesses and agricultural producers.

http://www.rd.usda.gov/contact-us/state-offices
http://www.rd.usda.gov/programs-services/delta-health-care-services-grants
http://www.rd.usda.gov/contact-us/state-offices
http://www.rd.usda.gov/files/RBS_StateEnergyCoordinators.pdf
http://www.rd.usda.gov/files/RBS_StateEnergyCoordinators.pdf
http://www.ecfr.gov/cgi-bin/text-idx?SID=014ef55fe5d290dcae989084e7ecb902&node=pt7.15.4280&rgn=div5#sp7.15.4280.b
https://www.gpo.gov/fdsys/pkg/BILLS-113hr2642enr/pdf/BILLS-113hr2642enr.pdf


According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a valid OMB control 
number. The  valid OMB  control number  for  this  information  collection  is 0570‐0067. The  time  required  to  complete  this  information  collection  is estimated  to average 21.1 hour per  response, 
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, gender, religion, age, disability, political beliefs, sexual 
orientation, and marital or family status. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program information (Braille, 
large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720‐2600 (voice and TDD). To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326‐W, 
Whitten Building, 1400 Independence Avenue, SW, Washington, D.C. 20250‐9410 or call (202) 720‐5964 (voice or TDD). USDA is an equal opportunity provider and employer.

Form RD 4280-3A 

(02/15) 

Form Approved 

OMB No. 0570-0067 

U.S. DEPARTMENT OF AGRICULTURE 

Rural Development – Rural Business-Cooperative Service 

RURAL ENERGY FOR AMERICA PROGRAM

APPLICATION FOR RENEWABLE ENERGY SYSTEMS AND ENERGY EFFICIENCY IMPROVEMENT PROJECTS 

TOTAL PROJECT COSTS OF $80,000 OR LESS 

NOTE: The following statement is made in accordance with the Privacy Act of 1974 (5 USC 552a) and the Paperwork Act of 1995, as amended.  The authority for requesting the 
following information is Section 9001 of the Agricultural Act of 2014 (Public Law 113-79).  This information may be provided to other agencies, Internal Revenue Service, 
Department of Justice, or other State and Federal law enforcement agencies, and in response to a court magistrate or administrative tribunal.  The provisions of criminal 
and civil fraud statutes, including 18 USC 286, 287, 371, 641, 1001; 1014, 15 USC 714m; and 31 USC 3729, may be applicable to the information provided. 

SUBMIT THIS COMPLETED FORM TO THE USDA RURAL DEVELOPMENT OFFICE IN THE STATE IN WHICH THE PROJECT IS LOCATED.  

Attached to this form are detailed instructions, the Forms Manual Insert (FMI), for each section.  Please refer to the FMI 
when completing this form for guidance.  Use attachments as necessary.

I. A.  Applicant Legal Name (Block 8a of SF 424):  

**  The purpose of these questions is to gather race, 
ethnicity, and gender information about persons who 
apply and participate in this USDA program.  The 
information provided will not be used when reviewing 
the application or when determining eligibility to 
participate in this program.  The answers provided are 
voluntary and are not required to be considered a 
complete application.  The information provided will 
be used to improve the operation of this program, to 
help USDA design additional opportunities for 
program participation, and to monitor enforcement of 
laws that require equal access to this program for 
eligible persons.  For entities, check all that apply.  
The information will be kept private to the extent 
permitted by law.  

**I. B.  What is Applicant’s race (check all that 
apply)? 

American Indian or Alaska Native  

Asian 

Black or African American  

              Native Hawaiian or 
Other Pacific Islander  

White

**I. C.  What is Applicant’s 
Gender? 

Male      

Female  

**I. D.  What is Applicant’s 
Ethnicity? 

Hispanic or Latino        

Not Hispanic or Latino  

II. Project Title (Block 15 of SF 424):

III. System for Awards Management (SAM) Commercial and Government Entity (CAGE) (N/A Loan Only)
Code:           Expiration Date:

IV. Type of Applicant (check one):          Rural Small Business    (Complete part A of this Block)  

  Agricultural Producer    (Complete part B of this Block) 

Rural Small Business or Ag Production Operation Description: 

A. Rural Small Businesses: 

1. Provide Annual Receipts for business from 3 most recent tax years: (Attach documentation, such
as tax returns). 

Annual Receipts:  20   $      20    $         20    $ 

2. Is the business a franchise?  Yes            No 

3. Does the business have any affiliates?  Yes           No 

If yes, list name(s) of affiliated businesses and describe the affiliation:   

Annual Average 

$      
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4. Provide the average number of employees for the business over the last 12 months (Attach

documentation):

5. (a)  Provide primary North American Industry Classification System (NAICS) code:

NAICS Code:          Corresponding NAICS size limitation:   

 OR  If using alternative size standard: 

(b)  The maximum tangible net worth of the Applicant and its Affiliates is not more 
 than $15,000,000   Yes    No  and 

 Average net income (after federal income taxes) for the preceeding two years, is not in excess of $5,000,000 
  Yes    No  

Attach Documentation:  20   $        20    $     Average: $ 

B. Agricultural Producers, provide agricultural income data from 3 most recent tax years: 

1. Income directly related to agricultural products:   20   $   20    $        20    $     

2. Total Income: 20   $   20    $     20    $ 
(Includes W-2, Schedule C, & Non-ag income)

3. Percent Agricultural Income  (Line 1 ÷ Line 2):

4. NAICS Code:

Annual Average

$     
$     

     %

V.     Technical Report - Type of Project (check one):  (See FMI for descriptions.)  

Renewable Energy System  (Complete Block VI) which is either an Energy Generation System   or Energy Replacement 
System   OR     

Energy Efficiency  Improvement  (Complete Block VII):    

A. Project Description.  Provide a detailed description of the technology and project:      

B. Location and description of the project site:  

C. Commercially Available.  A system that meets the requirements of either C or D:  (D is for Renewable Energy Systems only.)  
(The Agency reserves the right to request additional information to substantiate statements.) 

Proposed domestic or foreign system.   

1. Has, for at least 1 year, both a proven and reliable operating history and proven performance data:  Yes   No  

2. Is based on established design and installation procedures and practices and is replicable:   Yes    No  

3. Has professional service providers, trades, large construction equipment providers, and labor who are familiar with

installation procedures and practices:    Yes    No

4. Has proprietary and balance of system equipment that are readily available and available spare parts:

  Yes    No  

5. Has services that  are  readily available to properly maintain and operate the system;   Yes    No  

6. Has an existing established warranty that is valid in the United States for major parts or labor:   Yes    No  

OR 

D. A domestic or foreign Renewable Energy System that has been certified by a recognized industry organization whose 
certification standards are acceptable to the Rural Business-Cooperative Service.    Yes    No  

(Name of recognized industry organization):     
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E. Project Economic Assessment: 

1. Project Cost Breakdown:

        Construction Item:  (list itemized costs or attach bids): Cost 

$     

$     

$     

$     

$     

a. Total Project Costs:
(Total Project Costs should be the same as in Form SF-424C, “Budget Information-
Construction Programs.”)

$     

b. Eligible Project Costs:  (See FMI to determine eligible project costs.) $ 

2. Estimated Project Energy Generation or Savings:

a. For Renewable Energy Systems:

i. Annual amount of renewable energy to be generated and unit of energy:
kWh  or BTU 

ii. If applicable, historical annual average energy used and unit of measure:

The Agency may request additional information to substantiate the above
numbers.

kWh  or BTU 

iii. Annual percentage of energy being replaced:

If the above number exceeds 100 percent and the system is connected to the
grid, the amount of energy above 100 percent will be used in 4c. below.  If the
amount of energy exceeds 150 percent and the system is connected to the grid,
the entire amount of energy generated will be entered in 4c below.

(i ÷ ii x 100) = 

% 

b. For Energy Efficiency Improvement projects:

(Complete Block VII first with data from the Energy Audit or Energy Assessment.)

Annual amount of energy to be saved and unit of measure:

kWh  or BTU 

3. Cost of Energy:

a. Price per unit of energy paid in prior year:

(This is the retail cost of energy for Renewable Energy System replacement
projects and Energy Efficiency Improvement projects.)

$     

b. Price per energy unit to be sold to the grid:

(This is the price the utility will pay for energy put onto the grid.)

$     

4. Energy Value:  (See FMI for guidance.)

a. Value of energy to be replaced via renewable system (if applicable):  (2.a. x 3.a.): $ 

b. Value of energy to be saved via efficiency improvement (if applicable):  (2.b. x 3.a.): $ 

c. Value of energy to be generated and sold to the grid (if applicable):  (2.a. x 3.b.): $ 

d. Total value of energy replaced/saved/generated:  4a. + 4b. + 4c. = 4d: $ 

Energy Efficiency Improvement projects can proceed to Number 9.   
Renewable Energy System projects continue to next table. 
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       (Do NOT include renewable energy credits, Government or utility incentives, or other incentives.) 

Source: Price/Unit: Total:

$     $     

$     $     

Total other annual revenue:         $     

6. Annual Revenue:  (4.d. + 5): $ 

7. Annual Operating and Maintenance Costs: $     

8. Earnings before Interest, Taxes, Depreciation, and Amortization (EBITDA):  (6-7): $     

9. Estimate Simple Payback:

a. Energy replacement and Energy Efficiency Improvement projects:  (1. b. ÷ 4.d.): $  ÷  $  =  

      years 

b. Energy generation projects:  (1. b. ÷ 8): $      ÷  $      = 

      years 

F. Qualifications of Service Providers (Include information personnel  and companies that will be working to construct and 
install the project, such as:  Energy Auditor, site assessor, contractor, installer, electrician,  etc.)  

Project Role: 

Company Name: 

Name: Title: 
Address:  

City/State/Zip Code: Phone: 
Qualifications (Either attach a resume or complete below): 
Number performed on a similar system as proposed: 

Years of Relevant experience: 

Professional credentials (include training and/or 
education related to work, certificates, etc.): 

Licenses: 

Project Role: 

Company Name: 

Name: Title: 
Address:  

City/State/Zip Code: Phone: 
Qualifications (Either attach a resume or complete below): 
Number performed on a similar system as proposed: 

Years of Relevant experience: 

Professional credentials (include training and/or 
education related to work, certificates, etc.): 

Licenses: 

5.   Other annual revenue:  (List below, i.e. sale of byproducts) 
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Project Role: 

Company Name: 

Name: Title: 
Address:  

City/State/Zip Code: Phone: 
Qualifications (Either attach a resume or complete below): 
Number performed on a similar system as proposed: 

Years of Relevant experience: 

Professional credentials (include training and/or 
education related to work, certificates, etc.): 

Licenses: 

Project Role: 

Company Name: 

Name: Title: 
Address:  

City/State/Zip Code: Phone: 
Qualifications (Either attach a resume or complete below): 
Number performed on a similar system as proposed: 

Years of Relevant experience: 

Professional credentials (include training and/or 
education related to work, certificates, etc.): 

Licenses: 

VI. Renewable Energy System Projects - Technical Requirements:  (For Energy Efficiency Improvement Projects Complete Block
VII.)  *If Hybrid project, submit specific technical information for each technology.

