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This study examines the feasibility of producing sweet sorghum as an ethanol
feedstock in Mississippi. An enterprise budgeting system is used along with estimates of
transportation costs to estimate farmers’ breakeven costs for producing and delivering
sweet sorghum biomass. This breakeven cost for the farmer, along with breakeven costs
for the producer based on wholesale ethanol price, production costs, and transportation
and marketing costs for the refined ethanol, is used to estimate the amounts that farmers
and ethanol producers would be willing to accept (WTA) and willing to pay (WTP),
respectively, for sweet sorghum biomass. These WTA and WTP estimates are analyzed
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and stochastic models are used to estimate profits for sweet sorghum and competing
crops in two representative counties in Mississippi, with sweet sorghum consistently
yielding negative per-acre profits in both counties.
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CHAPTER I
INTRODUCTION
American dependence on foreign supplies of crude oil has raised concerns
pertaining to national security, both militarily and economically. As such, American
policymakers have instituted various laws concerning the production of so-called
“alternative” fuels. Specifically, much of the research has centered on ethanol production.
Ethanol is a colorless hydrocarbon used as a solvent, a raw material for the production of
spirits, and a transportation fuel (Berg, 2004). In the United States the primary ethanol
feedstock is corn; however, with recent developments, new and different sources of
ethanol are emerging.
Sweet sorghum, also called “sorgo,” a member of the sorghum family, is
primarily used for fodder and the production of sorghum syrup. It is a warm-weather
suited crop that is highly tolerant of drought and high temperatures (Mask and Morris,
1991). Sweet sorghum is touted as a viable candidate for ethanol production due to its
high volume of fermentable carbohydrates and relatively low input costs (Bennett and
Anex, 2009; Bellmer et al., 2008).
Concerns over the use of corn and other crops which are primarily used for human
consumption and livestock feed to produce ethanol contributing to higher food and feed
prices have increased attention on “advanced” biofuel such as cellulosic ethanol and
ethanol from high sugar content feedstocks (Capehart, 2008). This “Food vs. Fuel”
debate, which examines the role that increased ethanol consumption has played in
1

increases of the prices of agricultural commodities (Gecan, et al., 2009), has become a
serious issue in the minds of many people (Carney and Carter, 2007). While there is
dispute as to the magnitude of the effect of ethanol consumption on food prices, this
debate has still spurred research into different biofuel feedstocks.
Although various alternatives to corn have been examined for their ethanolproducing capabilities, little has been done to address relevant economic issues associated
with such production. Specifically, the economic feasibility of producing sweet sorghum
as an ethanol feedstock, especially in the Southeastern United States, has not been
adequately addressed in present literature. Groups such as the American Society of
Agricultural and Biological Engineers and the International Crops Research Institute for
the Semi-Arid Tropics claim the viability of sweet sorghum as a biofuel feedstock
(Kundiyana, et al., 2006; Reddy, et al., 2008), but emphasis has been on the technical
aspects of obtaining the fermentable carbohydrates from the plant itself, as opposed to
identifying the costs of ethanol production from sweet sorghum on a large scale. Issues
in this area include farm-gate costs of producing sweet sorghum, fermenting the juice
derived from sweet sorghum into ethanol, transportation costs for the feedstock, whether
transporting recently cut stalks or expressed juice, and the difference in the potential
profits from sweet sorghum as a biofuel feedstock and competing crops.
Objectives
The objective of this research is to ascertain the economic feasibility of producing
sweet sorghum as a biofuel feedstock in Mississippi. The specific objectives include:
1. Determine the cost of producing sweet sorghum as an ethanol feedstock in
Mississippi through the use of enterprise budgeting.
2

2. Identify the potential biomass and ethanol yields of sweet sorghum.
3. Identify the cost of ethanol production using sweet sorghum as a feedstock.
4. Determine the effect of various factors within the feedstock and ethanol
producing processes on ethanol producing firms’ willingness to pay, and farmers’
willingness to accept, for sweet sorghum biomass through sensitivity analysis.
5. Determine the potential profits to farmers of sweet sorghum biomass to evaluate
the competitiveness of sweet sorghum with other major crops in Mississippi
through the use of deterministic and stochastic models.

This research will assist in determining the economic viability of ethanol
production from a crop that has been suggested as a biofuel feedstock, but has not been
fully examined in present literature. Through this research, farmers will be able to make
informed decisions about the potential for producing sweet sorghum as a biofuel
feedstock. Also, this research will assist biofuel producing firms in deciding whether or
not to invest resources into the use of sweet sorghum as a dedicated energy crop. Finally,
policy-makers will have the opportunity to examine the effects of current laws on the
economic feasibility of non-corn ethanol production.
Organization of Thesis
Chapter II of this thesis gives a review of current scientific literature from various
disciplines involving the production of sweet sorghum, ethanol production and
processing, and current laws related to biofuel production. Chapter III outlines the
conceptual framework of this thesis, giving the theory and work upon which this thesis is
based. Chapter IV discusses the enterprise budgets constructed for this thesis. Various
inputs required for producing sweet sorghum are discussed, leading to an estimation of
3

the cost of producing an acre of sweet sorghum biomass. Chapter V examines the effect
of key factors in the biomass and ethanol producing processes on farmers’ willingness to
accept compensation and ethanol producers’ willingness to pay for sweet sorghum
biomass. Chapter VI examines estimates profits for sweet sorghum through both
deterministic and stochastic models, and compares those profits to estimated profits for
competing crops in counties representative of distinct agricultural production areas in
Mississippi. Finally, Chapter VII draws conclusions from this research and offers
recommendations for further research on the economic feasibility of producing sweet
sorghum as an ethanol feedstock.
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CHAPTER II
LITERATURE REVIEW
The purpose of this chapter is to explore the scientific literature concerning
ethanol, including production and current feedstocks, and the agronomic and industrial
practices involved in producing, harvesting and processing sweet sorghum. This chapter
also discusses current U.S. government policy pertaining to biofuel production.
Ethanol
Ethanol is an alcohol with the chemical formula C2H5OH (Gnansounou, et al.
2005). While the end product is homogeneous, ethanol can be separated into two distinct
classes by feedstock: non-renewable synthetic alcohol which is derived from crude oil,
gas, or coal, and renewable agricultural alcohol, which is derived from grains, molasses,
cellulosic material, and other agricultural feedstocks. Roughly 95% of ethanol produced
is agricultural alcohol (Berg, 2004). Further differentiation of ethanol types is also found
in specific laws, including “cellulosic ethanol,” “advanced ethanol” and “conventional
ethanol” (see Appendix A for definitions of these types of ethanol). Ethanol has several
uses, including alcoholic beverages, solvents, and fuel, the latter becoming more
prevalent in the current world energy climate (Berg, 2004). Production of fuel ethanol
has greatly increased from a few hundred million gallons in 1980 to 9 billion gallons in
2009 (Shapouri, et al. 2006; Renewable Fuels Association, 2009), with more expansion
anticipated.
5

In the U.S., corn is the primary feedstock for ethanol. Nearly 4 billion bushels of
corn were used to produce more than 90% of domestic ethanol in 2007 (see Figure 2.1).
However, other countries utilize different feedstocks for ethanol. Most notably, Brazil
uses sugarcane as their primary ethanol feedstock under the Brazilian Alcohol Program,
also known as PROAL-COOL (Goldemberg, et al., 2004). Using sugar based biofuel
feedstocks (as opposed to starch based feedstocks, such as corn) in the U.S. has been
discussed, with Shapouri, et al. (2006) providing a comparison of domestic sugarcane
based ethanol costs and benefits with those of corn. Shapouri, et al. (2006) concludes
that the costs of producing ethanol “using sugarcane, sugar beets, raw sugar, and refined
sugar as feedstocks are more than twice the production cost of converting corn to
ethanol,” and that following the Brazilian model is not feasible given current U.S. sugar
policy.

Figure 2.1

Corn Production and Use for Fuel Ethanol

Source: Alternative Fuels & Advanced Vehicles Data Center, 2010
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Economic analyses of ethanol production from a variety of different feedstocks
have been performed. Some, such as Koo and Taylor (2008) and Eidman (2007) have
focused on the economics of corn-based ethanol. Others, such as Outlaw, et al. (2007) ,
Shapouri, et al. (2006), Petrolia (2008), and Miranowski and Rosburg (2010) have
examined ethanol production from alternative feedstocks, such as sugarcane, sugar beets,
and cellulosic biomass. An examination of these studies gives important insight into
factors that pertain to economic analyses of biomass and ethanol production.
Eidman (2007) gives a thorough overview of ethanol production costs in the
United States. This work examines the role that various factors, including crude oil price,
feedstock price, and energy costs, play in the overall profitability of ethanol producing
plants. While Eidman (2007) focuses on the various aspects of corn-based ethanol, it is
assumed that many of the same factors will also heavily influence the production of sweet
sorghum-based ethanol. Of particular importance to this research are Eidman’s assertions
about the netback price of ethanol. The netback price is defined as the wholesale (or
“rack”) price of ethanol, minus transportation and marketing costs. Using the netback
price, Eidman (2007) determines the price that ethanol producers are willing to pay for
feedstock. Eidman’s (2007) transportation and marketing cost of $0.20 per gallon of
refined ethanol is used extensively in this research, and is the basis for sensitivity
analysis, and the figures for ethanol production costs from corn are compared to the costs
of sugar-based ethanol processing from Rahmani and Hodges (2009) and Rains, et al.
(1993).
Hofstrand (2010) examined the profitability of a corn-based ethanol plant in Iowa.
His model makes use of an Excel spreadsheet program to account for different costs
within the ethanol production process, such as feedstock cost, labor, depreciation,
7

chemicals, and energy. Several different assumptions are made in Hofstrand’s (2010)
model, including 50 percent equity financing on the project, a 120 million gallon per year
operating capacity, total construction cost of $211,000,000, and straight line depreciation
of the plant assets. Hofstrand (2010) estimates that fixed costs, such as interest, labor and
management, taxes, and depreciation, will be $0.21 per gallon of ethanol produced.
Outlaw, et al. (2007) examined the feasibility of sugarcane-based ethanol in
Texas. Specifically, this research modeled the feasibility of integrating ethanol
production with existing sugarcane mills so that the mills would produce both ethanol
and refined sugar. Monte Carlo simulation was used to estimate probability distributions
for the net present value (NPV) of such a dual-purpose mill. Stochastic variables in this
model included the feedstock yield and sugar content, along with prices for the feedstock,
unleaded gasoline, energy, and ethanol (Outlaw, et al., 2007). By using the summary
statistic “probability of economic success,” Outlaw, et al. (2007) estimated the
probability that the NPV of the sugar/ethanol mill will be positive. The result of this
research showed that such a plant had a 100% probability of economic success, with a
minimum NPV of $4.7 million and a maximum of $90.4 million. These results show that
there is the potential for non-corn ethanol production in the United States to be profitable.
Petrolia (2008) considered the economic feasibility of ethanol production from
corn stover in Minnesota. Corn stover, a relatively abundant source of biomass, with
about 75,000 tons produced in the U.S. annually, may be useful as a cellulosic ethanol
feedstock (Petrolia, 2008). Petrolia (2008) estimated feedstock costs for biomass-toethanol conversion facility by determining different factors in the cost of the feedstock,
such as county specific crop yields, biomass collection efficiency, and moisture content.
These costs were estimated in two collection scenarios: one involves the collection of
8

stover into square bales, while the other involves collection of stover into lighter round
bales (Petrolia, 2008). Monte Carlo simulation was used in order to conduct sensitivity
analysis on key factors in feedstock cost, making assumptions about the distributions of
the various factors under analysis (Petrolia, 2008). This simulation, with 10,000
observations, was accomplished using Crystal Ball software in Microsoft Excel. Results
of the simulated costs showed that 90 percent of costs were below $61.69 per ton for the
rectangular bales, and $70.76 per ton for the round bales.
Miranowski and Rosburg (2010) consider the economic feasibility of ethanol
production from cellulosic biomass. This research provides a useful look at a potential
biofuel feedstock which currently has no market price, much like sweet sorghum.
Mrinanowski and Rosburg (2010) make use of the Biofuel Breakeven (BIOBREAK)
model to represent feedstock supply systems and the biofuel refining process. This
system is utilized to estimate the biomass supplier’s Willingness to Accept (WTA) and
the ethanol processor’s Willingness to Pay (WTP) for biomass. Monte Carlo simulation
was used to simulate different scenarios of oil price, conversion rates, and government
policies. The difference between the processor’s WTP and the supplier’s WTA was
calculated from the results of this simulation, with results showing a mean and 90%
confidence interval for this difference to be strictly negative, meaning no market exists.
Miranowski and Rosburg (2010) further calculated carbon credits needed to sustain
ethanol production from cellulosic feedstocks. Miranowski and Rosburg (2010)
concluded that, in the absence of any government programs, such as the cellulosic
ethanol tax credit of $1.01 per gallon, there would be no market for any of the feedstocks
examined, assuming a price of $75 per barrel for crude oil.
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Sweet Sorghum
Sweet sorghum (Sorghum bicolor L. Moench) is a plant of tropical origins grown
as a forage crop or for sorghum syrup in the United States (Lueschen, et al., 1991; Mask
and Morris, 1991). It is a highly drought-resistant crop that is well adapted to temperate
climates, being grown in Europe, Asia, Australia, Africa, and in the U.S., where it is a
viable crop as far north as Iowa (Baldwin, 2008). Since the 1970s, sweet sorghum has
been explored as a feedstock for ethanol (Tsuchihashi and Goto, 2005). Ethanol yields in
tropical countries have been higher than those of corn, while yields in more temperate
climates comparing favorably with corn (Putnam, et al., 1991).
The primary use for sweet sorghum is the production of sorghum syrup, mostly in
the southeastern U.S. (Mask and Morris., 1991), although the crop, as mentioned earlier,
is also grown for fodder. As a crop, it is relatively low input, requiring less water and
often less fertilizer than other ethanol feedstocks, such as corn, or similar high sucrose
crops, such as sugarcane (Reddy, et al., 2008). Research has been performed to ascertain
fermentable sugar yield response to the level of fertilizer application, lime application,
row spacing, and other agronomic practices by various sweet sorghum cultivars, with
varying results (Broadhead and Freeman, 1980; Widenfeld, 1984).
Broadhead and Freeman (1980) established that sweet sorghum planted on narrow
rows (21inches) produced higher fermentable sugar content per acre than planting on
conventional rows (41 inches). However, these more narrow rows were “inferior to
conventional rows” in various aspects, such as yield of refined sugar per ton of stalks
(Broadhead and Freeman, 1980). Also, information from the Alabama Cooperative
Extension Service indicates that sweet sorghum should be grown on rows from 36 to 42
inches apart, as wider rows tend to decrease yield (Mask and Morris, 1991). No
10