A. Project Information:  

1. Will project be interconnected with electric utility grid?  Yes   No  If yes, name of utility:   

2. Will the proposed system be connected to a meter that is also connected to a residence?  Yes   No 

a. If yes, will 51 percent or more of the energy to be generated from the proposed system be used by the business
operation of the Rural Small Business or the Agricultural Producer?  Yes   No    

Amount of energy and unit of measure to be used by the business operation in a typical year? 

      kWh  or BTU 

b. If the answer to question 2a. is no, the Applicant certifies that any excess power generated by the
Renewable Energy System will be sold to the grid and will not be used by the Applicant for residential  
purposes.   Yes   No     

c. If the answer to question 2b, is no, installation of a second meter (or similar device) that results in all of the energy
generated being used for non-residential energy usage or sold to the grid will be required. 

B. Renewable Resource Potential:  (Additional information may be requested by the Agency to determine resource feasibility.) 

1. Check which type of Renewable Energy System is being proposed.  Ensure multiple types are checked for hybrid
applications:

Wind   Solar   Bioenergy   Geothermal Electric Generation   Geothermal Direct Generation

Anaerobic Digester   Hydrogen   Hydroelectric/Ocean Energy Projects

2. An Agency approved Renewable Energy Site Assessment may be used to provide the Project Description, Resource
Assessment, and Project Economic Assessment.  In such instances, the technical report would consist of Section D and
the Renewable Energy Site Assessment.  If a renewable energy site assessment is provided, sections 3 and 4 do not
need to be completed.  If the site assessment does not include all this information, complete the portion of this form with
the narratives below to supplement the assessment.
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Agency-approved Site Assessment Completed:  Yes  No 

Site Assessor Name: 

Site Assessor Qualifications: 

3. Provide adequate and appropriate data to demonstrate the amount of renewable resource available.  For hybrid projects
each technology being proposed must be address.  Describe the quality, availability, and seasonality (if applicable) of the
renewable energy resource:

4. Basis of determination:

There are several methods to determine resource potential on the site, describe below as applicable and attach as
necessary:

Online Estimating Tool:  Yes; List name of Tool:   
 No       

Resource References 
(Wind Roses, Thematic 
Maps, etc.): 

 Yes; List Resource Reference:  

 No      

Site-Specific Evaluation 
Devices or Site Surveys:  

 Yes; List device:  
 No    

Photographs of Site:   Yes; Attached to application.  
 No     

Other: Attach documentation if applicable.  

VII. Energy Efficiency Improvement Projects - Technical Requirements:  (If project is a Renewable Energy System, go to Block
VIII.)  

A. Existing usage as per Energy Assessment or Energy Audit: 

Energy Used (converting to BTU) Cost
Electricity (kWh)    

Propane/LP (gal) 

Natural Gas (therm) 

Diesel (gal) 

Other 

Total BTU Existing:         

         $ 
         $ 

         $ 

         $ 

$     

Total Existing Energy Cost:  $ 

B. Proposed (estimated) usage following completion of the project as per Energy Assessment or Energy Audit: 

Energy Used (converting to BTU) Cost
Electricity (kWh) 

Propane/LP (gal) 

Natural Gas (therm) 

Diesel (gal) 

Other 

Total BTU Proposed:          

         $     

         $ 

         $ 

         $ 

$     

Total Proposed Energy Cost:  $ 

Percent Energy Savings:  (Total BTU Existing – Total BTU Proposed  ) ÷ Total BTU Existing:       =     % 

Dollar Savings:  Total Existing Energy Cost  $ – Total Proposed Energy Cost: $   = $  Dollars Saved 

x 3,412 btu/kWh=        

x 91,502 btu/gal=        

x 100,000 btu/therm=       

x 139,000 btu/gal=      
x =

x 3,412 btu/kWh=        

x 91,502 btu/gal=        

x 100,000  btu/therm=       

x 139,000  btu/gal=      

x =
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VIII. Describe how the proposed project will have a positive effect on:

A. Resource Conservation (e.g. water, soil, forest): 

Will the project save or replace fossil fuel consumption from finite resources?   Yes   No  

Will the project reduce water consumption?   Yes   No   

List additional resource conservation measures if applicable:     

B. Public Health (e.g. potable water, improve air quality):  

Will the project decrease or replace fossil fuel consumption decreasing emissions leading to better 
air quality?   Yes   No   

List additional public health measures if applicable:   

C. Environment (e.g. compliance with the U.S. Environmental Protection Agency (EPA) Renewable Fuel Standard (RFS), 
greenhouse gases, emissions, particulate matter):  

Will the project save or replace fossil fuel consumption reducing greenhouse gas emissions creating a  
healthier environment?   Yes   No   

List additional environmental measures if applicable:   

IX. Commitment of Funds:  Documentation is required to be attached for points under the commitment of funds scoring criteria.

Source: Amount:$     Attached: 

Source: Amount:$     Attached: 

Source: Amount:$     Attached: 

Source: Amount:$     Attached: 

X:    Relationship: 

This is to certify that I, as the Applicant, have  a known or  no known relationship or association with a Rural Development 
employee. 

If there is a known relationship, please indicate the name of the Rural Development employee:   

XI. Previous Funding:

I, the Applicant, have  or  have not, received any grants and/or guaranteed loans under the REAP program.

If grants or guaranteed loans have been received, identify each grant and/or guaranteed loan and describe the progress that has
made on each project, including projected schedules and actual completions dates, if applicable:

XII. Good Standing:

I, the Applicant, being a legal entity, am  or am not  in good standing and operating in accordance with the laws of the State(s)
or Tribe where I, the Applicant, have a place of business.

 Not applicable, I am applying as a sole proprietor. 
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XIII. Certifications:

The Applicant certifies to each of the following:  (Check all that are applicable.)

  A.  The Applicant meets each of the Applicant eligibility criteria found in RD Instruction 4280.112. 

  B.  The proposed project meets each of the project eligibility requirements found in RD Instruction 4280.113(a), (b), (d), and (e). 

  C.  Per RD Instruction 4280.113(f), the Applicant acknowledges caution against taking any actions or incurring any obligations 
prior to the Agency’s environmental review that limits the range of alternatives or has an adverse effect on the environment, 
such initiation of construction.  If taken, it could result in project ineligibility.  

  D.  The Applicant meets the criteria for submitting an application for projects with Total Project Costs of $80,000 or less.   

  E.  The Applicant or the Applicant’s prime contractor assumes all risk and responsibilities of project development, including 
interim financing, including during construction.  The Applicant is solely responsible for the execution of all contracts. 

  F.  Construction planning and performing development will be performed in compliance with RD Instruction 4280.119(c).  

  G.  The Applicant agrees not to request reimbursement from funds obligated under this program until after the project has been 
completed and is operating in accordance with the information provided in the application for the project.  

  H.  The Applicant will maintain insurance coverage as required under RD Instruction 4280.122(b). 

  I.   The design, engineering, testing, and monitoring will be sufficient to demonstrate that the proposed project will meet its 
intended purpose.   

  J.  The equipment required for the project is available, can be procured and delivered within the proposed project development 
schedule, and will be installed in conformance with manufacturer’s specifications and design requirements.  This would not 
be applicable when equipment is not part of the project. 

  K.  The project will be constructed in accordance with applicable laws, regulations, agreements, permits, codes, and standards. 

  L.  The Applicant will abide by the open and free competition requirements in compliance with RD Instruction 4280.124(a)(1). 

  M.  For bioenergy projects, that any and all woody biomass feedstock from National Forest System land or public lands cannot 
be used as a higher value wood-based product.  (Check if applicable.) 

  N.  The Applicant will abide by the equal employment opportunity requirements in compliance with RD Instruction 
4280.124(a)(2). 

  O.  The Applicant certifies that any excess power generated by the Renewable Energy System will be sold to the grid and will 
not be used by the Applicant for residential purposes.  (Check if applicable.) 

XIV. Attach the following if not already submitted:

  Form SF 424. 

  Form SF-424C, “Budget Information-Construction Programs”. 

  Form SF-424D, “Assurances-Construction Programs”. 

  Form RD 1940-20 with documentation. 

  Energy Audit or Energy Assessment.   

  Matching funds documentation. 

  Other.  Describe:     

XV. Certification of Documentation and Acceptance:

CERTIFICATION AND ACCEPTANCE

I certify that, to the best of my knowledge and belief, the information included with this Application, including all
attachments, are true and correct, and that I certify to each of the conditions specified in Section X-XIII of this application.

AGRICULTURAL PRODUCER \ RURAL SMALL BUSINESS

____________________________________________________________
        Signature   (AGRICULTURAL PRODUCER \ RURAL SMALL BUSINESS NAME) 

By: (Officer, Member, Partner, Proprietor) 

Title:

Date:
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INSTRUCTIONS FOR FORM RD 4280-3A 

The following information is based on the programmatic requirements for the Rural Energy for America Program (REAP) found in RD 
Instruction 4280 part B.  If there are differences between the information found in this form and RD Instruction 4280 part B, RD Instruction 
4280 part B will take precedence. 

Block I. A. Self Explanatory. 

Block I The purpose of these questions are to gather race, ethnicity, and gender information about persons who apply and  
B, C, and D. participate in this USDA program.  The information provided will not be used when reviewing the application or 

determining eligibility to participate in this program.  The answers provided are voluntary and are not required to be 
considered a complete application.  The information provided will be used to improve the operation of this program, 
to help USDA design additional opportunities for program participation, and to monitor enforcement of laws that 
require equal access to this program for eligible persons.  For entities, check all that apply.  Information will be kept 
private to the extent permitted by law.   

Block II. Self-Explanatory. 

Block III. Each Applicant must have a Dun and Bradstreet Data Universal Number System (DUNS) number corresponding to 
their tax identification/social security number as provided on the SF424 form.  Except for loan only requests, the 
DUNS number must be registered in the System for Award Management (SAM) (www.sam.gov).  Upon successful 
registration, a Commercial and Government Entity (CAGE) code is assigned.  Enter the assigned CAGE code and 
expiration date.  

Block IV. Eligible Applicants must be either an Agricultural Producer or a Rural Small Business.  Indicate under which category 
the applicant is applying.  (An Agricultural Producer may apply as a Rural Small Business if they meet the size and 
Rural Area requirements identified below.)   