consequences for narrow plant spacing are given by Mask and Morris (1991). While
lowering the volume of refined granulated sugar produced from sweet sorghum per acre,
narrow rows can “significantly increase the yield of ethanol” per acre (Broadhead and
Freeman, 1980).
The efficient rate of fertilization for sweet sorghum is debated in currently
available literature and amongst agronomists. Baldwin (2008) states that the acceptable
rate of nitrogen fertilizer application for sweet sorghum is 80 pounds per acre. Widenfeld
(1984) found that ethanol yields increase in response to nitrogen application up to around
100 pounds per acre, but no discernable improvement in ethanol yield was observed at
200 pounds per acre, due to decreased nitrogen uptake at the higher fertilization level,
and the complimentary relationship between nitrogen uptake and ethanol yield. Mask
and Morris (1991) state that a 1:1:1 ratio of nitrogen, phosphate, and potash (40 pounds
each per acre) on a well-drained, silt loam soil is acceptable for sweet sorghum growth.
They suggest that application of any of these nutrients should not exceed 50 pounds per
acre. However, on high fertility soils, only nitrogen is needed (Mask and Morris, 1991).
Due to its nature as a warm-weather suited crop, sweet sorghum produces best
when planted in late spring/early summer. Hipp, et al. (1970) found that yield was
maximized by planting in May in the lower Rio Grande Valley of Texas and northern
Mexico, with somewhat lower yields from April plantings, and much lower yields in
March, July, August and September plantings. This research also found that harvesting
114 to 125 days after planting (DAP) resulted in highest yields for all varieties of sweet
sorghum, corresponding with research by Smith, et al. (1987). Tew, et al. (2008) found
sweet sorghum yields increased up to 119 DAP; beyond that, yields did not increase. A
growing season of mid-April to mid-August hinders the possibility of a ratoon (also
11

known as a “stubble crop,” where the lower part of the plant is left in the ground after
harvest for a second growth, and therefore a second harvest) for sweet sorghum, as
typical first frost in Mississippi comes during mid-October to early November (National
Oceanic and Atmospheric Administration, 1988). A ratoon for sweet sorghum would
need 85 to 95 days to develop after initial cutting (Ranola, et al., 2007). Taking into
consideration a first harvest date of 15 August, frost would stop the second growth of
sweet sorghum before sufficient maturity for harvest could be attained.
As it is somewhat of a specialty crop with relatively small amounts grown, sweet
sorghum is often harvested by hand. However, larger areas require machinery to realize
the full potential of sweet sorghum harvests (Mask and Morris, 1991). Bennett and Anex
(2009) tested the effect of several different types of harvest systems in the upper
Midwest, including a two-row tractor-pulled system, a four-row self-propelled harvester,
and a hypothetical four-row self propelled mobile juice harvester that was, at that time,
still in the testing phase. Such mobile juice harvesters are still not commercially
available, and prototype harvesters dedicated for use on sweet sorghum have faced
technical difficulties (Robinson, 2007). However, work by the Memphis BioWorks
Foundation on test plots in Whiteville, TN suggests that two-row tractor pulled forage
harvesters work well for sweet sorghum (Powell, 2009).
A natural part of the discussion of any new ethanol feedstock is a comparison to
corn, as it is the baseline for ethanol production in the U.S. Putnam, et al. (1991)
evaluated sweet sorghum in the Corn Belt as an alternative source of ethanol. They
found that several cultivars of sweet sorghum could compete with corn in ethanol
production, although there was a severe problem with the crop falling or bending over
(known as “lodging”). Also, there is the need for harvesting equipment especially for
12

sweet sorghum, a viable method of crop storage, and an efficient method of juice
extraction (Putnam, et al., 1991). These issues present a problem for using sweet
sorghum as a dedicated bioenergy crop. However, energy costs for producing sweet
sorghum may be lower than corn due to lower requirements for nitrogen fertilizer and
less requirement for pre-fermentation processing, leading to a potentially lower cost per
gallon of ethanol (Putnam, et al., 1991).
Ethanol Production from Sweet Sorghum
Utilization of sugar crops, such as sugarcane, sugar beets, and sweet sorghum for
ethanol production is a fairly well established process (Shapouri, et al., 2006;
Gnansounou, et al., 2005). These crops present a unique opportunity, due to the fact that
the technology involved is relatively simple (Smith, et al., 1987). The attraction of this
process is increased due to low loss of energy content of the sugar crop in fermentation
and conversion to ethanol, as compared to other biofuel sources such as corn or cellulosic
feedstocks.
Gnansounou, et al. (2005) gives an overview of the process involved in
converting sugar crops (specifically sweet sorghum and sugarcane) into ethanol. The
initial stage of post-harvest processing is juice extraction, which is usually accomplished
through the use of a mechanized roller press. The cane passes through the roller by a
system of conveyer belts, with the juice being removed and the crushed stalk set aside for
possible future use, such as animal feed or pulp products (Reddy, et al., 2008). The
sweet juice (or syrup) is collected, inoculated with yeast, and fermented. After removing
the yeast using a centrifuge, ethanol is recovered from this “fermentation broth” (also
referred to as “beer” or “wort”) by means of distillation and dehydration, where water is
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removed from the beer. The result of the distillation and dehydration is anhydrous
ethanol (ethanol that is completely devoid of water) (Gnansounou, et al., 2005).
Rahmani and Hodges (2009) examined different feedstocks for ethanol
production in Florida, including corn, citrus byproducts, sugarcane, and sweet sorghum.
Their research indicates that the conversion factor of sweet sorghum can range from 22 to
48 gallons per dry ton, depending on the cultivar of sweet sorghum used. Given the
relationship between dry and wet biomass from Baldwin (2010), this yields a conversion
factor of 6.6 to 14.4 gallons per wet ton of biomass. Rahmani and Hodges (2009) also
estimated that the cost of processing sweet sorghum into ethanol was $0.75 per gallon of
ethanol, a number based on other sugar to ethanol processing models.
Ratnavathi, et al. (2010) examined the potential ethanol yield from different sweet
sorghum cultivars in India. Five different cultivars, Keller, SSV 84, Wray, NSSH 104,
and BJ 248, were examined for biomass yield, stalk sugar content, and ethanol yield.
Ethanol production ranged from 167.84 gallons per acre (Wray cultivar) to 481.08
gallons per acre (SSV 84 cultivar), with an average ethanol yield of 295.95 gallons per
acre (Ratnavathi, et al., 2010).
Bellmer, et al. (2008) discusses various issues concerning juice extraction and
yeast inoculation and their effect on the ethanol produced from sweet sorghum. A point
of interest in their study was the effect of the timing of yeast inoculation on sweet
sorghum syrup. Bellmer, et al.’s (2008) results point to sharply declining ethanol
production as inoculation is delayed, with ethanol yield approaching zero when
inoculation is delayed for thirty-six hours. Ethanol yield was highest when inoculation
occurs within four hours (Bellmer, et al., 2008). Yeast inoculation levels in this study
were limited to one gram of dry yeast per gallon of sweet sorghum juice. The effect of
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type of yeast (high performance yeast, brewer’s yeast, or normal bread yeast) was not
discussed (Bellmer, et al., 2008). Kundiyana, et al. (2006) showed that Fermax yeast
performs better than the other varieties studied and that adjusting the pH of the juice does
little to enhance ethanol production.
Storing sweet sorghum presents a problem in the production process. Bennett and
Anex (2009) stated that harvested sweet sorghum should be processed quickly so as to
reduce the rapid loss of sugar that can occur within the first twenty-four hours after
harvest. This contrasts with grain maize, which does not face such storability issues
(Smith, et al., 1987). Various methods have been proposed, including cold storage of
whole sweet sorghum stalks, which maintains fermentable carbohydrate levels up to 150
days without significant losses (Cundiff and Parish, 1983). However, due to sheer
material bulk and the costs of handling, this method is impractical in an industrial setting
(Bennett and Anex, 2009).
An alternative to whole-stalk storage is storage of fermented juice. Relatively
quick inoculation with yeast renders the juice storable for long periods of time (Baldwin,
2008). By using this stabilized juice as the ethanol feedstock, and thus having a viable
amount of feedstock that could be processed year-round, Bennett and Anex (2009) assert
that smaller processing facilities would reduce “required capital investments while also
providing more stable employment opportunities.” However, Rains, et al. (1993)
propose the use of a larger centralized ethanol producing facility, dedicated to using
sweet sorghum as a feedstock, if that feedstock can be used for year-round ethanol
production. Such a facility would be responsible for all harvesting, transportation, and
processing of the sweet sorghum crop (Rains, et al., 1993).
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Biofuel Policy
Biofuel policy in the U.S. is also a subject of interest in this research. In recent
years, such policy has evolved along with the goals of U.S. energy policy to include a
promotion of biofuel use as an alternative to petroleum (Yacobucci, 2008a). Various
sources, from Congressional Research Service reports, current laws (such as the Energy
Policy Act of 2005, the Energy Independence and Security Act of 2007 and the Food,
Conservation, and Energy Act of 2008, also referred to as the 2008 Farm Bill), and
correspondence with government officials help to give a more complete picture of current
biofuel policy, especially with regard to ethanol.
Arguments over the use of corn as an ethanol feedstock in the U.S. have gained
national prominence, as over 20% of the 2007 U.S. corn crop was used in ethanol
production (Outlaw, et al., 2007). The “Food vs. Fuel” argument is reflected in current
U.S. biofuel policy, including mandates under the Energy Independence and Security Act
(2007) that nearly 60% of all renewable fuel be produced from non-corn sources (i.e.,
“advanced biofuel”) by the year 2022, with over 76% of advanced biofuel coming from
cellulosic material (Energy Independence and Security Act, 2007). While many firms are
currently pursuing cellulosic ethanol, others have touted the possibilities of utilizing
sugar-based crops for biofuel production, pointing to the ease of conversion of such a
feedstock and referring to sugar based ethanol as “low hanging fruit” in the bioeconomy
(Robinson, 2009).
Yacobucci (2008a) gives background information on public policy dealing with
ethanol. His report examines the interaction between government and the fuel ethanol
market, particularly in the area of federal incentives, including the assertion that some
have “argued that the fuel ethanol industry could scarcely survive without these
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incentives” (Yacobucci, 2008a). Yacobucci (2008a) outlines some of these incentives,
including what was, prior to 2004, an effective 52 cent per gallon subsidy of ethanol. In
the 2008 Farm Bill (Food, Conservation and Energy Act, 2008), this subsidy was
replaced “with an income tax credit of 51 cents per gallon of pure ethanol used in
blending” (Yacobucci, 2008a). Such incentives allow ethanol to compete, on a per unit
basis, with gasoline, although it is still found to be more expensive when compared on an
equivalent energy basis, as it takes roughly 1.51 gallons of ethanol to equal the energy
content found in one gallon of gasoline (Yacobucci, 2008a).
A major part of current U.S. biofuel policy is the Renewable Fuel Standard (RFS).
Established by the Energy Policy Act of 2005 and expanded by the Energy Independence
and Security Act of 2007, the RFS requires the blending of renewable fuels into all
transportation fuels, including gasoline and diesel (Yacobucci, 2008b; Energy
Independence and Security Act, 2007). These requirements, outlined in Section 202 of
the Energy Independence and Security Act, are summarized in Table 2.1. Additionally,
mandates are set for quantities of cellulosic biofuel and biomass based diesel in this piece
of legislation.
The 2008 Farm Bill expanded on the RFS mandates by altering a tax credit for
suppliers who blend gasoline and ethanol that had been previously established by the
American Jobs Creation Act of 2004 (Yacobucci, 2008b). The previous legislation had
set the credit at 51 cents per gallon; under the 2008 Farm Bill, the credit was decreased to
45 cents per gallon the year after the U.S. produced or imported 7.5 billion or more
gallons of ethanol, a figure that was surpassed in 2008, when the U.S. produced 9 billion
gallons of ethanol (RFA, 2009). In addition to this credit, the Internal Revenue Service
also administers the Small Ethanol Producer Credit (Yacobucci, 2008b). This is a 10 cent
17

per gallon credit that may be applied to the first 15 million gallons of ethanol produced
by a small producer in a given year; a small producer is classified as a producer with a
capacity below 60 million gallons per year (Yacobucci, 2008b; Internal Revenue Service,
2009).

Table 2.1

Renewable Fuel Standard Mandates for Conventional and Advanced Biofuel

Applicable
Applicable
volume of
volume of
renewable fuel
advanced
Calendar (billions of
biofuel (billions
Year
gallons)
of gallons)
2010
12.95
0.95
2011
13.95
1.35
2012
15.20
2.00
2013
16.55
2.75
2014
18.15
3.75
2015
20.50
5.50
2016
22.25
7.25
2017
24.00
9.00
2018
26.00
11.00
2019
28.00
13.00
2020
30.00
15.00
2021
33.00
18.00
2022
36.00
21.00
Source: Energy Independence and Security Act, 2007
A point of contention between the Energy Independence and Security Act and the
Food, Conservation and Energy Act of 2008 is the differing definitions these two pieces
of legislation incorporate. While they agree on definitions of biofuel, there is a difference
in how they address advanced biofuel. For instance, Section 9001 of Title IX in the 2008
Farm Bill defines “advanced biofuel” as “fuel derived from renewable biomass other than
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corn kernel starch” (Food, Conservation and Energy Act, 2008). However, the Energy
Independence and Security Act adds the caveat that such fuel must have “lifecycle
greenhouse gas emissions…that are at least 50 percent less than baseline lifecycle
greenhouse gas emissions” (Energy Independence and Security Act, 2007). Discussion
with Yacobucci indicates that there is no consensus on how these “lifecycle greenhouse
gas emissions” are determined, due to “the nature of the science being so unsettled”
(Yacobucci, 2009). However, Yacobucci (2009) indicated that the definition found in the
2008 Farm Bill applies only to programs included in the bill, such as the Bioenergy
Program and the Biorefinery Assistance Program, whereas the Energy Independence and
Security Act definition applies to all other incentive programs.
Taheripour and Tyner (2007) examined the share of biofuel subsidies captured by
different players in the biofuel market. Using several theoretical models to examine price
elasticities, Taheripour and Tyner (2007) found that subsidies would be passed along to
the farmer from the ethanol producer in a market with a renewable fuel standard. The
share received by the farmer increases with the percentage of quantity produced that goes
into biofuel production. In this research it is assumed that all sweet sorghum biomass is
used in biofuel production (as opposed to sorghum syrup) and that the entire government
credit is passed along to the farmer.
Presently, only the $0.45 per gallon ethanol subsidy and, assuming the constraints
on plant size are met, the $0.10 per gallon Small Ethanol Producer Credit are applicable
to sweet sorghum-based ethanol. While sweet sorghum-based ethanol may fall under the
category of “advanced” biofuel, pending approval by the Environmental Protection
Agency (Yacobucci, 2009), there is currently no added incentive for this category of
biofuel, unlike cellulosic ethanol (Energy Independence and Security Act, 2007).
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CHAPTER III
CONCEPTUAL FRAMEWORK
The purpose of this research is to ascertain the economic feasibility of producing
sweet sorghum as an ethanol feedstock in Mississippi. In order to do this, an enterprise
budgeting framework is used to estimate farmers’ breakeven costs of producing sweet
sorghum biomass. The cost of production is estimated by constructing enterprise budgets
using the Mississippi State Budget Generator (Laughlin and Spurlock, 2003). These
production costs, along with estimates of transportation costs for the biomass from the
field to the refinery, help estimate a minimum price that the farmer would be willing to
accept (WTA) to produce sweet sorghum biomass. Furthermore, costs associated with
the production of ethanol from sucrose-based feedstocks are used to estimate the
maximum price that ethanol producing firms would be willing to pay (WTP) for sweet
sorghum biomass. Varying key factors within the cost structure of both biomass and
ethanol production helps determine the effect of those factors on farmers’ WTA and
ethanol producers’ WTP for biomass.
Also, models are constructed using two counties representative of distinct
production areas in Mississippi to determine the potential profits of sweet sorghum and
crops that would compete for the same land resources. A deterministic model makes use
of average prices for wholesale ethanol and corn, cotton, and soybeans, along with
estimated per-acre production costs from planning budgets published by Mississippi State
University’s Department of Agricultural Economics and transportation costs for biomass
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to estimate profits in Bolivar and Monroe Counties. The stochastic model makes use of
the Phoon, Quek, and Huang (PQH) method, first described by Phoon, et al. (2004) and
used in an agricultural setting by Anderson, et al., (2009), for simulating correlated
variables. The simulated variables in this case are wholesale ethanol prices and prices for
corn, cotton, and soybeans. These prices, along with expected yields and production
costs for the various crops, are used to estimate a distribution of profits to sweet sorghum,
corn, cotton, and soybeans in Bolivar and Monroe Counties.
Profit Maximization
In this research it is assumed that both the farmer and the ethanol producing firm
are profit maximizers. While there are a multitude of assumptions that could be made as
to the goals of individuals in a market, profit maximization has a well-established history
in economic literature, with authors citing its plausibility due to potential punishment for
non-profit maximizing firms in competitive markets, along with the fact that the stated
goal of a firm is often to maximize profits (Beattie and Taylor, 1985; Nicholson and
Snyder, 2008; Perloff, 2007). It is also assumed that both the biomass producer (farmer)
and the ethanol producer are competitive firms, which leads to specific conditions in
terms of profit maximization.
In order to understand profit maximization, one must begin with a basic profit
function. Profit (π) is the difference between a firm’s total revenues (TR) and its total
costs (TC), which is made up of variable costs (VC) and fixed costs (FC). The revenues
and costs indicated here are functions of the output level (q) that the firm decides to
produce. Costs are not only the explicit costs associated with production, but also

21

opportunity costs, or costs forgone by not choosing the next best alternative. A standard
profit function is shown in Equation (1).

π (q) = TR (q) − TC (q ) ≡ TR (q ) − VC (q ) − FC

(1)

For profit maximization, the first order condition (FOC) must be satisfied
(Perloff, 2007). This condition is that the first derivative of the profit function must be
equal to zero, as seen in Equation (2). As such, the difference between first derivatives of
TR (TR’(q), or marginal revenue, MR) and TC (TC’(q) or marginal cost, MC) must also
equal zero. By rearranging Equation (3), the decision rule guiding optimal production
decisions is derived (Equation (4)). At this point, the optimum, or profit maximizing,
level of output is derived.
dπ (q ) dTR (q ) dTC (q )
≡
−
=0
dq
dq
dq

(2)

π ' (q ) = MR − MC = 0

(3)

MR = MC

(4)

A second condition must be satisfied in order to determine if π(q) is truly
maximized (Chiang and Wainwright, 2005). This condition, known as the second order
condition (SOC), examines the second derivative of the profit function found in equation
(1). For profit to be maximized at the output level that satisfies the first order condition,
the second derivative must be negative.
d 2π
≡ π ' ' (q) = TR ' ' (q) − TC ' ' (q ) < 0
dq 2

(5)

In addition to the profit maximization conditions shown in Equations (2) and (5),
competitive firms also face another condition for profit maximization (Perloff, 2007). In
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the short run the firm faces what is known as the “shutdown rule,” where total revenue
must be greater than variable costs in order for the firm to continue to operate. If total
revenue is less than variable costs, the firm will reduce its losses by shutting down
(Perloff, 2007). For the firm to operate in the short run, total revenue (TR) must be
greater than the variable costs (VC) associated with production in the short run. In the
short run, an ethanol producing firm would be willing to pay more for biomass, as it is
only concerned with covering the variable costs associated with production. However, in
the long run the firm must somehow change production in order to cover all of its costs or
shut down.
Enterprise Budget Framework
In order to estimate costs of production of sweet sorghum, a standard enterprise
budgeting approach is used. In such a framework, the costs, both fixed and variable, for
sweet sorghum ethanol production are allocated on a per-acre basis. From these data,
further calculations are made using yield data from test plots at Mississippi State (Horton,
2009) in order to determine the average cost of producing a ton of sweet sorghum
biomass. Following suggestions by Greaser and Harper (1994), estimated total costs
from the enterprise budgets are divided by expected yield to determine the breakeven
price for sweet sorghum biomass per ton. Assuming a particular conversion factor of
sweet sorghum biomass to ethanol, the breakeven price per gallon of processed ethanol
can be estimated.
The sweet sorghum enterprise budgets for this research are constructed using
yield data from on-site experiments at Mississippi State University and scientific
literature pertaining to sweet sorghum growth and harvesting. These budgets consider a
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wide range of inputs, due to variance in current literature over the best management
practices for sweet sorghum growth. Key inputs were examined to determine their
effects on the cost of producing sweet sorghum biomass, including lime, fertilizer, and
pre-planting practices.
Willingness to Pay/Willingness to Accept Framework
The concepts of maximum willingness to pay (WTP) and minimum willingness to
accept compensation (WTA) are often used in contingent valuation studies for the
valuing of non-market goods, such as environmental or public goods. In these cases,
WTP and WTA are used to elicit private valuations of these goods (Lunn and Lunn,
2009). However, it is also possible to use the concepts of WTP and WTA, when coupled
with breakeven analysis from enterprise budgeting, to determine the range of prices for
biomass in a situation where a market does not currently exist (Miranowski and Rosburg,
2010).
WTP is a concept corresponding to price in situations where there is no existing
market, as it is a measure of how much value is placed on a particular good (Kolstad,
2000). More specifically, marginal WTP (the amount that a consumer is willing to pay
for one more unit of a good) is directly analogous to price in these situations.
Considering that price is the variable used in deriving a conventional demand curve, the
marginal WTP can be used to derive demand for a non-market good. In this case, it is the
maximum price that the firm would be willing to pay for biomass. Marginal WTP is
therefore a function of the costs associated with producing ethanol from sweet sorghum
and the price of ethanol itself.
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Eidman (2007) pointed out that the netback price of ethanol (PN) is a function of
the wholesale price of ethanol (PE) and transportation and marketing costs (TM)
associated with wholesale ethanol. It is assumed that the PE reflects any tax credit that
would be given to blenders of ethanol, such as the $0.45 per gallon credit provided under
the 2008 Farm Bill (Food, Conservation, and Energy Act, 2008). Using the work of
Miranowski and Rosburg (2010) as a guideline, an ethanol producing firms’ marginal
WTP would be a function of PN, government incentives to the ethanol producer (GP),
variable costs associated with production (VC), and fixed costs associated with
production (FC).
PN = PE − TM
WTP = PN − VC − FC + G P

(7)
(8)

Marginal willingness to accept compensation is the minimum amount that an
individual or firm will accept in order to give up a unit that is possessed (Kolstad, 2000).
Marginal WTAC is analogous to the marginal cost of a good (Miranowski and Rosburg,
2010), which allows for the estimation of the supply curve of a good, given that the
marginal cost curve above a competitive firm’s average variable cost is the short-run
supply curve (Perloff, 2007).
The minimum marginal WTA value in this case is comprised of the total
economic cost faced by the farmer to produce and deliver the last unit of sweet sorghum
biomass. Such costs include opportunity costs (COPP), production costs (CP), and
transportation costs for the biomass (T). Production costs include machinery costs (CM),
herbicide costs (CH), pesticide costs (CT), fertilizer cost (CF), seed cost (CS), harvesting
costs (CV), and labor costs (CL).
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WTA = C P + TC + COPP
C P = C M + C H + CT + C F + CV + C S + C L

(9)
(10)

Kolstad (2000) makes a distinction between total WTA/WTP and marginal
WTA/WTP, focusing on the difference between WTA/WTA for all units of a good and
WTA/WTP for the marginal unit of a good. For the sake of brevity, marginal WTA and
WTP are simply referred to as “willingness to accept” (WTA) and “willingness to pay”
(WTP).
It is necessary at this point to relate the concepts of WTA/WTP to the initial
assumption of profit maximizing firms. From the standpoint of the farmer, WTA is the
marginal cost (MC) of producing a unit (in this case, a ton) of sweet sorghum biomass,
whereas WTP is the price (p) that the farmer receives for the good. As shown in
Equation (4), a condition for profit maximization is that the firm operates where marginal
revenue equals marginal cost. For competitive firms, marginal revenue (MR) is equal to
the price of the good in question, which is also equal to MC. Therefore, for the existence
of a market for sweet sorghum biomass, WTA must be equal to WTP in the long run.
Simulation
Simulation has been used extensively in feasibility studies for ethanol production
from corn (Koo and Taylor, 2008), sugarcane (Outlaw, et al., 2007), and various other
potential feedstocks (Miranowski and Rosburg, 2010). Many of these studies have used
Monte Carlo simulation in order to account for risk in the process (Morris, 2008).
Criticism has been leveled against the use of deterministic models in feasibility studies,
with some authors suggesting that deterministic models alone lack completeness (Morris,
26

2008). This research uses both deterministic and stochastic models to estimate profits for
sweet sorghum and competing crops.
Deterministic models are based on point estimates for key variables in the model
(Richardson, et al., 2007). Such modeling has been used extensively in agribusiness
feasibility studies, especially those using Excel spreadsheets, such as Tiffany and
Eidman’s (2003) work on ethanol plant success. Deterministic modeling is used in this
research to estimate profits for sweet sorghum and competing crops in representative
production areas in Mississippi, using data from Ethanol Market (2010), the National
Agricultural Statistics Service (NASS) (2010), the Agricultural Marketing Service
(AMS) (2007-2010), and budgets published by the Mississippi State University
Department of Agricultural Economics (Corn, Grain Sorghum and Wheat 2010 Planning
Budgets, 2009; Soybean 2010 Planning Budgets, 2009; Cotton 2010 Planning Budgets,
2009; Non-Delta 2010 Planning Budgets, 2009). Profits to the farmer are calculated as:

π = R − CT

(11)

R = P *Q

(12)

is profit, while R is defined as revenue to the farmer and CT is total cost,
including production costs (seeding, harvesting, fertilizer, etc.) and transportation costs
for the biomass. R is calculated as the price of the crop (P) multiplied by the quantity (Q)
of biomass sold. It is assumed that all biomass produced by the farmer (the total yield per
acre) is sold to the ethanol producer.
The stochastic model makes use of equations (8) and (9), but instead of relying on
an average of prices for wholesale ethanol, corn, cotton, and soybeans, these prices are
simulated using the Phoon, Quek, and Huang (PQH) method of multivariate simulation.
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This method allows for the simulation of random correlated variables from mixed
marginal distributions (Phoon, et al., 2004; Anderson, et al., 2009). In this research,
random correlated variables are simulated from empirical data on wholesale ethanol
price, corn price, cotton price, and soybean price obtained from NASS (2010) and the
AMS (2007-2010).
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CHAPTER IV
BUDGETS
A key objective of this research is to estimate the cost of producing sweet
sorghum for use as an ethanol feedstock. In order to establish these costs, enterprise
budgets are developed using the Mississippi State Budget Generator (MSBG). These
budgets examine materials and machinery used in various parts of the production process
and allows for the allocation of costs on a per-acre basis.
The MSBG is a menu-driven computer program used as a tool used to construct
enterprise budgets to aid in the decision making process. Through the use of the MSBG,
a user is able to estimate the total costs of inputs in a farm enterprise (Laughlin and
Spurlock, 2003). It allows for the use of different fuel types and machinery in the
budgeting procedure, making use of machinery and labor multipliers to allow tractor
usage and machinery operated labor time to be a function of implement usage and
powered machinery time, respectively. These costs are allocated on a per-acre basis for
the different inputs.
For example, direct machinery costs (such as repair and maintenance costs and
fuel costs for powered machinery) are allocated on a per-acre basis by estimating the
costs per hour of expected use of the machinery, and calculating per-acre costs based on
the performance rate of the machinery (Corn, Grain Sorghum & Wheat 2010 Planning
Budgets, 2008). Fixed cost estimates of machinery are computed by calculating the
capital recovery charge of the machinery on an annual basis and converting this to per29

hour and per-acre costs, given some useful life of the machinery, expected hours used per
year, and a machinery performance rate (Laughlin and Spurlock, 2003). The MSBG,
including different adaptations of the program, has been extensively used in agricultural
economic research, from crop budgeting in other states (Guidry, 2010; Fuller, 1989) to
crawfish production (Boucher and Gillespie, 2010).
In order to build these budgets, scientific literature was consulted to ascertain the
best management practices for production of sweet sorghum. Because of disagreement
among researchers as to the “best” production practices, there is room for variation in
cost of production estimates. The basics of sweet sorghum agronomic practices,
however, are one area where most researchers agree. Due to its nature as a drought
tolerant crop, there is little need for irrigation (Rooney, et al., 2007; Reddy, et al, 2008),
unlike sugarcane or corn. Also, seeding rates are fairly well established at three to four
plants per linear foot of row (Baldwin, 2010; Bitzer, 2009). This leads to a rate of about
3.2 pounds of seed per acre, which can vary slightly depending on the variety of sweet
sorghum. Finally, optimal insecticide and herbicide applications are also fairly well
established. Horton (2009) suggests the use of Atrazine and Dipel ES as the appropriate
herbicide/insecticide combination on this crop. Recommendations from the Kentucky
Department of Agriculture (2007) and herbicide producers (Drexel Chemical Company,
2009) suggest a maximum application rate of 2.0 pounds per acre for Atrazine, and 2.0
pints per acre for Dipel ES.
Planting Practices
A concern with growing sweet sorghum is choosing a suitable production period
that allows for sweet sorghum to sufficiently mature. A “hard” frost tends to kill sweet
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sorghum plants, thus harvests before the first frost is necessary. Lueschen, et al. (1991)
stated that ethanol yield from sweet sorghum was higher for earlier planting dates (midApril to early May mid- to late May). Optimal harvest time is somewhere between 114
to 125 days after planting (Hipp, et al., 1970), with indications that yields cease to
increase 119 days after planting (Tew, et al., 2008). This gives the sweet sorghum
producer a roughly four month period from planting to harvest, which falls into the
period between last spring frost and first autumn frost in Mississippi (National Oceanic
and Atmospheric Administration, 1988).
For the cost of production budgets developed for this research, an initial planting
date of 15 April and a harvest date of 15 August of the same year are assumed.
According to the National Oceanic and Atmospheric Administration (NOAA) (1988),
this period will be frost free for most of Mississippi, thereby allowing the unimpeded
growth of sweet sorghum. Harvesting after four months could leave the possibility of a
ratoon, but due to weather conditions in Mississippi (NOAA, 1988) there would not be
enough time for the ratoon to reach maturity for harvest (Ranola, et al., 2007).
Seeding rates across different varieties of sweet sorghum are established at an
average of 3.2 pound of seed per acre by the Mississippi Agricultural and Forestry
Experiment Station-Mississippi State University Extension Service (MSU Cares, 2010).
This seeding rate leads to 30,000 to 40,000 plants per acre. However, Bennett and Anex
(2009) utilized a seeding rate of 2.5 pounds per acre in their work, and Memphis
BioWorks used up to five pound per acre on their test plots (Vancil, 2010). Biomass
yields from this higher seeding rate were not reported by Vancil (2010), although there
was an increased difficulty in harvesting the sweet sorghum due to plants falling over
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(lodging) in the Whiteville, TN test plots. It is believed that this lodging is the result of
higher than recommended seeding rates (Vancil, 2010).
Tractors and Implements
Equipment used in planting, treating, and harvesting sweet sorghum is drawn
from personal observation at Memphis BioWorks’ sweet sorghum test plot in Whiteville,
TN, and from Bennett and Anex (2009). In their work, Bennett and Anex (2009) utilized
a 17’ Tandem Disk, a 21’ Field Cultivator, and 8-row planter, an 8-row cultivator, and
45’ broadcast sprayer for herbicide application. The tractors assumed in this research
were a 105 hp tractor used for disking, cultivating, and planting, and a smaller (75 hp)
tractor for spraying. For harvesting, Bennett and Anex (2009) simulated the use of
several different systems, from 2-row tractor-pulled forage harvesters to 4-row selfpropelled mobile juice harvesters, which are pulling a tanker. The Whiteville, TN site
utilized a 2-row tractor pulled forage harvester, as well as a prototype Case-IH sweet
sorghum harvester that is not currently in commercial production. Table 4.1 summarizes
the implements used in planting and harvesting sweet sorghum.