Provide a description of the operation.  This will assist the Agency in evaluating Applicant eligibility and identifying 
the appropriate North American Industry Classification System (NAICS) code, if unknown by the Applicant 

The following definitions will assist in completing this Block. 

Agricultural Producer.  An individual or entity directly engaged in the production of agricultural products, including 
crops (including farming); livestock (including ranching); forestry products; hydroponics; nursery stock; or 
aquaculture, whereby 50 percent or greater of their gross income is derived from those products. 

Rural Small Business.  A Small Business that is located in a Rural Area or that can demonstrate the proposed project 
for which assistance is being applied for under this subpart is located in a Rural Area. 

Small Business.  An entity or utility, as applicable, that meets the Small Business Administration’s (SBA) definition of 
small business as found in 15 U.S.C. 632 (13 CFR part 121.301 (a) or (b)) and as further defined in RD Instruction 
4280.103.  

Rural or Rural Area.  Any area of a State not in a city or town that has a population of more than 50,000 inhabitants 
as further defined in RD Instruction 4280.103.  

Affiliates.  Defined in 13 CFR 121.103, an affiliation exists when one individual or entity controls or has the power to 
control another or when a third party or parties control or have the power to control both.  Factors such as ownership, 
management’s previous relationships with or ties to another entity, and contractual relationships are considered 
when determining whether affiliation exists.  An “affiliate” includes but not limited to:  (1) a parent company; (2) 
subsidiaries and other companies that are owned or controlled by the applicant; (3) companies in which an officer, 
director, general partner, managing member, or party owning 20 percent or more is also an officer, director, general 
partner, managing member, or 20 percent or greater owner of the Applicant; (4) companies or individuals with 
unexercised options to own 50 percent or more of the applicant’s stock; and (5) companies that have entered into 
agreements to merge with the Applicant.  

Annual Receipts.  Annual Receipts as defined in 13 CFR 121.104.  In general, Annual Receipts includes “total 
income” (or in the case of a sole proprietorship, “gross income”) plus “cost of goods sold” as these terms are defined 
and reported on Internal Revenue Service tax return forms.  Receipts are averaged over a concern's latest three (3) 
completed fiscal years to determine its average annual receipts. 

Employees.  The number of employees is the average number of persons employed for each pay period over the 
latest 12 calendar months.   

Block IV. A. A Rural Small Business Applicant may qualify under either the industry size standards found in 13 CFR 121.301(a) 
or the alternative size standards found in 13 CFR 121.301(b)(2) which are described below. Attach documentation 
for the business such as tax returns and payroll records to verify income or employee numbers. If the business has 
affiliates, the Agency reserves the right to request additional information on annual receipts or number of employees 
for affiliates, in order to determine program eligibility. 

Provide the NAICS code, if known, applicable to the Rural Small Business.  (www.naics.com)     

To qualify under the alternative size standard, the Rural Small Business Applicant, including any Affiliates, must meet 
the following: 
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(1) Have a maximum tangible net worth for the Applicant and its Affiliates is not more than $15,000,000; and 

(2) Have average net income after Federal income taxes (excluding any carry-over losses) for the Applicant and its 
affiliates, for the 2 full fiscal years before the date of the application, of not more than $5,000,000. 

Block IV. B. To qualify as an Agricultural Producer the Applicant must be engaged in agricultural production including the 
growing, raising labor, management, and field operations associated with the agricultural production.  Fifty percent or 
more of Applicant’s income must come from the production and raising of agricultural products.  Agricultural 
production income includes:  sale of crops, livestock, fish and seafood, and payments related to crops or livestock 
production, such as insurance and commodity payments.  Agricultural income does not include purchase and resale 
of agricultural products, custom hire income, or conservation and land trust payments made to keep land out of 
production.  Attach documentation such as tax returns. The Agency will use information from 3 most recent years to 
calculate and verify eligibility as an Agricultural Producer. 

Block IV. B. 1. Income directly related to agricultural products.  Examples include:  income (less cost of goods sold) received from 
the sale of crops, livestock, timber, fish and seafood; crop insurance; and commodity payments.  The Agency will 
average agricultural production income over the 3 most recent years. 

Block IV. B. 2. Include all income sources W-2 income, Schedule C, and non-ag income.  Include custom hire, cooperative 
dividends, payments received for taking land out of production such as conservation and land trust payments.  The 
Agency will average total income over the 3 most recent years. 

Block IV. B. 3. Average of 3 years agricultural production income (B.1) ÷ Average of 3 years total income (B.2). 

Block IV. B. 4. Provide the NAICS code, if known, applicable to the agricultural production operation.  (www.naics.com) 

Block V. Indicate the type of project:  Renewable Energy System or Energy Efficiency Improvement.  For Renewable Energy 
System projects, the information for this section may be contained in an Agency approve Renewable Energy Site 
Assessment.   

A Renewable Energy System is a system that produces usable energy from a renewable energy source (wind, solar, 
renewable biomass, ocean, geothermal, hydroelectric, or hydrogen derived from one of these renewable energy 
resources).   

An Energy Efficiency Improvement is an improvement to or replacement of an existing building and/or equipment that 
reduces energy consumption on an annual basis.  Note:  an Applicant proposing to install a Renewable Energy 
System may file an Energy Efficiency Improvement application, if an energy audit or energy assessment has been 
completed and indicates that there will be energy savings.   

Block V. A. Project description should include:  Size of the project, projected energy generation (including energy generated for 
sale if applicable), intended purpose, (i.e. new facility and the energy produced by the Renewable Energy System 
will be used by the new facility for on-site use or replacing an existing fossil fuel energy source with a Renewable 
Energy System for on-site use and includes net metering agreement for any excess energy produced).  Name of 
equipment and model numbers (as applicable) should be noted in detailed description. 

Block V. B. Provide the location of the project site and a description of the site.  Location can be an address or legal description.  
Include information about whether site is wooded, open, industrial park, or farm land.  Is the project close to 
buildings, etc. 

Block V. C.- D. For commercially available complete either part C or part D, as appropriate, for Renewable Energy Systems.   

A Renewable Energy System can demonstratecommercial availability, if it has been certified by a recognized 
industry organization whose certification standards are acceptable to the Agency.  Examples of recognized industry 
organization whose certification standards are acceptable to the Agency include, but are not limited to:  Small Wind 
Certification Council, Certified Wind Turbines,  http://smallwindcertification.org/certified-small-turbines/; Solar Rating 
and Certification Corporation (SRCC)  http://www.solar-rating.org/index.html; Florida Solar Energy Center, 
http://www.fsec.ucf.edu/en/.  A full list can be found in RD Instruction 4280.103. 

Complete commercially available Block V. C. for Energy Efficiency Improvements. 

Block V. E.  Describe the projected financial performance of the proposed project.  For Renewable Energy System projects, the 
information for this section may be contained in an Agency approve Renewable Energy Site Assessment.  The 
description shall address total project costs and eligible project costs; energy replacement/savings; and revenues 
from energy sold to the grid and revenues from byproducts.  Do not include any investment and other production 
incentives.  Revenues to be considered shall accrue from the sale of energy, replacement (offset) or savings in 
energy costs, and sale of byproducts.   

Block V. E. 1. Total Project Costs.  The sum of all costs associated with a completed project known at time of application submittal.  
Total Project Cost shall include all costs directly related to the purchase, installation, and construction of the 
Renewable Energy System or Energy Efficiency Improvement project that are known and planned to be incurred for 
the project.  Total project costs do not include construction or equipment costs that would be incurred regardless of 
the installation of the Renewable Energy System or Energy Efficiency Improvement project.  For example, the 
foundation for a building where a Renewable Energy System is being installed, storage only grain bins connected to 
drying systems, and roofing of a building where solar panels are being attached.  
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Eligible Project Costs.  The total project costs that are eligible to be paid or guaranteed with REAP funds. 

Eligible Project Costs for grants are identified in 4280.114 (c) and described below, are only those costs incurred 
after a Complete Application has been received by the Agency and are directly related to and its use and 
purpose is limited to the Renewable Energy System or Energy Efficiency Improvement: 

(1)  Purchase and installation of new or refurbished equipment.  

(2)  Construction, retrofitting, replacement, and improvements. 

(3)  Energy Efficiency Improvement(s) identified in the applicable Energy Assessment or Energy Audit.  

(4)  Fees for construction permits and licenses. 

(5)  Professional service fees for Qualified Consultants, contractors, installers, and other third-party services. 

(6)  For an eligible Renewable Energy System in which a residence is closely associated with the Rural Small 
Business or agricultural operation the installation of a second meter to separate the residence from the portion 
of the project that benefits the Rural Small Business or agricultural operation, as applicable. 

For guaranteed loans eligible project cost can also include: 

(1)  Working capital. 

(2)  Land, building, and equipment acquisition. 

(3)  Routine lender fees. 

(4)  Energy Assessments, Energy Audits, technical reports, business plans, and Feasibility Studies, except if any 
portion was financed by any other Federal or State grant or payment assistance. 

(5)   Refinancing outstanding debt. 

For a complete list of eligible costs and funding restrictions for guaranteed loans see RD Instruction 4280.129(e). 

Block V. E. 2. a.  Identify the amount of renewable energy to be generated through the deployment of the proposed system.   

If applicable, identify the existing energy system and type(s) of fuel used, including historical annual energy 
consumption at the facility for energy replacement projects, based upon previous 12 months of energy 
consumption.  Note only energy used by the eligible Rural Small Business or agricultural production facility should be 
included.  Any historical residential usage must be deducted.  

If applicable, calculate the percentage of energy being replaced by the proposed system.  Percent energy replaced is 
calculated by dividing the annual amount of renewable energy to be generated by the historical annual energy usage 
of the business operation then multiplying by 100.   

If the percentage exceeds 100 percent, there are special instructions for calculating the energy revenue for the 
proposed system in the Block V. E. 2. a. iii.   

If the amount of energy exceeds 150 percent, the project will be treated as an energy generation project.  Ensure like 
units (British Thermal Units (BTU), kilowatt hours (kWh), etc.) are used when making the calculation.  

Please identify the units of measure for the energy that is being used:  kWh or BTU.  Information must be provided to 
allow the calculation of Simple Payback as defined below and in RD Instruction 4280.103. 

Block V. E. 3. Enter the average energy retail price paid over the most recent 12 months in E. 3. a.  Enter the rate the utility will be 
paying for energy produced from the Renewable Energy System in E. 3. b.  

Block V. E. 4. Energy replacement projects (Renewable Energy System projects that will offset current energy usage of the 
Applicant), replacing less than or equal to 100 percent of the Applicant’s current energy usage will use line E. 4. a. to 
determine value of energy, using the total amount of energy identified in E. 2.a. i. 