Table 4.1

Implements Used in Sweet Sorghum Planting and Harvesting

Implement
Disk Harrow
Cultivator
Sprayer
(Broadcast)
Silage Harvester

Size
(Feet)
24
20
50
6.6
32

Performance
Rate
(Acres/Hour)
12.22
9.68
29.55
1.96

Equipment use assumed for these budgets is similar to that used in work by
Bennett and Anex (2009). Suggestions provided by the Mississippi State Budget
Generator are incorporated for the tractors needed for various implements in order to
meet the requirements of the implement.

Table 4.2

Tractors Used in Sweet Sorghum Planting and Harvesting

Tractor
(90-119hp) RB
(160-179hp) CB
(180-199hp) CB

Size
2WD 105
MFWD 170
MFWD 190

Fuel Use
(Gallons/Hour)
5.40
8.75
9.78

Fertilizer and Lime
Sweet sorghum fertilization recommendations vary, as was discussed in Chapter
II. The following is merely a summation of the applicable issues. Often, the only
fertilizer required by sweet sorghum is nitrogen. Widenfeld (1984) found that the
percentage of phosphate fertilizer used by sweet sorghum was zero, while the percentage
of applied nitrogen used by the plant (nitrogen use efficiency) increased up to 99.92
pounds per acre. Soileau and Bradford (1985) examine potassium uptake by sweet
sorghum plants, indicating that maximum uptake is achieved with application of 910
pounds per acre. Mask and Morris (1991) state that soil tests should be used to determine
the adequate levels of potassium (and other fertilizers), but that approximately 40 pounds
of nitrogen, phosphate, and potassium is the basic rate for “a well-drained silt loam soil
with a medium fertility soil-test level.”
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Liming requirements for sweet sorghum as an ethanol feedstock are similarly
uncertain. Soileau and Bradford (1985) tested sweet sorghum response to various
combinations of lime and fertilizer application. Their findings suggest that sugar yields
are optimized with a 90-90-120 treatment of nitrogen, phosphate, and potassium, and 3.5
tons of lime per acre. Their research was on a highly acidic soil in northern Alabama;
soils with a higher pH level would generally require less lime, subject to
recommendations from soil tests.
Different fertilization levels are assumed in the budgets constructed for this thesis
to analyze the effect of application rate on per-acre costs. Of nitrogen, potassium, and
phosphate, the only fertilizer that is present in all budgets is nitrogen; this is due to the
fact that nitrogen fertilizer is the only one which most all agronomists and agricultural
engineers agree is necessary. Different applications of nitrogen are used, ranging from
60 pounds per acre to 120 pounds per acre. Potassium and phosphate are also present in
the budgets, with application ranging from 0 to 90 pounds each per acre.
Pesticides and Herbicides
As indicated previously, pesticide and herbicide application rates are fairly well
established for sweet sorghum. Recommendations from the manufacturers of pesticides
and herbicides are followed for sweet sorghum, with the most common treatments
involving Atrazine and Dipel ES (Horton, 2009; Soileau and Bradford, 1985).
Additionally, Soileau and Bradford (1985) utilized Sevin to counteract the growth of bud
worms; however, the authors do not indicate how much was used. Recent work by
entomologists at Virginia Tech suggests Sevin should not be applied to sweet sorghum
(Youngman, 2010). Mask and Morris (1991) propose cultivation for weed control, but
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warn that multiple cultivations may be needed in some locations. Mask and Morris
(1991) assume smaller growing areas for sweet sorghum, where labor-intensive options
are more easily suited to the circumstances than larger acreage.
Herbicide use is consistent throughout the budgets examined in this research.
Atrazine is applied at two pounds per acre, according to industry recommendations for
forage crops (Kentucky Department of Agriculture, 2007). The beginning standard for
application of Dipel ES is 2 pints per acre, with an examination of how different
applications affect per acre costs. A fifty-foot broadcast sprayer is assumed for this
application, pulled by a 160-179 horsepower tractor.
Budget Results
The nine budgets constructed for this research are presented in Appendix B. Cost
of production ranges from a low of $122.50 to a high of $340.34 per acre. The lower end
of these figures corresponds, obviously, with fewer inputs and field preparation practices,
whereas the highest involves high levels of inputs, namely lime, phosphate fertilizer, and
potassium fertilizer. It should be noted that the level of these inputs, and indeed whether
they are even included in sweet sorghum production operations, should be based on a soil
test of the growing region in question. The same is true for nitrogen fertilizer, although
to a lesser extent, due to research showing highly efficient uptake and utilization of
nitrogen fertilizer in sweet sorghum growth (Widenfeld, 1984). Obviously the inclusion
of these inputs, if needed, directly affects the economic feasibility of sweet sorghum
based ethanol.
Some of the budgets constructed for this research closely correspond with
findings by Maxey et al. (1989) and Worley, et al. (1992) for the costs of producing an
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acre of sweet sorghum. These authors calculated that producing an acre of sweet
sorghum costs about $147 per acre. It should be noted that these two works are around
twenty years old, and that there have been changes in input prices since. However,
advancements in machinery and harvesting practices likely offset increases in input price
over that time.
For the purposes of this research, an attempt is made to establish a general, best
management practice scenario for sweet sorghum production. This budget follows
Koppen, et al.’s (2009) recommendations to the Food and Agriculture Organization for
the United Nations. The authors used the following inputs for sweet sorghum: nitrogen
was applied at 89.22 pounds per acre, phosphate at 35.96 pounds per acre and potassium
at 17.84 pounds per acre. Utilizing the aforementioned pre-planting, cultivation and
harvest equipment, along with standard application rates for herbicide, pesticide and
sweet sorghum seed, production costs from planting to harvesting are $139.97 per acre.
However, the other budgets are developed to analyze the range of costs that sweet
sorghum producers may face. These costs are examined to estimate what sweet sorghum
producers will be willing to accept for sweet sorghum biomass.
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CHAPTER V
MARKET ANALYSIS IN WILLINGNESS TO PAY/
WILLINGNESS TO ACCEPT FRAMEWORK
Many factors play a role in the overall cost of producing ethanol. Tiffany and
Eidman (2003) identified several factors that strongly influence the success of ethanol
plants, including feedstock price, ethanol price, natural gas price, and conversion factor.
Although these factors were identified for a corn ethanol plant, it is assumed that they are
similarly important to sweet sorghum based ethanol production. It is also assumed that
transportation and marketing costs of processed ethanol influence the determination of
the costs for sweet sorghum ethanol production. Finally, fixed costs for the ethanol firm
also influence overall production costs.
Also examined in this chapter are factors that determine the price farmers are
willing to accept for biomass. These include per-acre production costs (as established by
enterprise budgets discussed in Chapter IV) and transportation cost, given the distance
the raw biomass must be hauled. This chapter focuses on the effect of changes in these
factors on the cost of producing ethanol and how they affect ethanol producers and sweet
sorghum farmers.
Assumptions about key factors in the ethanol producing process that affect
farmers’ willingness to accept and ethanol producers’ willingness to pay for sweet
sorghum biomass are given here and used throughout this chapter. It is assumed that the
average yield for sweet sorghum biomass is 23.4 wet tons per acre (Horton, 2009). The
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conversion factor used in this research is 8.4 gallons per wet ton of ethanol. This is
derived from the average conversion factor of 10.5 gallons of ethanol per wet ton given
by Rahmani and Hodges (2009) and supported by Baldwin (2010). Smith, et al. (1987)
projected that actual ethanol yield will be 80 percent of the theoretical yield, in order to
account for loss of fermentable sugar in transportation and storage. Therefore, the
conversion factor of ethanol is reduced by 20 percent to more accurately represent
potential loss. Additionally, it is assumed that the cost of producing one acre of sweet
sorghum biomass is $139.97. It is also assumed that the processing costs of ethanol are
$0.75 per gallon of denatured ethanol (Rahmani and Hodges, 2009) and that the ethanol
producing firm will face transportation and marketing costs of $0.20 per gallon of
denatured ethanol (Eidman, 2007). The wholesale price of ethanol used in this sensitivity
analysis is $1.98 per gallon, based on recent prices in the ethanol market (Ethanol
Market, 2010).
Additional assumptions are made about the role of fixed cost and government
benefits in the calculation of ethanol producers’ willingness to pay for sweet sorghum
biomass. Based on work by Hofstrand (2010) and data from storage tank manufacturers
(Southeastern Tank, 2010; BH Tank, 2010) it is assumed that the ethanol producing firm
faces a fixed cost of $0.43 per gallon of ethanol produced. This assumes an ethanol plant
with a 60,000,000 gallon per year capacity and a $112.5 million initial construction cost.
This analysis also assumes the presence of the blender’s tax credit of $0.45 per gallon
(Food, Conservation, and Energy Act, 2008), but not the $0.10 per gallon Small Ethanol
Producer Credit.
At present, there is no market for sweet sorghum, other than the relatively small
amount produced for sorghum syrup (Bitzer, 2009). However, it is possible to use
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ethanol prices to “back down” to a price per ton of biomass for sweet sorghum. This
involves an examination of the wholesale, or “rack,” price of ethanol, which determines
the netback price of ethanol. Netback price is defined as the wholesale price minus the
marketing and transportation costs of moving ethanol from a refinery to the marketplace
(Eidman, 2007) (see Chapter III). In effect, the netback price is what the ethanol
producing firm receives from the sale of ethanol, net of the costs of transportation and
marketing.
Per-Acre Production Costs
A major factor influencing the price that a farmer is willing to accept for sweet
sorghum biomass is the cost of producing the biomass itself. For much of this research
the figure of $139.97 is used as the per-acre cost of producing sweet sorghum biomass for
biofuel feedstock. While this figure is similar to proposed costs from Maxey, et al.
(1989) and Worley, et al. (1992), it is important to take into account that production costs
can change depending on the requirements necessitated by soil conditions, weather, and
various other factors. As such, it is useful to examine a range of per-acre production
costs and their effect on the minimum price farmers are willing to accept for biomass.
As mentioned in Chapter IV, nine sweet sorghum enterprise budgets were
constructed for this research (Appendix B). These budgets reflect different suggestions
for the best production practices of sweet sorghum found in agronomic literature, such as
Hipp, et al. (1970), Broadhead and Freeman (1980), and Widenfeld (1984). The
estimated production costs range from $122.50 to $340.34 per acre. Given an average
yield of 23.4 wet tons per acre, production costs ranged from $5.23 to $14.54 per wet ton
of biomass. Assuming a distance of 40 miles for transportation (Worley, et al.¸1992),
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total cost to the farmer depends on transportation cost rates. Morris’ (2008)
transportation costs yield a range of total production and transportation cost of $18.43 to
$27.74 per ton of wet biomass for the farmer. Salassi’s (2010) proposed transportation
costs yield a range of costs from $12.23 to $21.54 per wet ton of biomass. Finally,
Broussard’s (2010) transportation cost estimate gives a range of costs to farmers from
$10.61 to $19.92 per ton of wet biomass.
Given standard assumptions about the processing and transportation and
marketing costs of refined ethanol (Rahmani and Hodges, 2009; Eidman, 2007) and the
fixed costs associated with ethanol production (Hofstrand, 2010), it is possible to
determine the wholesale ethanol prices at which both the ethanol producing firm and the
sweet sorghum producer would just break even, given the ranges in production and
feedstock transportation costs presented above. Assuming a standard conversion factor,
per gallon feedstock costs range from $1.26 (using the lowest per acre production costs
and Broussard’s (2010) transportation costs) to $3.30 (using the highest per acre
production costs and Morris’ (2008) transportation costs). Adding in the processing
costs, fixed costs, and transportation and marketing costs, the minimum wholesale price
of ethanol producers would be willing to accept to cover potential production and
transportation costs, ranges from $2.64 to $4.68 per gallon.
Figure 5.1 illustrates the effects of production cost on the amount farmers are
willing to accept for sweet sorghum biomass under the three different transportation cost
scenarios. Also included is the maximum amount an ethanol producing firm would be
willing to pay for sweet sorghum biomass, given a wholesale ethanol price of $1.98 per
gallon. Under the given assumptions, at no point would farmers facing transportation
costs such as those outlined by be willing to produce sweet sorghum.
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Figure 5.1

The Effect of Per-Acre Production Costs on Farmers’ WTA for Sweet
Sorghum Biomass
Raw Biomass Transportation Costs

A key factor in determining the feasibility of ethanol production from sweet
sorghum is the cost of transporting biomass from the point of production to the refinery
for processing. Various estimates of the costs of transporting biomass have been given,
each yielding a different cost structure, and therefore a different WTA, for farmers. The
purpose of this section is to examine the effect of transportation cost on farmers’ WTA
amount for sweet sorghum biomass. Estimates for transportation cost are drawn from
other research on sweet sorghum (Morris, 2008) and estimates from the Louisiana
sugarcane industry (Salassi, 2010; Broussard, 2010). It is assumed that sweet sorghum
transportation costs will mirror those of sugarcane transportation costs (Salassi, 2010).
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An important assumption in this section is the distance the raw biomass is being
transported. Worley, et al., (1992) examined the energy balance of sweet sorghum based
ethanol. In their research the distance from the biomass production point to the
processing facility was 40 miles. The research in this thesis differs from Worley, et al.
(1992) in that all processing and fermentation is assumed to take place at one centralized
location, as opposed to operating smaller evaporation plants between the field and the
distillation facility where the harvested stalks are pressed, thus allowing for transportation
of the juice the remaining distance. This single facility model is more akin to ethanol
plants described by Eidman (2007) and sugarcane processing in Louisiana (Broussard,
2010). Salassi (2010) indicated that the maximum distance sugarcane would be
transported is about 75 miles.
A distance of 40 miles is assumed for sweet sorghum transportation from field to
processing facility. It is assumed that the loss of fermentable sugars observed in various
sweet sorghum studies (Bennett and Anex, 2009; Smith, et al., 1987) is accounted for by
reducing the theoretical yield from 10.5 gallons per wet ton of sweet sorghum by 20
percent to 8.4 gallons of ethanol per wet ton.
Several different transportation cost estimates were obtained for sweet sorghum
biomass. Morris (2008) examined the potential for ethanol production from sweet
sorghum juice in Texas, and found that the cost of transporting wet biomass is $0.33 per
ton per mile. Given standard assumptions about sweet sorghum biomass yield and a
transportation distance of 40 miles, this transportation cost structure will yield an
additional $308.88 cost per acre for the farmer above production costs. Salassi (2010)
suggested a scenario from the sugarcane industry in which sweet sorghum producers are
charged a loading fee of $1.00 per ton of biomass loaded, and then $0.15 per ton per mile
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transported. Assuming the same distance as earlier, this yields an additional cost of
$163.80 per acre above production costs. Finally, Broussard (2010) provided another
possibility for sweet sorghum transportation costs, again drawn from the sugarcane
industry. In this case, the beginning rate of $1.235 per ton is charged for the first mile.
Transportation costs increase by $0.205 per ton per mile transported, up to 21.2 miles.
After 21.2 miles, the maximum fee of $5.38 per ton is charged for transportation
(Broussard, 2010). This will yield an additional cost of $125.89 per acre above the costs
of producing the biomass. These costs, assuming a production cost of $139.97 per acre
and a biomass yield of 23.4 wet tons, yield a minimum WTA amount of $19.18, $12.98,
and $11.36 per wet ton, respectively.
Figure 6.2 provides a visual representation of the effect of different production
costs on farmers’ WTA amount for sweet sorghum biomass. It is assumed in Figure 6.2
that farmers face production costs of $139.97 per acre, and that the ethanol firm faces the
standard assumptions about wholesale ethanol price, fixed costs, transportation and
marketing costs, and processing costs. Given these assumptions, the farmer have no
incentive to produce sweet sorghum as an ethanol feedstock, as the WTP is below WTA
estimates even in situations where transportation cost is zero.
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Figure 5.2