Energy replacement projects that replace over 100 percent but less than 150 percent will complete both lines  
E. 4. a., and E. 4. c.  Line E. 4. a. will be the value of the amount of energy replaced or line E. 2. a. ii. multiplied by  
E. 3. a.  For the energy that exceeds 100 percent of replacement energy or (E. 2. a. i. - E. 2. a. ii.), will be multiplied 
by E. 3. b., which is the energy rate received from the utility for the power being sold onto the grid.   

For projects that are energy generation projects, including those energy replacement projects that replace over 150 
percent, should complete line E. 4. c.  Line E. 4. c. will be the amount of energy generated, which was identified in 
line E. 2. a. i., multiplied by the value in line E. 3. b. 

Energy Efficiency Improvement project (energy saving project) should use the amount of energy identified in E. 2. b. 
multiplied by the retail cost of energy identified in E. 3. a. 

E. 4. d. should total the value of all energy, including the value of the energy replaced and the value of the energy 
sold to the grid or the value of the energy saved.  
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Block V. E. 5. For energy generation projects only, all energy-related revenue streams and all revenue from byproducts expected 
to be produced by the energy system for a typical year including the fair market value of byproducts produced by and 
used in the project or related enterprises should be listed here. 

Block V. E. 6. Self-Explanatory. 

Block V. E. 7. Self-Explanatory. 

Block V. E. 8. Self-Explanatory. 

Block V. E. 9. Self-Explanatory. 

Block V. E.8.-9. Definitions. 

Simple Payback.  The estimated Simple Payback of a project funded under this subpart is calculated using 
paragraph (1) or (2) as applicable:   

(1)  For projects that generate energy for use offsite, Simple Payback is calculated as follows: 

(i)   Simple Payback = (Eligible Project Costs) ÷ (typical years earnings before interest, taxes, depreciation, 
and amortization (EBITDA) for the project only).  

(ii)   EBITDA is based on: 

(A)   All energy-related revenue streams and all revenue from byproducts produced by the energy system 
for a typical year including the fair market value of byproducts produced by and used in the project or 
related enterprises. 

(B)   Income remaining after all project obligations are paid (operating and maintenance).   

(C)   The Agency’s review and acceptance of the project’s typical year income (which is after the project is 
operating and stabilized) projections at the time of application submittal. 

(D)   Does not include any tax credits, carbon credits, renewable energy credits, and one-time construction 
and investment-related benefits.  

(2)  For projects that reduce (save) or replace onsite energy use, (e.g., Energy Efficiency Improvement projects 
that reduce and Renewable Energy System projects that replace onsite energy use),  Simple Payback is 
calculated as follows: 

(i)   Simple Payback = (Eligible Project Costs) ÷ (Dollar Value of Energy reduced or replaced):  

(ii)  Dollar Value of Energy reduced or replaced incorporates the following: 

(A)  Energy reduced or replaced will be calculated on the quantity of energy saved or replaced as 
determined by subtracting the result obtained under paragraph (A)(2) from the result obtained under 
paragraph (A)(1) of this definition, and converting to a monetary value using a constant value or price 
of energy (as determined under paragraph (A)(3) of this definition). 

(1)  Actual energy used in the original building and/or equipment, as applicable, prior to the 
Renewable Energy System or Energy Efficiency Improvement project, must be based on the 
actual average annual total energy used in BTU over the most recent 12, 24, 36, 48, or 60 
consecutive months of operation.   

(2)  Projected energy use if the proposed Renewable Energy System or Energy Efficiency 
Improvement project had been in place for the original building and/or equipment, as applicable, 
for the same time period used to determine that actual energy use under paragraph (2)(ii)(A)(1) 
of this definition.   

(3)  Value or price of energy must be the actual average price paid over the same time period used 
to calculate the actual energy used under paragraph (2)(ii)(A)(1) of this definition.  Renewable 
Energy System projects that will replace 100 percent of an Applicant’s energy use will be 
required to use the actual average price paid for the energy replaced and the projected revenue 
received from energy sold in a typical year. 

(B)  Does not allow Energy Efficiency Improvements to monetize benefits other than the dollar amount of 
the energy savings the Agricultural Producer or Rural Small Business realizes as a result of the 
improvement.   

(C)  Does not include any tax credits, carbon credits, renewable energy credits, and one-time construction 
and investment-related benefits. 

Block V.F. Describe the key service providers for the project, including the number of similar systems installed and/or 
manufactured, professional credentials, licenses, and relevant experience.  When specific numbers are not available 
for similar systems, estimations will be acceptable.  Attach additional pages if required. 

Block VI. Complete this Block for Renewable Energy System projects only.  Energy Efficiency Improvement projects should 
complete Block VII.  Hybrid projects are a combination of two or more Renewable Energy System technologies that 
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are incorporated into a unified system to support a single project.  Projects which propose two or more different 
Renewable Energy System technologies at two or more locations (a different technology at each site) are not 
eligible.  

Block VI. A. 1. Self-Explanatory. 

Block VI. A. 2. An application for installation of a Renewable Energy System to serve a residence only is not eligible.  For an 
installation of Renewable Energy System that is closely associated with and shares an energy metering device with 
the Rural Small Business or agricultural operation, the application is eligible if one of the following options is met.   

(1) Demonstration that 51 percent or greater of the energy to be generated will benefit the Rural Small Business or 
agricultural operation; (In this scenario the eligible project cost will be determined based on the actual 
percentage of energy determined to benefit the Rural Small Business or agricultural operation.)  (Ex. If 56 
percent of the energy from the project is going to benefit the business operation 56 percent of the total project 
cost will be considered eligible for REAP assistance);  

(2) The Applicant certifies in the application that any excess power generated by the Renewable Energy System 
will be sold to the grid and will not be used by the Applicant for residential purposes; or 

(3) If the project cannot meet either of the above criteria, installation of a second meter (or similar device) that 
results in all of the energy generated being used for non-residential energy usage will be required. 

Block VI. B. Provide information which allows the Agency to determine that an adequate renewable energy resource is available 
at the project site.  Cite the source used in making the determination that an adequate resource exists.  

Examples of online estimating tools may include, but are not limited to:  PVWatts, National Renewable Energy 
Laboratory (NREL) solar and wind maps, etc.   

Examples of site specific monitoring devises may include, but are not limited to:  Solar pathfinder or anemometer 
(wind) installations, etc.   

Other tools may include, but are not limited to:  GeoExcel or similar design software used in geothermal analysis, 
airport wind roses, Geographic Information Systems (GIS), energy calculators (EIA.gov), United States Geological 
Survey maps and images, Global Positioning System (GPS) receivers, etc.   

An Agency approved Site Assessment may be used to provide information on Project Description, Resource 
Assessment, and Project Economic Assessment.  In such instances, the technical report would consist of Section D 
and the Renewable Energy Site Assessment.  If a site assessment was completed for the project that does not 
provide Project Description, Resource Assessment, and Project Economic Assessment, the site assessment can still 
be used, but the information missing will need to be provided to the Agency in this form. 

Block VII. This Block is for Energy Efficiency Improvement projects only.  Renewable Energy Systems can go to Block VIII to 
continue with the application process. 

Provide the information relating to the Energy Efficiency Improvement as documented in an Energy Assessment or 
Energy Audit.  Convert energy to BTU by use of the noted conversion factors.  ATTACH THE ENERGY 
ASSESSMENT OR ENERGY AUDIT TO THIS FORM.  

Definitions 

Energy Assessment.  Defined in RD Instruction 4280.103, an Agency-approved report assessing energy use, cost, 
and efficiency by analyzing the energy bills and surveying the target building and/or equipment sufficiently to provide 
an Agency-approved assessment. 

The assessment may be conducted by an Energy Auditor or an Energy Assessor or an individual supervised by 
either an Energy Assessor or Energy Auditor.  The final Energy Assessment must be validated and signed by the 
author. OR 

For projects with Total Project Cost is $80,000 or less, the Energy Assessment may be completed by an individual or 
entity that has at least 3 years of experience and completed at least five energy assessments or energy audits on 
similar type projects.  

Energy Assessor.  A Qualified Consultant who has at least 3 years of experience and completed at least five energy 
assessments or energy audits on similar type projects and who adheres to generally recognized engineering 
principles and practices.  

Qualified Consultant.  An independent third-party individual or entity possessing the knowledge, expertise, and 
experience to perform the specific task required.  

Energy Audit.  As further defined in RD Instruction 4280.103 a comprehensive report meeting Agency approval 
approved by an Energy Auditor an individual supervised by an Energy auditor that documents current energy usage; 
recommended potential improvements and their costs; energy savings from the improvements; dollars saved per 
year; and Simple Payback. The methodology of the Energy Audit must meet professional and industry standards. 
The final Energy Audit must be validated and signed by the author.  

Energy Auditor.  A Qualified Consultant that meets one of the following criteria: 
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(1) A Certified Energy Auditor certified by the Association of Energy Engineers; 

(2) A Certified Energy Manager certified by the Association of Energy Engineers; 

(3) A Licensed Professional Engineer in the state in which the audit is conducted with at least 1 year experience 
and who has completed at least two similar type energy audits; or 

(4) An individual with a 4-year engineering or architectural degree with at least 3 years of experience and who has 
completed at least five similar type energy audits. 

Block VIII. An application will be scored on environmental benefits and will receive a maximum of 5 points if the Applicant has 
documented in the application that the proposed project will have a positive effect on any of the three impact areas:  
resource conservation (e.g., water, soil, forest), public health (e.g., potable water, air quality), and the environment 
(e.g., compliance with EPA(s) RFS(s), greenhouse gases, emissions, particulate matter).  Points will be awarded as 
follows: 

(1)   If the proposed project has a positive impact on any one of the three impact areas, 1 point will be awarded. 

(2)   If the proposed project has a positive impact on any two of the three impact areas, 3 points will be awarded. 

(3)   If the proposed project has a positive impact on all three impact areas, 5 points will be awarded. 

Block IX. Describe sources and amount of all funds that will be used to complete the project.  In order to receive points under 
the readiness scoring criteria written commitments must be attached.  Attach written commitments (e.g. Letter of 
Commitment, bank statement) from each source that is providing funds.  Third party commitment letters must be 
signed by the authorized party, be specific to the project and identify the dollar amount and any applicable rates and 
terms.  Letter of intent, pre-qualification, subject to bank approval, or other underwriting requirements are NOT 
acceptable.  Conditionalizing on receipt of REAP funds or appraisal is acceptable. 

Block X. Self Explanatory. 

Block XI. Self Explanatory. 

Block XII. Self Explanatory. 

Block XIII A. Applicant eligibility requirements as defined in RD Instruction 4280.112 include: 

The Applicant must be an agricultural producer or rural small business, as defined in RD Instruction 4280.103.  

The Applicant must (1) own or be the prospective owner of the project; and (2) own or control the site for the project 
described in the application at the time of application and, if an award is made, for the useful life of the project as 
described in the grant agreement.   

The Applicant must have available at the time of application satisfactory sources of revenue in an amount sufficient 
to provide for the operation, management, maintenance, and any debt service of the project for the useful life of the 
project.  In addition, the Applicant must control the revenues and expenses of the project, including its operation and 
maintenance, for which the assistance is sought.  Notwithstanding the provisions of this paragraph, the Applicant 
may employ a qualified consultant under contract to the owner to manage revenues and expenses of the project and 
its operation and/or maintenance. 

Block XIII. B. Project eligibility requirements as defined in RD Instruction 4280.113 include: 

(1) Be for the purchase of a new or refurbished Renewable Energy System, the retrofitting of an existing 
Renewable Energy System, or making Energy Efficiency Improvements that will use less energy on an annual 
basis than the original building and/or equipment that it will improve or replace as per an energy assessment or 
energy audit.  Types of improvements include, but are not limited to: 

(i) Efficiency improvements to existing Renewable Energy Systems. 

(ii) Construction of a new energy efficiency building only when the building is used for the same purpose as 
the existing building, and, based on an energy assessment or energy audit, as applicable, it will be more 
cost effective to construct a new building and will use less energy on an annual basis than improving the 
existing building. 

(iii) Subsequent improvements such as those that replace or duplicate improvements previously funded under 
this subpart may or may not be eligible for funding: 

(A) If the replacement is prior to the end of the existing funded equipment’s useful life, then the proposed 
improvement even if more energy efficient is ineligible. 

(B)  If the replacement is at or after the end of the existing funded equipment’s useful life, then it is eligible 
for funding provided it is more energy efficient than the previously funded improvement. 

(2) Be for a commercially available and replicable technology; 

(3) Have technical merit as defined in RD Instruction 4280.116; 

(4) Be located in a rural area in a State if the type of Applicant is a rural small business, or in a rural or non-rural 
area in a State if the type of Applicant is an agricultural producer.  If the agricultural producer’s facility is in a 
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non-rural area, then the application can only be for Renewable Energy Systems or Energy Efficiency 
Improvements on integral components of or that are directly related to the facility, such as vertically integrated 
operations, and other value added components of the agricultural production operation, and are part of and co-
located with the agriculture production operation. 

Block XIII. C. Self Explanatory. 

Block XIII. D. Self Explanatory. 

Block XIII. E. Self Explanatory. 

Block XIII. F. As defined in RD Instruction 4280.119(c ), the Applicant is solely responsible for the execution of all contracts and 
Agency review and approval are not required.  

Upon completion of the project, if awarded, the grantee must submit to the Agency a copy of the contractor’s 
certification of final completion for the project and a statement that the grantee accepts the work completed.  At its 
discretion, the Agency may require the Applicant to have an Inspector certify that the project is constructed and 
installed correctly.   

The Renewable Energy System or Energy Efficiency Improvement must be constructed, installed, and operating as 
described in the technical report prior to disbursement of funds.  Renewable Energy Systems must be operating at 
the noted steady state operating level for a period of not less than 30 days prior to disbursement of funds.  

Executed contracting forms as outlined by the Agency in the Letter of Conditions will be required by all persons who 
furnished materials and labor in connection with the contract.  

Block XIII. G. Projects as proposed, must be completed in their entirety prior to requesting reimbursement of funds. 

Block XIII. H. Required insurance identified in RD Instruction 4280.122(b) is: 

Agency approved insurance coverage must be maintained for 3 years after the Agency has approved the final 
performance report unless this requirement is waived or modified by the Agency in writing.  Insurance coverage shall 
include, but is not limited to: 

(1)   Property insurance, such as fire and extended coverage, will normally be maintained on all structures and 
equipment.  

(2)   Liability. 

(3)   National flood insurance is required in accordance with 7 CFR part 1806, subpart B, of this title, if applicable. 

Block XIII. I. The Agency is not getting detail information on system design and how the different components will work together to 
provide the desired outcome.  Therefore the applicant must certify that the design, engineering, testing, and 
monitoring will be sufficient to demonstrate that the proposed project will meet its intended purpose.   

Block XIII. J. Self Explanatory. 

Block XIII. K. Self Explanatory. 

Block XIII. L. Open and free competition requirements require applicants to solicit prices from multiple sources before deciding on 
one vendor.   

All procurement transactions, regardless of procurement method and dollar value, must be conducted in a manner 
that provides maximum open and free competition.  Procurement procedures must not restrict or eliminate 
competition.  Competitive restriction examples include, but are not limited to, the following:  placing unreasonable 
requirements on firms in order for them to qualify to do business; noncompetitive practices between firms; 
organizational conflicts of interest; and unnecessary experience or excessive bonding requirements.  In specifying 
material(s), the grantee and its consultant will consider all materials normally suitable for the project commensurate 
with sound engineering practices and project requirements.  The Agency will consider any recommendation made by 
the grantee’s consultant concerning the technical design and choice of materials to be used for such a project.  If the 
Agency determines that a design or material, other than those that were recommended, should be considered by 
including them in the procurement process as an acceptable design or material in the project, the Agency will provide 
such Applicant or grantee with a comprehensive justification for such a determination.  The justification will be 
documented in writing.   

Block XIII. M. This certification is required for bioenergy projects that proposed to use woody biomass from a National Forest 
System or public lands, as a feedstock.  The applicant must certify that any and all woody biomass that comes from 
a National Forest Ssystem land or public lands cannot be used as a higher value wood-based product.  For 
bioenergy projects that use woody biomass from private land, this certification is not required. 

Block XIII. N. Self Explanatory. 

Block XIII. O. For a project that involves an installation of Renewable Energy System that is closely associated with and shares an 
energy metering device with the Rural Small Business or agricultural operation, the applicant must either: 

(1) demonstrate that 51 percent or more of the energy will benefit the Rural Small Business or agricultural 
operation,  
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(2) install a second meter (or similar device) that results in all of the energy generated being used for non-
residential energy usage or sold to the grid, or 

(3) provide the certification identified.  

Block XIV. Self Explanatory 

Block XV. Original signature in blue ink required.  Agency reserves the right to ask for additional information to verify 
certifications made or to determine project and Applicant eligibility.  



Drought conditions affect most farmers, including 
those raising livestock.  Understanding ways to manage 
this risk is important for the future productivity of the 
farm.  One way that these risks can be mitigated is by 
planting a diversity of forages that include drought-
tolerant varieties.

What are they?
Native warm-season perennial grasses evolved in the 
mid-South region of the U.S. and typically grow the most 
biomass between June and August when temperatures 
are between 85 and 95°F (Fig. 1).  They are C4 grasses 

which means they undergo photosynthesis differently 
from C3 grasses.  Examples of C4 and C3 grasses can be 
found in the table below: 

C3 Forages C4 Forages
Tall fescue Switchgrass

Orchardgrass Big bluestem
Kentucky bluegrass Little bluestem

Timothy Indiangrass
Smooth bromegrass Eastern gamagrass

Reed canarygrass Broomsedge
Perennial ryegrass Sideoats grama

Uses
These grasses can be used in a number of different 
applications including wildlife habitat, forage, erosion 
prevention, and even bioenergy.

Examples
Some examples of native warm-season perennial grasses 
include switchgrass, big bluestem, little bluestem, 
indiangrass, and eastern gamagrass.  In addition to pure 
stands of each grass, mixed stands of big bluestem, little 
bluestem, and indiangrass can also be grown.  Each 
grass type has different characteristics but can all be 
used for forage.

Drought management
Native warm-season perennial grasses are important 
for drought management in forage production because 
they typically grow during the summer months when 
cool-season grasses become dormant.  Once these 
grasses are established, they can be extremely useful 
during periods of drought because they have deeper 
root systems than most grasses and can access water and 
nutrients that other grasses would not be able to access.  
The C4 photosynthetic pathway also allows these grasses 
to be more water-efficient, making them more durable 
during water-limited seasons.  

During the 2012 drought, many producers were either 
trying to purchase hay at elevated prices or considering 
selling their cattle.  Producers growing native warm-
season perennial grasses were still able to continue 
growing forage even though much of the other forages 
had ceased to produce (Fig. 2).  

Native Warm-Season Perennial Grasses for Drought 
Management in Forage Production

Jason P. de Koff, Assistant Professor, Tennessee State University
Contact: 615-963-4929, jdekoff@tnstate.edu,  @TSUBioenergy
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Fig. 1. Change in relative productivity for cool- and warm-
season grasses.



These grasses, therefore, could be used under summer 
drought conditions to maintain a herd until conditions 
improved.  

Advantages
1) Nitrogen use-efficiency: The C4 activity of these 
grasses allows them to require less nitrogen for the same 
level of photosynthesis.

2)  Prevent overgrazing: Using these grasses as a forage 
in conjunction with cool-season grasses can allow the 
cool-season pastures to rest and prevent overgrazing.

3) Reduced costs: The perennial nature of these 
warm-season grasses can reduce costs associated with 
annual establishment and can also reduce the risk of 
establishment failure.

4)  Yield: These grasses typically yield 4 to 5 tons per 
acre.

Disadvantages
1) Establishment: These grasses can be difficult to 
establish and require shallow seeding with advanced 
weed control the August prior to spring planting.  Full 
establishment and maximum yields may take a couple of 
seasons as the grasses focus more on root development 
than shoot development.

2) Nutrition:  While these grasses can produce protein 
levels of 15% or higher, these levels drop significantly 
with time (Fig. 3). 

3) Management: Due to changes in nutrition and 
growth rate, stocking rates for cattle change through the 
season.  It is important to maintain adequate height (15-
18”) to maintain stand vigor.  Also, during the early part 
of the growing season, it is important to keep enough 
cattle in the field to prevent the grasses from becoming 
too coarse.  