The Effect of Transportation costs on Farmers’ WTA for Sweet Sorghum
Biomass
Wholesale Ethanol Price

Given an average rack price for ethanol for February 2010 of $1.98 per gallon and
subtracting the assumed transportation and marketing costs, fixed costs and processing
costs yields a maximum WTP for feedstock in a sweet sorghum ethanol plant of $$0.60
per gallon, or about $5.07 per ton of wet biomass, given standard assumptions of biomass
to ethanol conversion factors.
Given standard assumptions about production cost and transportation costs of
$0.33 per mile for the biomass (Morris, 2008), the lowest price a farmer would accept for
sweet sorghum biomass would be $19.18 per wet ton, assuming the feedstock must be
transported 40 miles. This yields a feedstock cost of $2.28 per gallon of ethanol
produced. Given this price, the farmer will just break even on the costs of producing and
transporting an acre of sweet sorghum biomass, disregarding any government payments
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the farmer may receive from other sources, as there is no government program for sweet
sorghum. When including standard assumptions about ethanol processing, fixed costs,
and transportation and marketing costs, the wholesale ethanol price would have to be at
least $3.66 for the ethanol producer and the farmer to just break even. This amount is
greater than the highest annual average price for wholesale ethanol of $2.58 per gallon in
2006 (Minnesota Department of Agriculture, 2010, Nebraska Energy Office, 2010)
(Figure 5.3).

Figure 5.3

Annual Average Ethanol Rack Prices (Dollars per Gallon) 2000-2009

Source: Minnesota Department of Agriculture (2010)
Given different assumptions about biomass transportation costs, the farmer may
be willing to accept less per ton for sweet sorghum biomass. Using Salassi’s (2010)
transportation figures, sweet sorghum producers would be willing to accept a minimum
of $12.98 per ton of wet biomass, assuming a transportation distance of 40 miles. Given
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a standard conversion factor, processing cost, fixed cost, and transportation and
marketing cost, the lowest wholesale price of ethanol at which the biomass producer and
the firm will just break even is $2.93 per gallon. Finally, given Broussard’s (2010)
transportation costs of $5.83 per ton of biomass at 40 miles, along with the previously
mentioned production, processing, and transportation and marketing costs, the lowest
wholesale ethanol price for both biomass and ethanol producers to just break even is
$2.73 per gallon. The minimum wholesale ethanol prices for both the farmer and the
ethanol producing firm to just break even under Salassi’s (2010) and Broussard’s (2010)
are above the range of historic rack prices shown in Figure 5.3. Unless wholesale ethanol
prices increase to above the levels shown, farmers would have no incentive to produce
sweet sorghum as an ethanol feedstock.
Obviously, changes in wholesale ethanol prices affect the netback price received
by the ethanol producing firm, which therefore affects what the firm is willing to pay for
sweet sorghum biomass. For example, at the high price of $2.58 per gallon observed in
2006, assuming transportation and marketing costs of $0.20 per gallon, fixed costs of
$0.43 per gallon, and processing costs of $0.75 per gallon, the ethanol producing firm
would be willing to pay a maximum of $1.20 per gallon of ethanol for biomass feedstock.
Assuming a conversion factor of 8.4 gallons of ethanol per wet ton of biomass, this
represents a maximum of $10.08 per ton of wet biomass. The lowest wholesale ethanol
price at which a sweet sorghum-based ethanol producing firm could operate, given
standard assumptions for processing cost, fixed costs, and transportation and marketing,
would be $1.38 per gallon, which is above the lowest price of $1.14 in Figure 5.3. Figure
5.4 illustrates the effect wholesale ethanol price has on an ethanol firm’s willingness to
pay for biomass.
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Figure 5.4

The Effect of Wholesale Ethanol Price on an Ethanol Firm's Willingness to
Pay for Sweet Sorghum Biomass
Conversion Factor

The conversion factor of sweet sorghum to ethanol plays a role in determining the
amount the ethanol producing firm is willing to pay for biomass. It has been assumed
that a ton of wet biomass has a theoretical yield of 10.5 gallons of ethanol. To account
for fermentable sugar loss in transportation and processing, this figure was reduced by 20
percent to 8.4 gallons per wet ton. Changes in this conversion factor would therefore
change what could be offered for the feedstock. Rahmani and Hodges (2009) assert that
that one wet ton of biomass can yield from 6.6 to 14.4 gallons of ethanol, depending on
the cultivar. Using standard assumptions for processing costs, transportation and
marketing costs and wholesale ethanol price the feedstock cost is $1.03 per gallon of
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refined ethanol. If sweet sorghum only produced 6.6 gallons per ton of wet biomass, the
most the ethanol plant would be willing to pay for sweet sorghum would be about $3.96
per wet ton. Conversely, if sweet sorghum produced 14.4 gallons per ton of wet biomass,
the ethanol plant would be willing to pay $8.64 per wet ton. For WTP to intersect the
lowest estimate of farmers’ WTA, the conversion factor of sweet sorghum to ethanol
would have to be at least 18.9 gallons per ton, based on the standard assumptions. The
range of willingness to pay values is represented in Figure 5.5.

Figure 5.5

The Effect of Conversion Factor on an Ethanol Firm's Willingness to Pay
for Sweet Sorghum Biomass
Natural Gas Price

Natural gas prices play a large role in the cost of producing ethanol; it is often the
second largest expense after feedstock costs (Iowa State University, 2006). Natural gas is
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typically the main fuel source in ethanol plants (Eidman, 2007). While there is the
possibility of using the bagasse (crushed stalks) for heating fuel, as is done in Brazil with
sugarcane ethanol production (Matsuoka, et al., 2009), most U.S. operations utilize
natural gas.
According to Eidman (2007), a standard ethanol plant uses 34,000 Btu (about 33
cubic feet) of natural gas per gallon of ethanol produced and the effect of a $1 per million
Btu change in natural gas price is a $0.034 change in costs per gallon of ethanol. Past
calculations of ethanol costs have assumed natural gas prices from $7 per million Btu
(Good, et al., 2007) to $10 per million Btu (Eidman, 2007). Given that the $0.75 per
gallon processing cost incorporates the 2008 price of $11.90 per million Btu price of
natural gas (Energy Information Administration, 2010), a price of $11.53 per million Btu
decreases the processing cost to about $0.74 per gallon of ethanol.
Assuming an ethanol rack price of $1.98 and transportation of marketing costs of
$0.20 per gallon of refined ethanol, if natural gas prices were zero, the ethanol producing
firm would be willing to pay $0.93 per gallon of ethanol in feedstock costs, which yields
a maximum willingness to pay of $7.81 per ton of wet biomass, given a conversion factor
of 8.4 gallons of ethanol per wet ton. This includes $0.42 per gallon in processing costs
that are not affected by changes in natural gas prices, such as for the denaturant, yeast,
and other fermentation chemicals (Rahmani and Hodges, 2009). Figure 5.6 shows the
effect of natural gas price on an ethanol producing firm’s willingness to pay for sweet
sorghum biomass. Under the transportation cost scenarios discussed, even if natural gas
prices were to go to zero, farmers have no incentive to produce sweet sorghum biomass,
given the assumptions used in this research.
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Figure 5.6

The Effect of Natural Gas Price on an Ethanol Firm's Willingness to Pay
for Sweet Sorghum Biomass
Refined Ethanol Transportation and Marketing Costs

Another factor of interest in the price and potential returns of sweet sorghum
ethanol is the cost of transportation and marketing for refined ethanol, which plays a role
in the netback price received by the ethanol producing firm. Throughout this analysis,
the figure of $0.20 per gallon for processing and marketing is used. Obviously,
transportation costs are subject to change. Increases in crude oil prices will lead to
increases in ethanol transportation costs (Thompson and Meyer, 2009), which will
negatively affect the netback price of ethanol.
Assuming a $1.98 rack price for ethanol and a fifty percent increase in
transportation and marketing costs (from $0.20 to $0.30 per gallon), the netback price
received per gallon of ethanol drops from $1.78 to $1.68 per gallon. Given the $0.75 per
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gallon processing costs and $0.43 fixed cost per gallon, the most the ethanol producing
firm would then be willing to pay for feedstock is $0.50 per gallon of ethanol. Assuming
a conversion factor of 8.4 gallons of ethanol per wet ton, this yields a maximum price that
the firm would be willing to pay of $4.20 per wet ton of biomass. Given a 40 mile
distance and a transportation cost of $0.33 per ton per mile for the wet biomass (Morris,
2008), this is well below the minimum price that farmers would be willing to accept,
assuming per-acre production costs of $139.97. At the transportation costs given by
Salassi (2010) and Broussard (2010), there is still no incentive for farmers to produce
sweet sorghum as an ethanol feedstock; farmers would be willing to accept a price of
$12.98 and $11.36 per ton of wet biomass, respectively. Assuming a cost of $139.97 per
acre for producing sweet sorghum with a yield of 23.4 wet tons, and the given
transportation cost assumptions for both the raw feedstock and the finished ethanol, the
lowest wholesale price of ethanol under which a farmer would just break even is $3.76
per gallon for the Morris (2008) transportation costs, $3.02 per gallon for the Salassi
(2010) transportation costs, and $2.83 for the Broussard (2010) transportation cost
scenario.
Conversely, a decrease in refined ethanol transportation and marketing costs
would increase the netback price received by the ethanol producing firm. Assuming the
same $1.98 rack price for ethanol, $0.43 per gallon in fixed costs, and a fifty percent
decrease in transportation and marketing costs (from $0.20 to $0.10 per gallon), the
netback price received per gallon of ethanol would be $1.88 per gallon. Using the $0.75
per gallon processing cost the ethanol plant could $0.70 per gallon of ethanol produced
for feedstock.

51

Given the standard conversion factor, the ethanol producing firm would be willing
to pay up to of $5.88 per ton of wet biomass, still less than the minimum that farmers
would be willing to accept for their biomass, given Morris’ (2008), Salassi’s (2010), or
Broussard’s (2010) transportation cost scenarios. Assuming again a cost of $139.97 to
produce a 23.4 wet tons of sweet sorghum, and given the a $0.10 per gallon
transportation and marketing cost for the refined, denatured ethanol, the lowest rack
ethanol price at which both the farmer and the ethanol producing firm will just break
even is $3.56 per gallon, assuming Morris’ (2008) transportation cost and a distance of 40
miles for transportation. For the Salassi (2010) and Broussard (2010) transportation cost
models, the lowest wholesale ethanol prices at which both biomass and biofuel producers
would just break even are $2.83 per gallon and $2.63 per gallon, respectively. Figure 5.7
give a visual representation of the changes in the firm’s willingness to pay due to changes
in transportation and marketing costs per gallon.
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Figure 5.7

The Effect of Refined Ethanol Transportation and Marketing Costs on an
Ethanol Firm's Willingness to Pay for Sweet Sorghum Biomass
Government Policy