Additional resources
de Koff, J.P., and C. Robbins.  2012.  Calibrating seed drill seeding rates for native 
warm-season grasses.  Tennessee State University Cooperative Extension Program, 
ANR-B2.  Available at: http://www.tnstate.edu/extension/documents/warm%20
season%20grasses.pdf

Keyser, P., C. Harper, G. Bates, J. Waller, and E. Doxon.  2011.  Native warm-season 
grasses for mid-South forage production.  University of Tennessee Cooperative 
Extension Program, SP731-A.  Available at: https://utextension.tennessee.edu/
publications/Documents/SP731-A.pdf

Keyser, P., C. Harper, G. Bates, J. Waller, and E. Doxon.  2011.  Establishing native 
warm-season grasses for livestock forage in the mid-South.  University of Tennessee 
Cooperative Extension Program, SP731-B.  Available at: https://utextension.
tennessee.edu/publications/Documents/SP731-B.pdf

Keyser, P., G. Bates, J. Waller, C. Harper, and E. Doxon.  2011.  Grazing native warm-
season grasses in the mid-South.  University of Tennessee Cooperative Extension 
Program, SP731-C.  Available at:  https://utextension.tennessee.edu/publications/
Documents/SP731-C.pdf

Keyser, P., G. Bates, J. Waller, C. Harper, and E. Doxon.  2011.  Producing hay from 
native warm-season grasses in the mid-South.  University of Tennessee Cooperative 
Extension Program, SP731-D.  Available at:  https://utextension.tennessee.edu/
publications/Documents/SP731-D.pdf
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Fig. 2. Field of Eastern gamagrass in Giles County during the 
2012 drought (June 29).  The field had already been cut and 
was regrowing well while  other pastures (background)were no 
longer productive.

Fig. 3.  Change in crude protein content of switchgrass with 
time.  The switchgrass data is from 2011 and harvested at the 
Tennessee State University Agriculture Research and Educa-
tion Center in Nashville.  The increase in N in the later part of 
the season is most likely due to seed development.



Whether you are planting native warm-season grasses 
(NWSG) for forage, wildlife or bioenergy, calibrating 
a seed drill prior to planting is beneficial so that the 
correct amount of seed per acre is applied. 

Pure Live Seed (PLS)
To begin, it is important to determine the amount of 
seed you need to apply per acre to get the correct amount 
of Pure Live Seed (PLS) planted.  As most of these 
seeds do not have a 100% germination rate and contain 
some inert material, a calculation must be performed 
to determine the PLS for your seed.  Some seed bag 
tags already contain this information.  If not, simply 
multiply the %germination by the %purity and divide 
by 100 to get the PLS percentage.  To determine the rate 
you must apply for a specific PLS rate, you divide the 
recommended PLS seeding rate by the PLS percentage 
of your seed and multiply by 100.  An example of this 
calculation is shown below for Indiangrass ‘Cheyenne’:

Seed Box
In most cases, NWSG like big bluestem, little bluestem and 
indiangrass need to be planted using the native grass box 

on your seed drill or converting a box on your seed drill to 
handle native seeds.

(For information on planting switchgrass using a 
seed drill and other seed drill tips, see: http://forages.
tennessee.edu/Page%204-%20 Planting/SP701-C.pdf) 

Eastern gamagrass seeds cannot be planted using a no-till, 
grass based seed drill due to row spacing differences.  In 
this case it is recommended to use a traditional seed box 
type (i.e. corn planter) instead.  The native grass box for 
other NWSGs should have double agitators (Fig. 1) that 
will help force the fluffy, light NWSG seed through the 
openings and into the drop hoses for planting.  

Using a seed drill without these agitators will result in a 
shortage of seed dropped for planting.  Other alterations 
to the seed drill include the use of larger seed cups and 
hoses and a special seed boot.  After ensuring that hoses 
and seed boxes are clear of any debris, calibration of the 
seeding rates can be performed.

Seeding Rate Calibration
Step 1:  Place seed in native grass box and open the sliding gate 
to a setting that you deem appropriate to start with (Fig. 2).  Your 
seed drill owner’s manual should give you an idea of the setting.

Calibrating seed drill seeding rates for native warm-season grasses
Jason P. de Koff, Assistant Professor, Tennessee State University

Christopher Robbins, Extension Associate- Farm Operations, Tennessee State University
Contact: 615-963-4929, jdekoff@tnstate.edu,  @TSUBioenergy

Fig. 1. Double row of agitators inside native seed box.
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Indiangrass ‘Cheyenne’
Germination         91%
Pure Seed                     73%
Recommended PLS                   8 lbs/ acre    

    Seeding Rate
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(91 x 73)  =  66.4% PLS

             100 
8 lbs. PLS per acre x 100 = 12 lbs seed per acre

                66.4 % PLS  



Step 2:  Remove hoses from beneath native grass box 
and attach pre-weighed bags under seed cups using the 
hose clamps (Fig. 3). 

Step 3:  Pull seed drill 100 ft. 
Step 4: Weigh the seed in the bags and subtract bag weights.
Step 5:  Calculations 
 
The amount of seed you should have in the bags is 
determined by multiplying the pounds of seed per acre 
you want to apply (determined above) by 16 and by 
the area drilled (in square feet).  To determine the area 
drilled multiply the distance you pulled the seed drill 
(100) by the planting width of the drill.  This value is then 
divided by 43560 to give you the weight (in ounces) that 
you should collect in the bags to get the rate you want 
to apply (see calculation below).  Adjust the sliding gate 
accordingly based on the weights you get.  It is important 
to note that in some cases the scale on the sliding gate is 
not the most accurate (i.e. doubling the setting will not 
necessarily double the seeding rate) so it may take a little 
adjusting before getting the correct output rate. 

Seed
Not all seed is the same.  Even seed that is of the same 
species and variety may be different depending on the 
way they were cleaned.  This will differ based on the 
seed supplier you order seed from.  Figure 4 shows 
two types of seed that are the same species and variety 
(Little Bluestem ‘Aldous’) but from different suppliers.   

The seed on the left was not cleaned as much as the seed on 
the right and may be more difficult to calibrate in the seed 
drill due to its fluffiness.  The fluffiness can cause the seeds 
to clump and come out of the seed drill this way.  This may 
also lead to a different seeding rate than other cleaned seed.
For information on where to purchase NWSG seed, contact 
your local soil conservation district.

2

Fig. 3. Example of bag attachment to seed drill for seeding 
rate calibration.

Fig. 4. Little Bluestem ‘Aldous’ seed from different seed 
companies. The seed on the left may have greater fluffiness 
which could make it more difficult to flow through the seed 
drill at a regular rate.

Fig. 2. Pointer and scale to determine relative size of  
seed opening

Seeding Rate         12 lbs/ acre

Row Spacing          0.6 ft

Number of Rows   12 

Length Pulled    100 ft

Area Pulled   100 x (0.6 x 12) = 720 ft 2

12 lbs/ acre  x 720 x 16 = 3.2 ounces **

                  43560
** Total seed weight collected in bags
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What Is Switchgrass?
Switchgrass (Fig. 1) is a warm-season prairie grass 
that is native to North America and grew in the Great 
Plains for centuries. It is a perennial grass, meaning 
that, once planted, it will regrow each year and 
can maintain this ability for at least 15 years. It is a 
nutrient- and water-efficient grass that produces a 
massive root system up to 10 feet deep with plant 
heights of 3.5 to greater than 6.5 feet tall. 

Switchgrass has numerous benefits. It has been 
identified for its use in riparian buffer strips to 
prevent excess nutrients from entering natural water 
systems, for its ability to remove harmful substances 
from the soil and to provide wildlife habitat. The 
perennial nature of switchgrass reduces erosion 
rates as much as 95 percent relative to annual tilled 
row crops like corn and soybean. It is used in many 
areas, including Tennessee, as a forage crop, due 
to its capacity to grow during the summer when 
temperatures are high and moisture is limited. 
Switchgrass generally produces up to 90 percent 
of total yields during this period (between June and 
August). 

Jason P. de Koff, Assistant Professor, Agronomy, Tennessee State University
Donald D. Tyler, Professor, Biosystems Engineering and Environmental Science 

University of Tennessee

Improving Switchgrass Yields  
for Bioenergy Production

Planting, managing and harvesting switchgrass 
uses conventional farming equipment. Seed 
drills with attachments (boxes) for small seeds 
are recommended for planting and disc mower 
conditioners are recommended for harvesting 
switchgrass. 

Switchgrass and Bioenergy
Bioenergy involves the use of plant biomass (plant 
material) to produce energy. Biomass currently 
makes up 3 percent of U.S. energy production and 
is the second largest renewable energy source after 
hydropower. Bioenergy is playing an important role 
in meeting the renewable fuel standards that have 
been mandated by the U.S. government, requiring 
that total transportation fuel usage must be made 
up of at least 38 billion gallons of biofuels by 2022 
(currently less than 2 billion gallons of biofuels are 
used). (Fig. 2) Switchgrass, as with many bioenergy 
crops, can be converted to ethanol for fuel use or 
it can be burned to create electricity in traditional 

Fig. 1. Switchgrass production at Tennessee State University 
Research and Education Center.

Fig. 2. Current U.S. renewable fuels standards for total 
transportation fuel usage.
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coal-fired power plants. There is currently a pilot 
plant in operation in Vonore, TN for converting 
switchgrass to ethanol. 

In 1991, switchgrass was selected as a model 
bioenergy crop by the Biofuels Feedstock 
Development Program, largely due to its consistently 
high productivity, large range of adaptability and 
low water and nutrient requirements. These lower 
requirements allow switchgrass to be grown on 
marginal lands, such as those in the Conservation 
Reserve Program (CRP) without taking away land 
that is currently being used to grow food or fiber 
products. Numerous scientific studies have been 
performed to identify certain factors that improve 
switchgrass yields, which can be as high as 15 tons/
acre. These factors include cultivar type, fertilizer 
inputs, location, stand age and harvest frequency. 

Cultivar Types
Switchgrass cultivars differ based on where they 
are naturally found. There are four main cultivar 
types: southern lowland, southern upland, northern 
lowland and northern upland. The southern varieties 
originated in more southern latitudes than the 
northern and generally produce biomass for a longer 
period of time. The northern varieties are generally 
more cold-tolerant. Lowland varieties are more 
adapted to floodplains with wetter soil conditions 
than the upland, which are more adapted to 
moderate moisture environments. Lowland varieties 
also grow more slowly, while upland varieties are 
shorter plants with thinner stems that accumulate 
all of their biomass earlier in the season. Lowland 
cultivars have also been shown to outperform 
upland cultivars in biomass yields in flooded 
conditions and perform the same as upland cultivars 
under drought conditions. Most research has 
identified lowland varieties to be the best cultivars 
to grow in areas like Tennessee due to their higher 
yields. One study in Tennessee identified numerically 
higher yields for lowland cultivars (called Alamo and 
Kanlow) in Jackson and Knoxville for a single-cut 
harvest system (Fig. 3).

Fertilizer Inputs
Perennial grasses like switchgrass are nutrient-
efficient, because they recycle nutrients from 
standing plant material back to the roots before a 
killing frost occurs. Therefore, when the plant goes 
dormant during the winter, the nutrients are kept in 

the root system until they are used to produce new 
shoot growth in the spring. 