Thus far in this research, there has been little consideration of government
programs in the estimation of WTP and WTA for sweet sorghum biomass. There are
currently government incentives for renewable fuel production, most of which fall under
the Energy Independence and Security Act of 2007 and the Food, Conservation, and
Energy Act of 2008. Required amounts of biofuel production, both conventional and
advanced, under the Renewable Fuel Standard were discussed in Chapter II. It was noted
that the 2008 Farm Bill provides a $0.45 per gallon tax credit to blenders of gasoline and
ethanol, a reduction from the $0.51 per gallon tax credit that blenders received prior to
2008. At issue here is the effect of changes in this tax credit on the wholesale price of
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ethanol, the netback price received by ethanol producers, and the WTP for sweet
sorghum biomass.
It is assumed that the entire $0.45 credit received by the blender is passed through
the supply chain down to the ethanol producer and, ultimately, the farmer producing
sweet sorghum as an ethanol feedstock. This assumption is based off of Taheripour and
Tyner’s (2007) conclusions in their examination of benefits from ethanol subsidies.
Taheripour and Tyner (2007) asserted that the presence of required production amounts
of biofuels and limited production capacity of those fuels leads to the ethanol industry
capturing the entire ethanol subsidy, and that the portion of that subsidy passed to the
farmer increases as the percentage of the specific feedstock produced used in ethanol
production increases. It is assumed, then, that because all sweet sorghum grown will be
used as ethanol feedstock the farmers will receive the ethanol subsidy.
With no tax credit for ethanol, the wholesale price of ethanol would fall. The
February 2010 rack price of ethanol was $1.98 per gallon. Removing the tax credit
would yield a price of $1.53 per gallon of ethanol (i.e., the blender would no longer
receive the $0.45 credit, and would therefore be willing to pay less for ethanol). This
lower ethanol price would in turn affect other prices in the ethanol supply chain. Given
transportation and marketing costs of $0.20 per gallon, the netback price of ethanol
would fall to $1.33 per gallon. Further assuming that the cost of processing ethanol holds
constant at $0.75 per gallon, and fixed costs at $0.43 per gallon, the ethanol processor
would only be willing to pay $0.15 per gallon of ethanol for feedstock. Given a
conversion factor of 8.4 gallons of ethanol per wet ton of biomass, the most the ethanol
producing firm would be willing to pay per ton of biomass is $1.26 to just break even.
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This figure is well below the minimum price that a farmer would be willing to accept
under any production and transportation cost scenario considered in this research.
A program that has not been considered is the effect of the Small Ethanol
Producer Credit, established under the Omnibus Budget Reconciliation Act of 1990 and
expanded by the Energy Policy Act of 2005. This program provides a $0.10 per-gallon
tax credit for the first 15 million gallons of ethanol produced by a small ethanol producer.
A small ethanol producer is defined as an ethanol producer with production capacity of
less than 60 million gallons per year (Energy Policy Act, 2005). Under these
circumstances, an ethanol producer could pay more for feedstock, holding all other costs
constant, than if the credit were not in place.
For example, assuming a rack price of $1.98 for ethanol and $0.20 for
transportation and marketing, the producing firm’s netback price is $1.78 per gallon.
Subtracting the $0.75 per gallon processing cost and fixed cost of $0.43 per gallon leaves
a potential feedstock cost of $0.60 per gallon of ethanol produced. However, with the
Small Ethanol Producer Credit, the producer would now be willing to pay $0.70 per
gallon in feedstock costs, at least for the first 15 million gallons of ethanol produced.
Given a conversion factor of 8.4 gallons of ethanol per wet ton of biomass, the most an
ethanol producing firm would be willing to pay is $5.88 per wet ton for the first 1.79
million tons of biomass. Given the assumptions for per-acre production cost and yield
and biomass transportation costs, the ethanol processors’ WTP for biomass is less than
what farmers would be WTA for biomass. In order for WTP to equal WTA, the Small
Ethanol Producer Credit would have to increase from $0.10 per gallon to $0.75 per gallon
of ethanol produced.
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Ethanol Plant Fixed Costs
The primary focus of this research has been the variable costs of producing sweet
sorghum. These variable costs, such as feedstock costs, energy costs, and transportation
and marketing costs make up a large portion of costs faced by farmers and ethanol
producers. This does not diminish the importance of fixed costs and their influence on
the cost of producing ethanol. Martines-Filho, et al. (2006) give the fixed cost of
producing ethanol in Brazil at $0.21 per gallon, while in the United States they estimated
the range to be from $1.05 to $3.00 per gallon of ethanol. However, other sources differ.
Hofstrand (2010), following the work of Tiffany and Eidman (2003), in an examination
of the profitability of corn ethanol in the U.S., estimates that fixed costs only account for
about $0.21 per gallon of the costs of producing ethanol, with input costs, land rents, and
energy costs making up the remainder of the total cost. McAloon, et al. (2000) found
that fixed costs make up about 13 percent of the overall costs of ethanol production,
which at the time was roughly $0.11 per gallon, but, in 2009, was closer to the $0.21 per
gallon proposed by Hofstrand (2010).
It is assumed that the fixed costs associated with ethanol production remain
consistent across different production practices. Specifically it is assumed that fixed
costs of sweet sorghum ethanol production are similar to corn-ethanol production. Fixed
costs include depreciation, interest, plant labor and management, and property taxes.
Several other assumptions underlie the fixed cost estimate of $0.21 per gallon of
anhydrous ethanol, including a 120 million gallon per year operating capacity for the
plant, 39 employees per plant with salaries ranging from $30,000 to $90,000 per year, an
interest rate of 8.5 percent, a fifteen year estimated life of the plant, and total construction
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costs of $211,247,000. Finally, it is assumed that property taxes are $200,000 per year
and straight line depreciation is used to calculate annual depreciation (Hofstrand, 2010).
In order to understand the effect of various components on the fixed costs, the
figures proposed by Hofstrand (2010) are subjected to sensitivity analysis. For example,
Eidman (2007) asserts that the initial investment in a 120 million gallon per year (MGY)
ethanol plant is $180 million, considerably less than the initial investment of
$211,247,000 given by Hofstrand (2010). Assuming $180 million in startup costs, the
fixed costs per gallon of anhydrous ethanol fall from $0.2122 per gallon to $0.1841 per
gallon. Assuming a smaller plant size (60 million gallons per year) and its smaller initial
investment ($112.5 million), per unit fixed costs would be $0.25 per gallon.
Hofstrand (2010) assumes that 50 percent of construction costs and working
capital consist of debt, with an interest rate of 8.25 percent. This rate, according to
estimates by local banks (Staggers, 2010) is well within the range for such an investment.
While it is possible that a lower interest rate could be attained, depending on the nature of
the investors, Hood (2010) indicates that a farmer cooperative venture may have higher
interest rates than, for instance, a large corporation.
A slightly lower interest rate, 7 percent, lowers the fixed costs of producing
ethanol from $0.2122 per gallon to $0.2012 per gallon for a 120 MGY ethanol plant. An
even lower rate, such as the March Wall Street Journal Prime Rate of 3.25 percent (Wall
Street Journal, 2010) would further lower fixed costs to $0.1682. This change of over 20
percent in the fixed costs of producing ethanol can have a large impact on the
profitability of ethanol production and on the profitability of sweet sorghum production
by farmers.
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One area where sweet sorghum-based ethanol differs from corn-based ethanol is
the storage cost associated with the feedstock. In the case of a sweet sorghum-based
ethanol production facility, the producers would face some storage cost for the juice from
the sweet sorghum plant, as this is more stable than storage in the cut stalks, and reduces
the risk of fermentable sugar loss (Bennett and Anex, 2009). Assuming expressed juice
accounts for 70 percent of the weight of sweet sorghum biomass, and that the juice
weighs about eight pounds per gallon (Baldwin, 2010), an ethanol producing plant would
have to store large amounts of juice in order to ensure a continuous feedstock supply.
Various options are available for above-ground storage tanks that would suit the needs of
the ethanol refiner, varying in price from $66,000 for a 150,000 gallon capacity tank (BH
Tank, 2010) to over $3,000,000 for a 6,000,000 gallon tank (Southeastern Tank, 2010).
Heartland Tank Services (2010) estimated that the cost of constructing a 2,000,000 gallon
tank would be $420,000. Assuming that the useful life of the tank is the industry
standard of 50 years (Southeastern Tank, 2010) with zero salvage value and an
intermediate interest rate of 8.25 percent (Hofstrand, 2010), capital recovery costs per
year would be $35,320. Allocating these costs over the ethanol produced from the
feedstock stored in these tanks yields an additional fixed cost of storage of $0.18 per
gallon of refined ethanol.
This research assumes a 60 million gallon per year ethanol plant with an initial
construction cost of $112.5 million (Eidman, 2007). Like Hofstrand (2010), an interest
rate of 8.25 percent is used, and it is assumed that fifty percent of construction costs and
working capital consist of debt. Given these values, fixed costs are about $0.25 per
gallon of ethanol produced. An additional fixed cost of $0.18 per gallon of ethanol
produced is allocated for storage of the fermented juice (“wort”).
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In-Field Fermentation
A subject of interest in the conversion of sweet sorghum to ethanol is the location
of processing the harvested biomass. Various sources, such as Bellmer, et al. (2008),
have proposed an “in-field” pressing situation. In such a scenario, the biomass is crushed
directly after harvest at the farm, not at the ethanol producing facility. Recommendations
for this process involve the use of sweet sorghum harvesters that press sweet sorghum
stalks as they are harvested (Zimmerman, 2010). Although such a machine is not
commercially available at present, it is possible to estimate the costs of field side stalk
pressing and juice inoculation.
This section attempts to estimate the changes in farmers’ WTA given an
alternative form of processing. While the harvester mentioned by Zimmerman (2010) is
not commercially available at present, the process of in-field crushing can be carried out
by a smaller cane crushing unit located at field side. The expressed juice is then
inoculated and stored by the farmer, and is transported as fermented wort to the ethanol
producing plant. The added cost associated with in-field processing would increase the
minimum amount that farmers are willing to accept for the biomass.
In undertaking this method of biomass processing, the farmer takes on additional
costs associated with cane crushing and juice fermentation. In this scenario, it is assumed
that the farmer owns the machinery involved in processing the harvested cane. A cane
crushing press capable of crushing 27.5 tons of cane per hour has a purchase price of
$190,000 (West, 2010), including a 75 horsepower engine to power the machinery. Such
an engine has a per-hour operating cost of $2.69 to $3.24 (Productive Energy Solutions,
2010). Assuming that the machine operates at full capacity, this yields a variable cost of
$0.10 to $0.12 per ton of biomass processed. Assuming a yield of 23.4 wet tons of
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biomass per acre, the farmer will face a cost of $2.34 to $2.81 per acre for processing the
sweet sorghum biomass.
Allocating the fixed costs of this machine is more problematic. Little information
is available concerning the useful life and salvage value of cane crushing mills, leading to
difficulty in estimating the capital recovery charge for the machinery. This charge, as
outlined in production budgets from Mississippi State University’s Department of
Agricultural Economics (Corn, Grain Sorghum, and Wheat 2010 Planning Budgets,
2009), allows for the allocation of fixed costs over certain units. In this case the costs of
the machine are allocated per ton of biomass processed. Several assumptions are made in
these calculations in order to estimate values not found in literature. The useful life of a
cane crushing mill is assumed to be 20 years, with zero salvage value. An intermediate
term interest rate of 5 percent (Farm Service Agency, 2010) is used to calculate the
capital recovery factor (Corn, Grain Sorghum, and Wheat 2010 Planning Budgets, 2009),
which is then used to calculate the capital recovery cost per year, which is $15,246.10.
Assuming that the farmer produces and harvests 100 acres of sweet sorghum per year,
with an average yield of 23.4 tons of biomass per acre, this cost is allocated at $6.52 per
ton of biomass processed.
Yet another cost associated with in-field processing and fermentation is the cost
of inoculation and storage of the juice until it is transported to the ethanol refinery.
Farmers face a choice in the type of container used for fermentation and storage. Prices
for storage bladders range from $4,000 to $13,000, depending on the bladder material and
ancillary options, such as UV protection, ventilation systems, and transfer fittings
(Bowhead Environmental and Safety, 2010; Interstate Products, 2010). Common
capacity for these bladders is about 3,000 gallons. Makers of these bladders have
60

indicated that the useful life is about 15 years, but gave no indication of the salvage
value. Therefore, a zero salvage value is used to estimate the capital recovery costs for
the bladders, along with the 5 percent interest rate used earlier (Farm Service Agency,
2010). These figures give a capital recovery cost range of $385.37 to $1,252.45 per year
per bladder. Allocating the costs over the capacity of the bladder, storage costs
associated with these bladders ranges from $0.13 to $0.42 per gallon of juice stored.
Another option is to store fermented wort in more permanent structures. The cost
for large metal tanks depends on the size and dimensions of the tank (Southeastern Tank,
2010). Assuming a 150,000 gallon tank is used to store and ferment the expressed juice,
the initial cost to the farmer would be about $66,000 (BH Tank, 2010). Assuming a 5
percent intermediate interest rate (Farm Service Agency, 2010) and a fifty year life span
with zero salvage value (Southeastern Tank, 2010), capital recovery costs are about
$3,615.24 per year. Allocating the cost over the capacity of the storage tank, storage
costs associated with these tanks are $0.02 per gallon of juice stored. The lower storage
cost for the metal tanks is due to the longer life span of the tanks.
The amount and type of yeast used for in-field juice inoculation is outlined by
Bellmer, et al. (2008) and Kundiyana, et al. (2006). These studies found that one gram of
dry yeast per gallon of juice was sufficient to begin fermentation and stop juice spoilage,
and that Fermax brewer’s yeast was the best performing yeast. Given a $5.00 per pound
price of Fermax yeast (Fermentation Trap, 2010) and 4,095 gallons of juice per acre, this
yields an additional per acre cost of $45.14 per acre for the farmer, or about $1.93 per ton
of biomass.
As in the base case scenario, it is assumed that the farmer is responsible for the
cost incurred transporting the feedstock to the ethanol producing plant. Transportation
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companies in Mississippi were consulted for the cost of transporting liquid feedstock.
Miller Transporters (2010) estimated that the total cost to transport a load of liquid with a
weight of 8 pounds per gallon 40 miles would be $753.50, while Ergon Trucking (2010)
gave an estimate of $380.25. These figures include surcharges for fuel, calculated as a
percentage of the base load fee; Miller Transporters (2010) also charges a cleaning fee of
$200.00 for every load. While tanker trucks can have a capacity up to 9,000 gallons
(Wilson Environmental, 2010), weight limits would indicate that a one acre yield of
sweet sorghum juice (4,095 gallons) would be the most a tanker could haul.
Taking the variety of costs incurred during in-field processing into account, the
minimum amount that the farmer would be WTA per acre of biomass, assuming a yield
of 23.4 tons of wet biomass per acre, production and harvesting costs of $139.97 per acre,
and fermentation and storage in metal tanks, would be $806.17 per acre of biomass.
Assuming a 23.4 wet ton per acre yield and a 10.5 gallon per ton conversion factor, this
leads to a feedstock cost of $3.28 per gallon of ethanol for the ethanol producer.
Estimating ethanol producers’ WTP for feedstock in an in-field fermentation
scenario is problematic. Rahmani and Hodges (2009) gave a processing cost of $0.75 per
gallon of refined ethanol. However, beyond mentioning certain specific assumptions,
such as denaturant cost, this figure is not further broken down, leading to difficulty in
establishing the cost of operations that the ethanol producer would not face when
utilizing a liquid feedstock that had been extracted from sweet sorghum cane and
fermented at field-side. Nonetheless, it is possible to estimate the potential feasibility of
this production scenario, given available information. Assuming the highest recent
wholesale ethanol price of $2.58 per gallon, a transportation and marketing cost of $0.20
per gallon and fixed costs of $0.43 per gallon, the ethanol producer would be WTP a
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maximum of $1.95 per gallon of ethanol produced in feedstock cost. Given a yield of
23.4 tons of biomass per acre and a conversion factor of 10.5 gallons per ton (assuming
no fermentable sugar is lost due to relatively quick juice expression and inoculation), the
most an ethanol producing firm would be WTP is $479.12 per acre of biomass. This is
less than the minimum WTA value of $806.17 estimated for a farmer practicing in-field
fermentation. It should be noted that additional costs of processing to distill and denature
ethanol from the fermented wort would add to the producers’ costs, thus further
decreasing WTP.
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CHAPTER VI
ESTIMATION AND EXAMINATION OF PROFITS BY
DETERMINISTIC AND STOCHASTIC MODELING
IN REPRESENTATIVE COUNTIES IN
MISSISSIPPI
One approach to ascertain the potential viability of ethanol production from sweet
sorghum in Mississippi is to determine how a sweet sorghum enterprise competes with
other crops for the land resource. Two counties, Bolivar and Monroe, represent distinct
production areas in Mississippi. Bolivar County is located in the Mississippi Delta soiltype region; Monroe County contains a mix of Upper Coastal Plain soil and Blackbelt
Prairie soil. Agricultural data for these counties, including land area in farms, types of
land use, and acres in top crops are presented in Table 6.1.
Soybeans, corn, and cotton are among the top crops produced, as measured by
land area, in Bolivar and Monroe Counties. According to the 2007 Census of Agriculture
(2009), these three crops accounted for 72 percent of cropland use in Bolivar County and
52 percent of cropland use in Monroe County. The majority of the remaining cropland in
Bolivar County is devoted to rice production, while that in Monroe County is devoted to
forages and other small crops, such as tobacco and woody crops (2007 Census of
Agriculture, 2009). Should sweet sorghum be grown in either of these counties, it would
compete for land with soybeans, corn, and cotton, as the soil types best suited toward
their growth are also best for sweet sorghum (Horton, 2009).
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Table 6.1

Representative Data for Land Use in Bolivar and Monroe Counties
Bolivar
Land in Farms (acres)
Percentage of Land in
Cropland (%)
Soybeans
Acres in Production
State Rank
Average Yield (bu/acre)
Average Price (2005-2009)
($/bu)
Corn
Acres in Production
State Rank
Average Yield (bu/acre)
Average Price (2005-2009)
($/bu)
Cotton
Acres in Production
State Rank

Monroe

428,216

198,598

91.0

42.31%

175,870
1

21,285
18

40.4a

29.1a

7.79

7.79

46,760
6

19,327
15

156.4a

85.58a

3.41

3.41

56,518
1

3,018
34

Average Yieldd (lbs/acre)
848.8b
Average Price (2005-2009)
($/lb)
0.54
a
b
Average from 2005-2009
Average From 2004-2008
c

Average Across 2004, 2006, 2008

d

585c
0.54

Non-Irrigated Cotton Yield

Sources: 2007 Census of Agriculture (2009); National Agricultural Statistics Service
(2010)
According to the 2007 Census of Agriculture (2009), the total market value of all
crops produced in Bolivar County (including nursery and greenhouse crops) in 2007 was
$181,561,000. The total market value of crops produced in Monroe County was
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$13,871,000. Crops, as a whole, accounted for 99 and 52 percent of the market value of
agricultural products in Bolivar County and Monroe County, respectively. The
remainder in each county was attributed to livestock, poultry, and their products. Table
6.1 shows the average yields for corn, cotton, and soybeans in Bolivar and Monroe
Counties, along with the average price during recent years of these crops. Price data for
corn, cotton, soybeans, and wheat were collected from the USDA National Agricultural
Statistics Service (NASS). All prices are those listed as prices in Mississippi prices,
except cotton, for which a state-level price was not available. The cotton price is the
average U.S. price of cotton from 2005-2009.