As with most plants, nitrogen (N) is the most 
important input for increasing biomass yields in 
switchgrass. Phosphorus (P) and potassium (K) 
applications generally result in little or no addition 
in plant matter accumulation. Though switchgrass 
is highly nutrient-efficient, higher yields have been 
achieved with greater levels of nitrogen (N) fertilizer. 
These levels are usually between 60 and 90 lbs/acre 
and are one-third to one-half the levels required by 
traditional row crops like corn. Upland switchgrass 
cultivars generally produce lower yields than 
lowland cultivars at the same N rate. In Tennessee, 
a switchgrass stand containing lowland cultivars 
(Alamo or Kanlow) that yielded 9 tons/acre/yr would 
require an estimated annual N fertilizer application 
of 55 lbs N/acre. Annual applications of 60 lbs N/
acre are recommended for established switchgrass 
stands in Tennessee. Fertilizer recommendations for 
switchgrass grown for biofuels are available based 
on soil sample analyses at the UT Soil, Plant and 
Pest Center in Nashville, TN. 

The optimum level of fertilizer application can 
depend on the type of soil. A lowland switchgrass, 
Alamo, grown on a well-drained soil in Tennessee 
reached maximum yields of 8 tons/acre at rates of 
60 lbs N/acre, while the same switchgrass grown on 
a poorly drained floodplain in Tennessee required 

Fig. 3. Average yield of upland vs. lowland switchgrass cultivars in 
eastern and western Tennessee under a single-cut harvest system 
(adapted from Fike et al., 2006)
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180 lbs N/acre to achieve the greatest yields  
(4 tons/acre). This additional nitrogen requirement 
was due in part to the need for enhanced tillering 
from the nitrogen and to overcome potential losses 
due to less nitrogen under the wet conditions. It is 
important to identify optimal N application rates, 
because N applied at rates higher than required may 
cause detrimental effects to switchgrass through 
lodging, reduced root development and decreased 
yields due to stand thinning with possible weed 
development.     

Location
Switchgrass yields can differ depending on where 
the plants are located on either a large-scale or 
small-scale basis. On a large scale, changes in 
longitude do not make a difference in switchgrass 
yields, but variations in latitude affect temperatures 
and photoperiod (day length), which can influence 
switchgrass growth (Fig. 4). For lowland cultivars, 
like Alamo, yields may increase with higher latitude 
(movement northward) and photoperiod from 30 to 
34 degrees latitude, and may decrease as latitude 
and photoperiod increase from 36 to 46 degrees 
latitude. Tennessee is located between 35 and 37 
degrees latitude, and therefore should produce the 
highest yields for these lowland cultivars. 

On the small scale, landscape differences within an 
agricultural field can also affect switchgrass yields. 
A study in Minnesota observed greater yields of 
switchgrass when grown on the summit of a hill or 
on west-facing slopes. 

Stand Age
When switchgrass is first planted, it can take a 
couple of years to become established and reach 
its full yield potential. This is because switchgrass 
initially devotes more time to establishing its 
significant root system. Fertilizers are generally 
not applied during the first year of establishment 
because they will enhance weed development more 
than switchgrass growth. During the establishment 
period, yields are usually lower than maximum 
expected yields. In a recent study in Milan, TN, 
Alamo switchgrass planted on different soil types 
exhibited the same general trend, with greater yields 
observed during the second and third season after 
planting in a single-cut harvest system. During the 
first year, yields ranged from 0.7 to 1.3 tons/acre, 
but increased by the second season to between 3 
and 5 tons/acre, and to 5-10 tons/acre by the third 
season (Fig. 5).  

Zone   Average Annual Low

  2  -40°F through -50°F

  3  -30°F through -40°F

  4  -20°F through -30°F

  5  -10°F through -20°F

  6     0°F through -10°F

  7   10°F through 0°F

  8   20°F through 10°F

  9   30°F through 20°F

10   40°F through 30°F

Fig. 4. USDA Hardiness Zone Map depicting the increase in average 
annual low temperatures with decreasing latitude.
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Harvest Frequency
Under most forage systems, multiple harvests are 
taken each season. When switchgrass is grown 
solely for bioenergy, however, yields are more 
important than nutritive contents. In general, 
multiple harvests of switchgrass can reduce future 
yields. For example, multiple annual harvests, 
even with applications of 60-120 lbs N/acre, have 
been found to reduce yields in the southern U.S. 
In Jackson, TN, a twice-cut annual harvest with N 
applications of 90 lbs N/acre was generally able to 
produce greater yields of the lowland switchgrass 
cultivars Alamo and Kanlow than under a one-cut 
system fertilized with 45 lbs N/acre. Under the same 
conditions in Knoxville, TN, however, the twice-cut 
harvest produced lower yields than the single-cut 
system. Possible reductions in yields observed in 
multiple harvest systems may be due to the loss 
of nutrients that are removed with the spring or 
summer harvests. This is because the nutrients 
within the aboveground plant tissue are not allowed 

to relocate to the roots, which usually occurs in the 
later stages of maturity. If harvests are taken before 
this occurs, then the nutrients cannot be recycled. 
Lower yields may be observed in future years if 
adequate fertilization is not applied. It is also usually 
recommended that switchgrass be harvested after 
a killing frost or later (Fig. 6). This allows for the 
greatest biomass quality for bioenergy production 
and prevents yield reductions in the following years. 
Using a one-cut system can also enhance wildlife 
by providing important habitat for grassland birds 
during the breeding season. 

Summary
In addition to erosion control and forage utilization, 
switchgrass could also be a vital bioenergy crop in 
Tennessee, due to its ability to produce high yields 
in this area of the U.S. and its ability to grow in 
marginal soils not devoted to row crops. Several 
factors, including cultivar and soil type, fertilizer 
inputs and harvest frequency, must be taken into 
consideration when trying to maximize switchgrass 
production in Tennessee. 

Further Information
To learn more about switchgrass production for 
bioenergy, see the following resources:

Bates, G., and J. Walton. Adjusting and calibrating 
a drill for planting switchgrass for biofuels. UT 
Extension #SP701-C, https://utextension.tennessee.
edu/publications/Documents/SP701-C.pdf

Garland, C.D. Growing and harvesting switchgrass 
for ethanol production in Tennessee. UT Extension 
#SP701-A, https://utextension.tennessee.edu/
publications/Documents/SP701-A.pdf

Harper, C.A., and P.D. Keyser. Potential impacts 
on wildlife of switchgrass grown for biofuels. UT 
Extension #SP704-A, https://utextension.tennessee.
edu/publications/Documents/SP704-A.pdf

Visit the TSU and UT Extension publication websites 
to find out more information on a number of 
important topics:  
http://www.tnstate.edu/agriculture/publications.aspx
 
https://utextension.tennessee.edu/publications/
Pages/default.aspx\

Fig. 5. Changes in Alamo switchgrass yield during establishment 
period on typical crop and marginal soils in Milan, TN under a 
single-cut harvest system (adapted from Mooney et al., 2009).

Fig. 6. December harvest of switchgrass at Tennessee State 
University Research and Education Center.
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Recommendations 

• Evaluate soil health periodically
(about every three years) to
document changes.

• Periodic assessments in a field should
be done by the same person, during
the same season and under similar
soil moisture conditions.

• For better assessments, base
sampling on variability in the field
such as soil, soil moisture and yield.

• Examine the distribution of indicator
values.  Even if most of the indicators
are scored 10 (healthy), the soil may
still have serious problems.

• Careful consideration should be used
to identify the cause of the problem(s).

• Impaired properties may need
immediate action and should be
closely monitored.

• Keep completed soil health cards on
file for future reference.

• For more information on soil health,
contact your local USDA Natural
Resources Conservation Service
(NRCS) office, county agent,
agribusiness or the NRCS Soil Health
website

http://www.nrcs.usda.gov/wps/portal/n
rcs/main/ga/soils/health/ 

Soil Health 
Card for 

Georgia’s Producers 

A Locally Adapted Tool  
Designed by Producers for 

Producers 

Revised September 2014 
Athens, Georgia 

USDA is an equal opportunity provider and employer 

What is Soil Health? 

The terms “soil quality” and “soil health” 
are used interchangeably. However, soil 
health refers to the function of the soil as 
a living ecosystem to support plants and 
animals. Humans also benefit from 
improved soil function. 

Soil health is very important to all people. 
Healthy soil absorbs and holds more 
water, and has better physical, chemical, 
and biological properties.  If we have 
good soil health, we will have productive 
land, good air and water quality as a 
result a healthy environment. 

How to Improve Soil Health 

Management greatly affects soil health.  
Farmers throughout Georgia are 
increasing the amount of soil organic 
matter in their land and improving the 
soil’s health and function by following 
these basic principles of soil health: 

1. Minimize disturbance due to tillage
and overgrazing

2. Diversify the soil microbes that
support plant growth by increasing
plant diversity through crop rotation,
multispecies cover crops and
forage plantings

3. Keep living roots growing throughout
the year to provide food for soil

microbes and reap the benefits of 
their presence 

4. Keep the soil covered as much as
possible to conserve soil moisture,
reduce soil temperature, prevent soil
erosion and suppress weed growth

5. Consider adding livestock, in a
managed grazing system, to a row
crop system in order to increase the
cycling of plant nutrients

6. Talk with farmers using conservation
tillage or managed grazing systems as
they can give you some ideas about
how they are changing the health of
their row crop or grazing lands.

About this Card 

The soil health card was designed and 
adapted for local use. Originally, it was 
developed by Georgia farmers in 
partnership with the Georgia 
Conservation Tillage Alliance.  

It was developed by and for producers to 
identify where improvements could be 
made and to evaluate the effect of 
changes in management on soil health. 
Assessments are about quality and not 
absolute measures.

Note the before and after conditions in the 
field to record long-term improvements in 
soil health. 