Deterministic Model
Budget publications from Mississippi State University’s Department of
Agricultural Economics are used to estimate costs for production of corn, cotton, and
soybeans in Bolivar and Monroe Counties. While these budgets are estimates of actual
costs to the farmer and “real world” costs may differ, it is assumed that the information
they provide is more accurate for Mississippi conditions than information provided by
other sources, such as USDA’s Economic Research Service. Also, the methods used to
determine the per-acre production costs in the corn, cotton, and soybean enterprise
budgets are consistent with those used to determine the per-acre production costs of
sweet sorghum in this research; they both depend on the Mississippi State Budget
Generator.
Various practices are presented in the budget publications, leading to different
costs in each scenario. To more accurately compare the given crops to sweet sorghum,
“no irrigation” scenarios are assumed, where available. Sweet sorghum needs little to no
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irrigation in Mississippi, thus this assumption provides a more realistic comparison of
potential costs for the farmer. As Bolivar County is located in the Mississippi Delta
region, and Monroe County is located in the Blackbelt Prairie/Upper Coastal Plain,
enterprise budgets for Delta and non-Delta regions are consulted for the respective
counties (Corn, Grain Sorghum and Wheat 2010 Planning Budgets, 2009; Cotton 2010
Planning Budgets, 2009; Soybeans 2010 Planning Budgets, 2009; Non-Delta 2010
Planning Budgets, 2009).
The potential opportunity costs farmers would incur from planting and harvesting
sweet sorghum is an important part of the decision making process. Revenue foregone
from the crops replaced by sweet sorghum is easily observed and quantifiable. Other
factors, such as forgone government payments, are more dependent on historic land use
and market prices for the various commodities. However, in the short run under current
law, should farmers in Bolivar or Monroe County switch land from corn, cotton, or
soybean production to sweet sorghum production, they will not forgo those payments
(Coble, 2010).
For the purpose of comparison, the per acre cost of producing sweet sorghum,
$139.97, as developed previously, is used. An average yield of 23.4 tons of wet biomass
is expected per acre of sweet sorghum on “average” land, with poorer quality land
yielding 25 percent less, and “good” quality land yielding 25 percent more (Baldwin,
2010). Based on communication with Horton (2009) and Baldwin (2010), is it assumed
that Bolivar County represents “good” quality land, and Monroe County represents
“average” land. Given the average wholesale ethanol price from February, 2010, $1.98
per gallon (Ethanol Market, 2010) and transportation and marketing costs of $0.20 per
gallon (Eidman, 2007), the netback price of ethanol is $1.78 per gallon. Subtracting the
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$0.75 per gallon processing cost (Rahmani and Hodges, 2009), and $0.43 per gallon fixed
costs (Hofstrand, 2010) this leaves a maximum of $0.60 per gallon for feedstock costs
that the firm is willing to pay.
Transportation costs of the biomass are a factor in determining feedstock price,
given that the sweet sorghum biomass producer pays the cost of transporting the
feedstock to the ethanol refinery. Various transportation costs for sweet sorghum
biomass (still “in-stalk,” before pressing) are given. Morris (2008) estimated
transportation costs to be $0.33 per ton per mile, while Salsassi (2010), noting that sweet
sorghum transportation costs would be equivalent to sugarcane transportation costs,
estimated a loading fee of $1.00 per ton of biomass, and a cost of $0.15 per ton per mile.
Broussard (2010) gave information on Louisiana Sugarcane Cooperative’s hauling rates,
which start at $1.235 for the first mile, and increase $0.205 per mile, up to 21.2 miles.
After 21.2 miles, a flat maximum rate of $5.38 per ton applies. It is assumed that the
refinery is located 40 miles from the production point (Worley, et al., 1992). Assuming
that one ton of wet sweet sorghum biomass yields 10.5 gallons of ethanol, as supported
by Baldwin (2010) and Rahmani and Hodges (2009), the potential biomass yields,
ethanol yields and costs of production and transportation for the two counties are
presented in Table 6.2.
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Table 6.2

Potential Biomass Yield, Ethanol Yield, Production Cost and Transportation
Cost for Bolivar and Monroe Counties
County

Bolivar

Monroe

Biomass Yield
(Wet
Tons/Acre)

29.25

23.40

Ethanol Yield
(Gallons/Acre)

245.70

196.56

Production
Cost (per
Acre)

$139.97 $139.97

Transportation
Costs
(Morris, 2008)

$386.10 $308.88

Transportation
Costs (Salassi,
2010)

$204.75 $163.80

Transportation
Costs
(Broussard,
2010)

$157.37 $125.89

Stochastic Model
Further research was performed to determine potential profits for sweet sorghum,
soybeans, corn, and cotton in Bolivar and Monroe Counties. This facet of the research
involved the simulation of prices for corn, cotton, and soybeans and the simulation of
wholesale ethanol prices. Empirical data were gathered from the United States
Department of Agriculture’s National Weekly Ethanol Summary and the National
Agricultural Statistics Service (Agricultural Marketing Service, 2007-2010; National
Agricultural Statistics Service, 2010). These data are from April, 2007 to March, 2010.
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Spearman correlation coefficients between the wholesale price of ethanol and the prices
of corn, cotton, and soybeans were calculated, as shown in Table 6.3.

Table 6.3

Spearman Correlation Coefficients for Wholesale Ethanol Price, Corn Price,
Cotton Price, and Soybean Price

Spearman Correlation Coefficients, N = 36
Wholesale
Ethanol
Corn Cotton
Soybean
Price
Price
Price
Price
($/gal)
($/bu)
($/lb)
($/bu)
Wholesale
Ethanol
Price ($/gal)
1 0.43455 0.45775
0.42284
Corn Price
($/bu)
0.43455
1 0.39202
0.75443
Cotton Price
($/lb)
0.45775 0.39202
1
0.50663
Soybean
Price ($/bu)
0.42284 0.75443 0.50663
1
Source: Agricultural Marketing Service, 2007-2010; National Agricultural Statistics
Service, 2010
Given these correlation coefficients, 5000 prices were simulated using the Phoon,
Quek, and Huang (PQH) procedure, the means and standard deviations of which are
shown in Table 6.4. This procedure allows for the simulation of variables while
maintaining the correlation between the variables (Phoon, et al., 2004; Anderson, et al.,
2009). These simulated prices were then used, along with data from budgets constructed
for this research, expected yields for sweet sorghum, corn, cotton, and soybeans,
production costs from budgets published by Mississippi State University’s Department of
Agricultural Economics, and transportation costs from various sources to estimate profits
for sweet sorghum, corn, cotton, and soybeans.
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Table 6.4

Mean and Standard Deviation of Simulated Prices
Variable

Mean

Standard
Deviation

Wholesale Ethanol Price ($/gal)

$1.87

0.33951

Corn Price ($/bu)

$3.99

0.64293

Cotton Price ($/lb)
Soybean Price ($/bu)

$0.55
$9.96

0.08178
1.66285

The profit calculations for both counties require several assumptions. Expected
yields for sweet sorghum, corn, cotton, and soybeans were in Tables 6.1 and 6.2. The
per-acre production costs of sweet sorghum biomass are $139.97 per acre, and production
costs for the competing crops are taken from budget publications from MSU’s
Department of Agricultural Economics. The difference between the sets of simulated
profits for sweet sorghum biomass in each county is the transportation cost incurred by
the farmer. Given these different transportation costs, potential profits are calculated for
sweet sorghum, along with potential profits for corn, cotton, and soybeans in Bolivar and
Monroe Counties. Profit calculations in both cases for sweet sorghum assume that the
ethanol producing firm just breaks even on the production of ethanol (ie, that the firm
pays the maximum that it could pay for sweet sorghum biomass).
Model Results
To calculate the potential price of sweet sorghum biomass, a wholesale ethanol
price of $1.98 (Ethanol Market, 2010) is used. Subtracting the $0.20 per gallon
transportation and marketing cost for refined ethanol, $0.43 per gallon in fixed costs, and
the $0.75 per gallon processing costs for refined ethanol yields a maximum feedstock
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cost of $0.60 per gallon of ethanol. Assuming an 8.4 gallon per wet ton conversion
factor, the ethanol producing firm would be willing to pay up to $5.04 per ton of biomass.
Sweet sorghum biomass per acre estimated production costs, potential revenue, estimated
transportation costs (at a distance of 40 miles) and potential profits are shown in Table
6.5. Estimated profits for sweet sorghum are negative under even the lowest estimated
transportation costs. Although estimated revenue was greater in Bolivar County than in
Monroe County, increased transportation costs due to higher expected yield in Bolivar
County (29.25 tons per acre, as opposed to 23.4 tons per acre in Monroe County) lead to
lower potential profits for sweet sorghum in Bolivar County in all scenarios.
Table 6.6 encapsulates potential yield, cost, revenue, and profit data for corn,
cotton, and soybeans in Bolivar and Monroe Counties. The yields used were those
reported in Table 6.1. Costs are drawn from Mississippi State University’s Department
of Agricultural Economics Planning Budgets for 2010 for both Delta and Non-Delta
regions. Costs listed are “specified expenses,” which are an attempt to capture both
variable and fixed costs. Revenue equals expected yield per-acre multiplied by the
expected price. Profit is revenue minus specified cost. It should be noted that revenue
and profits reported in Table 6.6 do not include government payments. These payments,
in the short run, are not contingent upon the crop produced (Coble, 2010).
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Table 6.5

Estimated Production and Transportation Costs, Potential Revenue and
Profits for Sweet Sorghum Biomass in Bolivar and Monroe Counties
County
Revenue (per Acre)
Production Cost (per
Acre)
Transportation Costs
per Acre
(Morris, 2008)
Transportation Costs
per Acre
(Salassi, 2010)
Transportation Costs
per Acre
(Broussard, 2010)
Profit per Acre (Morris,
2008 Transportation
Cost)
Profit per Acre (Salassi,
2010 Transportation
Cost)
Profit per Acre
(Broussard, 2010
Transportation Cost)
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Bolivar
$147.42

Monroe
$117.94

$139.97

$139.97

$386.10

$308.88

$204.75

$163.80

$157.37

$125.89

-$378.65

-$330.91

-$197.30

-$185.83

-$149.92

-$147.92
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Production
Cost (per
Expected
Acre)
Yield

Production
Cost (per
Acre)

Expected
Yield
156.4
bu/ac
848.8
lbs/ac

Monroe County (Non-Delta

Bolivar County (Delta)

Estimated Production Costs, Yields, Prices, Revenues, and Profits for Major Crops in Bolivar and Monroe Counties

Corn, Delta Region: Conventional tillage, Roundup Ready seed, 8-row 38”, non-irrigated.

Corn, Non-Delta Region: No-tillage, Biotech Roundup Ready seed, 8-row 30”

Cotton, Delta Region: Conservation tillage, Biotech Roundup Ready seed, 12-row 38” solid

Cotton, Non-Delta Region: Conservation tillage, Biotech Roundup Ready seed, 8-row, 38” solid

Soybeans, Delta Region: Stale seedbed, early planted, Roundup Ready seed, 12-row 20”

Soybeans, Non-Delta Region: Reduced tillage, early planted, Roundup Ready seed, 12-row 20”

a

b

c

d

e

f

Price Revenue Profit
Price
Revenue Profit
$3.41
$3.41
Corn
$374.32a
per bu $533.95 $159.63
$361.44b
85.6 bu/ac per bu
$292.17 -$69.21
$0.54
585.0
$0.54
Cotton
$601.14c
per lb $460.90 -$140.24 $623.15d
lbs/ac
per lb
$317.66 -$305.50
$7.79
$7.79
Soybeans 236.28e
40.4 bu/ac per bu $314.72 $78.44
$244.44f
29.1 bu/ac per bu
$226.69 -$17.75
Source: Corn, Grain Sorghum and Wheat 2010 Planning Budgets (2009), Soybean 2010 Planning Budgets (2009), Cotton 2010
Planning Budgets (2009), Non-Delta 2010 Planning Budgets (2009), National Agricultural Statistics Service (2010), Economic
Research Service (2010)

Crop

Table 6.6

The second portion of this estimation makes use of the Phoon, Quek, and Huang
(PQH) procedure to simulate 5000 random prices for ethanol, corn, cotton, and soybeans
with the same correlation probability as 36 month of empirical data gathered from the
USDA’s Agricultural Marketing Service (AMS) and the National Agricultural Statistics
Service (NASS) (Anderson, et al., 2009; Agricultural Marketing Service, 2007-2010;
National Agricultural Statistics Service, 2010). These prices are then multiplied by
expected yields to calculate potential gross revenue for farmers in Bolivar and Monroe
County. Production costs for the different crops are then subtracted from the gross
revenue in order to estimate the distribution of potential profit for the farmer.
Government payments to the farmer are not included in these calculations.
Different transportation cost scenarios are used to examine the potential feasibility
of sweet sorghum, when compared to other crops, in Bolivar and Monroe Counties. The
first scenario, (Tables 6.7 and 6.8) uses a transportation cost of $0.33 per ton of sweet
sorghum biomass per mile. In each of these cases, stalk crushing and juice extraction are
carried out at the ethanol producing plant, so the material transported is the sweet
sorghum stalk itself. Additionally, the plant is assumed to be located 40 miles from the
production point (i.e., the farm). Figures 6.1 and 6.2 show the distribution of estimated
profits from sweet sorghum in Bolivar and Monroe Counties given Morris’ (2008)
transportation cost.
Sweet sorghum production has negative mean profits in both counties, ($352.66)
per acre in Monroe County (Table 6.7) and ($405.83) per acre in Bolivar County (Table
6.8). Sweet sorghum had the lowest mean profits of the four crops examined in both
counties, followed by cotton. Potential profits for sweet sorghum were positive in less
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than one percent of cases in Bolivar County, and never in Monroe County, given Morris’
(2008) transportation cost.