In addition to farmers, the card can also 
be used by soil conservationists, 
educators, students and garden clubs. 

http://www.nrcs.usda.gov/wps/portal/nrcs/main/ga/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/ga/soils/health/


How to Use the Georgia Health Card Tools Required: A shovel and a soil probe, or wire flag
• Turn over a shovel full of soil (about 6-8” deep) and rate each indicator by making an “X” or shading out the box that best represents the value for that indicator.
• Determine soil compaction by simply pushing the probe or wire flag into undisturbed soil and noting the resistance.
Date:_______  Evaluation by:____________________  County:____________  Farm:_________  Field:__________  Crop Rotation:_______________________________________________ 
Tillage System:________________________________________________________  Soil Moisture Level (check one)  ___Good for planting;  ___Too wet for planting;  ___Too dry for planting 

  Preferred1/   Indicator Values 
Indicator Observations  1  2   3   4   5  6   7  8   9 10 1 5 10 

1. Crop Growth Uneven stand; stunted crop 
growth; discoloring common 

Some uneven stand; stunted 
growth; slight discoloring  

Even stand; vigorous and 
uniform crop growth 

2. Soil Erosion Excessive soil movement 
by water and or wind 

Some visible soil movement 
by water and or wind 

Little or no soil erosion 
by water and or wind 

3. Crop Residue
       (right after planting) 

0-30 percent of soil surface is 
covered with crop residue  

50-70 percent of soil surface is 
covered with crop residue  

>70 percent soil surface 
covered with crop residue 

 4. Winter Cover Crop No living or dead cover on the soil 
surface  

50-90 percent of soil surface covered 
by cover crop or winter weeds 

>90 percent of soil surface  
covered with cover crop 

5. Surface Soil Color White, light gray or red Dark gray or light brown Dark brown or black 

6. Soil Tilth/Structure Hard to work 
(cloddy, hard or crusty) 

Some visible crumbly structure Easily  worked (crumbly) 

7. Water Infiltration and
Water Holding Capacity 

Excessive runoff or ponding; 
Very low water holding capacity 

Some runoff or ponding;  
Poor water holding capacity 

Very little runoff or ponding; 
Good water holding  

8. Biological Activity Little or no sign or animal 
life in the soil 

Some living organisms or signs 
or animal activity in the soil  

Numerous signs of animal 
life in the soil 

9. Compaction/Crusting Can not push probe or wire flag 
into soil; crusting is prevalent 

Can push probe or wire flag in soil 
with force; some soil crusting 

Probe or flag enters soil 
easily; no soil crusting 

10. Soil pH 2/ pH 1.0 lower than needed pH 0.5 lower than needed Proper pH for the crop(s) 

11. Soil Fertility 2/ Two elements not within 
UGA recommendations 

All elements within UGA 
recommendations 

More than two elements not  
within UGA recommendations 

12. Soil Organic Matter 2/ <1 percent in a soil sample 1-2 percent in soil sample >2 percent in a soil sample 

13. Other Indicator(s)

1/Ratings 1 to 10 are relative and determined by the user. 2/Lab analysis is needed.  Soil sample depth of six inches for conventional tillage.  However, for fields that are continously no-tilled, sample depth of six inches for P, K and organic  

matter and four inches for lime requirement (pH). 



   

 
   

Interpreting Soil Health Assessments in NH  
NH-590 Quick Reference 

 

Test Results Suggested Management Practices NH NRCS Practice  
 Short Term Long Term (code) 

Physical Concerns  

Low Aggregate 
stability 

 Incorporate fresh organic materials 
 Use shallow-rooted cover/rotation crops 
 Add manure, green manure, mulch 

 Reduce tillage 
 Use a surface mulch 
 Rotate with sod crops 

(328) Conservation Crop Rotation; (340) COVER CROP; 
(329) Residue Mgmt No-Till/Strip-Till;  
(484) Mulching;  (512) Forage & Biomass Planting;  
(528) Prescribed Grazing 

Low Available 
Water Capacity 

 Add stable organic materials, mulch 
 Add compost or biochar 
 Incorporate high biomass cover crop 

 Reduce tillage 
 Rotate with sod crops 
 Incorporate high biomass cover crop 

(328) Conservation Crop Rotation;  
(329) Residue Mgmt No-Till/Strip-Till;   
(317) Compost Facility; (340) COVER CROP;  
(484) Mulching; (512) Forage & Biomass Planting;  
(528) Presc. Grazing 

High Surface 
Hardness 

 Perform some mechanical soil loosening 
   (strip till, aerators, broadfork, spader) 
 Use shallow-rooted cover crops 
 Use a living mulch or interseed cover crop 

 Shallow-rooted cover/rotation crops 
 Avoid traffic on wet soils, monitor 
 Avoid excessive traffic/tillage/loads 
 Use controlled traffic patterns/lanes 

(328) Conservation Crop Rotation;  
(345) Residue Mgmt, Mulch Till; (340) COVER CROP; 
(484) Mulching; (528) Prescribed Grazing 
(512) Forage & Biomass Planting  
(548) Grazing Land Mechanical Trt; 

High Subsurface 
Hardness 

 Use targeted deep tillage (subsoiler, 
yeomans plow, chisel plow, spader.) 

 Plant deep rooted cover crops/radish 

 Avoid plows/disks that create pans 
 Avoid heavy loads 
 Reduce traffic when subsoil is wet 

(324) Deep Tillage; (329) Residue Mgmt, No-/Strip-Till; 
(345) Residue Mgmt, Mulch Till 
(340) COVER CROP ; (548) Grazing Land Mechanical Trt; 
(606) Subsurface Drain 

Biological Concerns  

Low Organic 
Matter  

 Add stable organic materials, mulch 
 Add compost and biochar 
 Incorporate high biomass cover crop 

 Reduce tillage/mechanical cultivation 
 Rotate with sod crop 
 Incorporate high biomass cover crop 

(328) Conservation Crop Rotation; (340) COVER CROP; 
(329) Residue Mgmt No-Till/Strip-Till;   
(317) Compost Facility; (484) Mulching;  
(528) Prescribed Grazing 
(512) Forage & Biomass Planting;  

Low Active 
Carbon 

 Add fresh organic materials 
 Use shallow-rooted cover/rotation crops 
 Add manure, green manure, mulch 

 Reduce tillage/mechanical cultivation 
 Rotate with sod crop 
 Cover crop whenever possible 

(328) Conservation Crop Rotation;  
(329) Residue Mgmt, No-Till; (340) COVER CROP; 
(345) Residue Mgmt, Mulch Till; (484) Mulching; 
(528) Presc.Grazing; (511) Forage Harvest Management;  
(512) Forage & Biomass Planting 

Low 
Mineralizable 

Nitrogen  

 Add N-rich organic matter (low C:N source 
like manure, high N well-finished compost)

 Incorporate legume or young, green cover 
crop (inoculate legume seed) 

 Adjust pH to 6.2-6.5 (helps molybdenum) 

 Reduce tillage 
 Rotate with forage legume sod crop 
 Cover crop and add fresh manure 
 Keep pH at 6.2-6.5 (helps molybdenum) 
 Monitor C:N ratio of inputs  

(328) Conservation Crop Rotation;  
(329) Residue Mgmt No-Till/Strip-Till;   
(317) Compost Facility; (340) COVER CROP;  
(512) Forage & Biomass Planting; 
(528) Prescribed Grazing ; (590) Nutrient Mgmt 

High Root  
Rot Rating 

 Use disease-suppressive cover crops 
 Biofumigate 
 Plant on ridges/raised beds 
 Monitor irrigation 

 Use disease-suppressive cover crops 
 Increase diversity of crop rotation 
 Sterilize seed and equipment 
 Improve drainage/monitor irrigation 

(328) Conservation Crop Rotation;  
(346) Residue Mgmt, Ridge Till; 
(340) COVER CROP; (449) Irrigation Water Mgmt; 
(595) Integrated Pest Mgmt; (606) Subsurface Drain 



   

 
   

Interpreting Soil Health Assessments in NH  
NH-590 Quick Reference 

 

1Cornell Soil Health results do not report salinity (soluble salts) unless requested. Salinity is primarily an issue for soils in high tunnels. Consider testing soluble salts through UNH using the High Tunnel test. 
Job sheet adapted from the Cornell Soil Health Manual http://soilhealth.cals.cornell.edu/extension/manual.htm by Brandon Smith, NH NRCS State Agronomist (brandon.smith@nh.usda.gov or 603-868-9931). 

 

Test Results Suggested Management Practices Test Results 
 Short Term Long Term (code) 
Chemical Concerns  

Low pH 
 Add lime or wood ash per soil test recs 
 Add calcium sulfate (gypsum) in addition 

to lime if aluminum is high 
 Use less ammonium or urea 

 Test soil annually & add “maintenance” 
lime per soil test recs to keep pH in 
range 

 Raise organic matter to improve 
buffering capacity  

(340) COVER CROP;  
(512) Forage & Biomass Planting; 
(590) Nutrient Mgmt 

High pH  Stop adding lime or wood ash 
 Add elemental sulfur per soil test recs 

 Test soil annually 
 Use  higher % ammonium or urea (590) Nutrient Mgmt 

Low 
Phosphorus 

 Add P amendments per soil test recs 
 Use cover crops to recycle fixed P 
 Adjust pH to 6.2-6.5 to free up fixed P 

 Promote mycorrhizal populations 
 Maintain a pH of 6.2-6.5 
 Use cover crops to recycle fixed P 

(340) COVER CROP;  
(590) Nutrient Mgmt 

High 
Phosphorus 

 Stop adding manure and compost 
 Choose low or no-P fertilizer blend 
 Apply only 20 lbs/ac starter P if needed 
 Apply P at or below crop removal rates  

 Use cover crops that accumulate P and 
export to low P fields or offsite 

 Consider low P rations for livestock 
 Consider phytase for non-ruminants 

(340) Cover Crop;  
(393) Filter Strip; 
(484) Mulching;  
(590) Nutrient Mgmt; 
(633) Waste Recycling 

Low 
Potassium 

 Add wood ash, fertilizer, manure, or 
compost per soil test recs 

 Use cover crops to recycle K 
 Choose a high K fertilizer blend 

 Use cover crops to recycle K 
 Add “maintenance” K per soil recs each 

year to keep K consistently available  

(340) COVER CROP;  
(590) Nutrient Mgmt 

High 
Potassium 

 Stop adding high K fertilizer or manure 
 Grow high K removing crops 

 Use cover crops to accumulate K and 
export to low K fields or offsite 

(340) COVER CROP;  
(590) Nutrient Mgmt 

Low 
Micronutrients 

 Add chelated micros per soil test recs 
 Use cover crops to recycle micronutrients 
 Do not exceed pH 6.5 for most crops 

 Promote mycorrhizal populations 
 Improve organic matter 
 Decrease soil P (binds micros) 

(340) COVER CROP;  
(590) Nutrient Mgmt; 
(633) Waste Recycling 

High 
Micronutrients 

 Raise pH to 6.2-6.5 (for all high micros 
except Molybdenum) 

 Do not use fertilizers with micronutrients 

 Maintain a pH of 6.2-6.5 
 Monitor irrigation/improve drainage 
 Improve soil calcium levels 

(449) Irrigation Water Mgmt; 
(512) Forage & Biomass Planting; 
(590) Nutrient Mgmt; (606) Subsurface Drain 

High Salinity1 

 Leach soils 
 Use fertilizers with a low salt index (avoid 

chlorine and ammonium/urea fertilizers) 
 Do not use Chilean nitrate 

 Test compost for soluble salts 
 Use electroconductivity meter to monitor 

salts in the soil and irrigation water 
 Improve drainage 

(449) Irrigation Water Mgmt; 
(512) Forage & Biomass Planting; 
(590) Nutrient Mgmt; (606) Subsurface Drain 
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