Table 6.7

Estimated Monroe County Profits, Morris (2008) Transportation Cost

Variable
Monroe Sweet
Sorghum Profit
Monroe Corn Profit
Monroe Cotton
Profit
Monroe Soybean
Profit

Figure 6.1

Std
N
Mean
Dev
5000 -$352.66 $66.78

Median Minimum Maximum
-$358.23 -$529.41
-$24.72

5000 -$19.48 $55.84
5000 -$305.70 $47.01

-$23.86
-$309.25

-$182.53
-$441.22

$225.59
-$93.20

5000 -$234.51

-$234.64

-$238.82

-$225.96

$1.66

Estimated Monroe County Sweet Sorghum Profit Distribution, Morris
(2008) Transportation Cost
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Table 6.8

Estimated Bolivar County Profits, Morris (2008) Transportation Cost

Variable
Bolivar Sweet
Sorghum Profit
Bolivar Corn
Profit
Bolivar Cotton
Profit
Bolivar Soybean
Profit

Figure 6.2

N
Mean Std Dev
5000 -$405.83 $83.47
5000

$249.63 $102.04

Median Minimum Maximum
-$412.80 -$626.77
$4.09
$241.61

-$48.36

$697.49

5000 -$140.54

$68.21

-$145.69

-$337.16

$167.79

5000

$66.88

$159.57

-$9.43

$510.48

$164.91

Estimated Bolivar County Sweet Sorghum Profit Distribution, Morris
(2008) Transportation Cost

The second scenario uses transportation cost estimates provided by Salassi (2010)
from Louisiana State University for transporting sugar cane from field to the processing
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mill. Salassi (2010) indicated that transportation costs for sweet sorghum and sugar cane
would be very similar, allowing the use of these transportation costs as an estimate of
sweet sorghum transportation costs. Mean potential profits for sweet sorghum in this
case are higher in both Bolivar and Monroe Counties than under Morris’ (2008)
transportation cost, although they are still negative. In Monroe County (Table 6.9), sweet
sorghum has the second highest mean profits after corn, although farmers are still
realizing negative profits of about $207.58 per acre. However, this is smaller than the
negative profits realized from the competing crops of cotton and soybeans. Mean
potential profits in Bolivar County (Table 6.10) are also negative, with the farmer
realizing losses of $224.48 per acre in this scenario; sweet sorghum has the lowest mean
estimated profits for any crop in Bolivar County. Estimated profits are positive 0.90
percent of the time and 0.40 percent of the time in Bolivar and Monroe Counties,
respectively, given Salassi’s (2010) transportation cost. Figures 6.3 and 6.4 show the
distribution of estimated sweet sorghum profits given Salassi’s (2010) transportation cost.

Table 6.9

Estimated Monroe County Profits, Salassi (2010) Transportation Cost
Std
N
Mean
Dev
5000 -$207.58 $66.78

Variable
Monroe Sweet
Sorghum Profit
Monroe Corn Profit 5000 -$19.48 $55.84
Monroe Cotton
5000 -$305.70 $47.01
Profit
Monroe Soybean
5000 -$234.51 $1.66
Profit
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Median Minimum Maximum
-$213.15 -$384.33
$120.36
-$23.86
-$309.25

-$182.53
-$441.22

$225.59
-$93.20

-$234.64

-$238.82

-$225.96

Figure 6.3

Table 6.10

Estimated Monroe County Sweet Sorghum Profit Distribution, Salassi
(2010) Transportation Cost

Estimated Bolivar County Profits, Salassi (2010) Transportation Cost

Variable
Bolivar Sweet
Sorghum Profit
Bolivar Corn
Profit
Bolivar Cotton
Profit
Bolivar Soybean
Profit

N
5000

Mean Std Dev
-$224.48 $83.47

5000

$249.63 $102.04

Median Minimum Maximum
-$231.45 -$445.42
$185.44
$241.61

-$48.36

$697.49

5000

-$140.54

$68.21

-$145.69

-$337.16

$167.79

5000

$164.91

$66.88

$159.57

-$9.43

$510.48
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Figure 6.4

Estimated Bolivar County Sweet Sorghum Profit Distribution, Salassi
(2010) Transportation Cost

In the last scenario, transportation costs provided by Jeff Broussard from the
Louisiana Sugarcane Cooperative (Broussard, 2010) were used to calculate total costs to
the farmer, and therefore potential profits that the farmer would realize. The mean profits
for Monroe and Bolivar Counties are reported in Tables 6.11 and 6.12. The distributions
of profits under this scenario are presented in Figures 6.5 and 6.6 for Monroe and Bolivar
Counties.
Monroe County estimated mean profits for sweet sorghum under these
transportation cost assumptions were negative under Broussard’s (2010) transportation
costs, with the farmer realizing negative mean profits of $169.67 per acre. This mean
estimated profit was the second highest mean estimated profit for the crops examined in

80

Monroe County. Estimated profits were positive 1.3 percent of the time in Monroe
County under Broussard’s (2010) transportation costs.

Table 6.11

Estimated Monroe County Profits, Broussard (2010) Transportation Cost

Variable
Monroe Sweet
Sorghum Profit
Monroe Corn
Profit
Monroe Cotton
Profit
Monroe Soybean
Profit

Figure 6.5

N
Mean
5000 -$169.67

Std
Dev
Median Minimum Maximum
$66.78 -$175.24 -$346.42 $158.27

5000 -$19.48

$55.84 -$23.86

-$182.53

$225.59

5000 -$305.70

$47.01 -$309.25 -$441.22

-$93.20

5000 -$234.51

$1.66

-$225.96

-$234.64 -$238.82

Estimated Monroe County Sweet Sorghum Profit Distribution, Broussard
(2010) Transportation Cost
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Mean estimated profits for sweet sorghum were also negative in Bolivar County
when Broussard’s (2010) transportation costs are taken into account, with farmers
potentially losing an average of $177.10 per acre. Mean estimated profits for sweet
sorghum are lower than those of any of the competing crops in Bolivar County.
Estimated Bolivar County profits for sweet sorghum are positive 2.56 percent of the time.

Table 6.12

Estimated Bolivar County Profits, Broussard (2010) Transportation Cost

Variable
Bolivar Sweet
Sorghum Profit
Bolivar Corn
Profit
Bolivar Cotton
Profit
Bolivar
Soybean Profit

N
5000

Mean Std Dev
-$177.10 $83.47

5000

$249.63 $102.04

Median Minimum Maximum
-$184.06 -$398.03
$232.82
$241.61

-$48.36

$697.49

5000

-$140.54

$68.21

-$145.69

-$337.16

$167.79

5000

$164.91

$66.88

$159.57

-$9.43

$510.48
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Figure 6.6

Estimated Bolivar County Sweet Sorghum Profits Distribution, Broussard
(2010) Transportation Cost
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CHAPTER VII
SUMMARY AND CONCLUSIONS
The objective of this research was to determine the economic feasibility of
producing sweet sorghum as an ethanol feedstock in Mississippi. This chapter presents
the conclusions drawn from this research and suggestions for further study of sweet
sorghum biomass as an ethanol feedstock.
Enterprise budgets constructed for this research showed a range of production
costs from $122.50 to $340.34 per acre. This range reflects different recommendations
for inputs from scientific literature concerning the best management practices for
producing sweet sorghum biomass, including seeding rates, fertilizer, lime, pesticide, and
herbicide application, and implement use. This range covers other estimates of per-acre
production costs of sweet sorghum, from the low end given by Maxey et al. (1989) and
Worley, et al. (1992), to the higher end given by Hallam, et al. (2001). While an
estimated cost of $139.97 per acre, achieved using moderate levels of inputs as suggested
by Koppen, et al. (2009), is used in much of the analysis in this research, the actual cost
of producing sweet sorghum biomass will also depend on the inputs dictated by the
growing region and soil type.
Also, the cost of producing and delivering sweet sorghum biomass depends on the
transportation costs. Distance transported in this research was assumed to be 40 miles
(Worley, et al.¸1992); longer or shorter hauling distances would obviously change the
cost incurred. Three different transportation cost estimates were used, ranging from a
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cost of $125.89 per acre (Broussard, 2010) to $308.88 per acre (Morris, 2008), given a
23.4 ton per acre yield and a distance of 40 miles. Changes in these transportation costs
would lead to changes in farmers’ breakeven prices.
Using the breakeven costs from the enterprise budgets, the effect of various key
factors on the marginal willingness to pay and marginal willingness to accept for sweet
sorghum biomass was estimated. Marginal WTA was derived from the total economic
costs associated with the production of sweet sorghum biomass, such as the costs of
planting, maintaining, harvesting, and transporting the biomass, along with farmers’
opportunity cost. Marginal WTP was associated with the wholesale price of ethanol,
along with transportation and marketing costs for refined ethanol and the cost of
processing the biomass into ethanol.
Analysis performed on key factors affecting farmers’ WTA and ethanol
producers’ WTP for biomass showed no opportunity for intersection between the two,
given the assumptions used in this research. Analysis shows that under no circumstances,
given a recent wholesale ethanol price (Ethanol Market, 2010), would estimated WTP
meet or exceed estimated WTA. Natural gas prices and transportation and marketing cost
levels also showed no intersection of WTP and WTA, even when they equaled zero.
Similarly, the application of all government subsidies and tax credits that
currently would apply to sweet sorghum based ethanol (the $0.45 per gallon blender tax
credit and the Small Ethanol Producer Credit of $0.10 per gallon) did not raise WTP to
the estimated WTA value for farmers. Even at the higher ranges of historic wholesale
ethanol prices, there was no intersection between WTP and WTA. While many factors
affect the economic potential for producing sweet sorghum as a biofuel feedstock, the
potential for WTP to meet or exceed WTA in the cases examined shows little opportunity
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for the existence of a market for sweet sorghum biomass as an ethanol feedstock, given
the assumptions used in this study.
Profits for sweet sorghum and competing crops were estimated through
deterministic and stochastic models for both Bolivar and Monroe Counties, which
represent distinct production areas (Delta and Non-Delta) in Mississippi. The
deterministic model made use of average prices for wholesale ethanol, corn, cotton, and
soybeans, while the stochastic model used the Phoon, Quek, and Huang (PQH)
procedure to simulate 5,000 correlated values for these prices (Phoon, et al., 2004;
Anderson, et al., 2009). Both methods utilized average estimates of yields in the two
counties, along with production costs from budgets published by Mississippi State
University’s Department of Agricultural Economics (Corn, Grain Sorghum & Wheat
2010 Planning Budgets, 2009; Cotton 2010 Planning Budgets, 2009; Soybeans 2010
Planning Budgets, 2009; Non-Delta 2010 Planning Budgets, 2009).
Estimated profits for sweet sorghum were negative for both counties in the
deterministic model, even under the lowest examined transportation cost structure. The
highest estimated profits per-acre for sweet sorghum biomass were below estimated
profits for corn and soybeans in Monroe County (which were also negative), and below
estimated profits for all examined competing crops in Bolivar County. Given these
results, farmers would have more incentive to produce sweet sorghum biomass than
cotton in Monroe County, but would be more likely to produce higher returning crops,
such as corn or soybeans, in both Monroe and Bolivar Counties.
Mean estimated profits for sweet sorghum from the stochastic method were also
negative in both counties under all examined transportation cost structures. Given the
lowest estimate of transportation cost for sweet sorghum biomass (Broussard, 2010),
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mean estimated profits for sweet sorghum were below those of corn in Monroe County
and below those of corn, cotton, and soybeans in Bolivar County. Additionally, the
probability of positive profits for sweet sorghum was much lower for sweet sorghum than
at least one of the competing crops in Monroe and Bolivar Counties. Sweet sorghum is
estimated to have positive profits 1.3 percent of the time in Monroe County, compared
with corn, which is estimated to have positive profits 34.2 percent of the time. In Bolivar
County, estimated sweet sorghum profits were positive 2.6 percent of the time, compared
to corn and soybeans with positive estimated profits 99.8 and 99.9 percent of the time,
respectively. Assuming a profit maximizing farmer, the incentive would be to produce
crops with a higher chance of positive profits.
In addition to the market analysis shown in Chapter V, an examination of
potential profits for sweet sorghum, compared with potential profits for competing crops,
leads one to conclude that sweet sorghum will not be grown as an ethanol feedstock in
Mississippi. Farmers in the areas examined have alternatives that would provide higher
profits, and would therefore be more likely to chose to produce those crops than sweet
sorghum biomass. While sweet sorghum may be a viable source of biofuel with ethanol
yields comparable to corn, at present the incentive lies with other crops for a profitmaximizing farmer.
An area of interest in examining sweet sorghum as an ethanol feedstock is
comparing the costs and benefits of production with those of corn on a per-gallon basis.
Given Broussard’s (2010) transportation cost, a per-acre production cost of $139.97 per
acre, and a yield of 23.4 tons per acre, the cost of producing and delivering a ton of sweet
sorghum biomass is $11.36 per ton of biomass. Assuming a conversion factor of 8.4
gallons of ethanol per ton of biomass, at this price the ethanol producing firm pays $1.35
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per gallon of ethanol produced in feedstock costs, and the farmer just breaks even on the
cost of producing biomass. Conversely, given an average corn price of $3.41 per bushel
(as used in the deterministic model in Chapter VI) and a conversion factor of 2.81 gallons
of ethanol per bushel of corn (Eidman, 2007), the ethanol producing firm faces a
feedstock cost of $1.21 per gallon of ethanol produced, which is $0.15 lower per gallon
than sweet sorghum-based ethanol production.
Additionally, corn ethanol producers are able to market distiller’s dried grains
with solubles (DDGS), a byproduct of ethanol production. Tiffany and Eidman (2003)
give a price of $75 per ton of DDGS, with an assumption that one bushel of corn
produces 18 pounds of DDGS. Given this price of DDGS and the conversion factor of
2.81 gallons of ethanol per bushel of corn, producers are gaining additional revenue of
$0.24 per gallon of ethanol produced from the sale of DDGS. The lower feedstock cost
per gallon of ethanol, combined with the potential revenue from the sale of byproducts,
explains some of the attractiveness of corn as an ethanol feedstock versus sweet sorghum.
Additionally, it should be noted that the price of corn is subject to more than the WTP of
ethanol producers, as corn has uses for food and feed. This research has assumed that the
price of sweet sorghum biomass is solely subject to ethanol producers’ WTP, due to the
small nature of the market for sweet sorghum as an ingredient for syrup (Bitzer, 2009).
There are multiple areas for expanded research on the economic feasibility of
sweet sorghum. One of the most apparent is the potential for in-field processing of the
biomass. Although this research addresses the prospect of in-field processing and
fermentation, the baseline assumption is that all processing will take place at a single
facility. Incomplete information on the costs associated with biomass processing at the
refinery leads to difficulty in estimating the WTP of ethanol producers for a partially
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processed material, such as fermented liquid (“wort”). A more in-depth breakdown of
the costs of processing and fermentation than that given by Rahmani and Hodges (2009)
is necessary for this analysis.
Another potential area for research is that of byproducts in ethanol production
from sweet sorghum. Corn ethanol plants make use of byproducts, such as distiller’s
dried grains with solubles (DDGS), and sugarcane-based ethanol makes use of the solid
and liquid byproducts after fermentation. Potential uses of the crushed stalks could
provide additional revenue for either the ethanol producer or the farmer, depending on the
point of processing, whether used as animal feed, a source of heat for combustion, or a
feedstock for cellulosic ethanol. The inclusion of byproduct marketing could affect WTP
and WTA for sweet sorghum biomass in such a way as to make it a more attractive
feedstock for advanced ethanol production, thereby helping to fulfill some of the goals set
forth in the Renewable Fuel Standard.
A final area of further potential research is that of new policy that would affect
sweet sorghum-based ethanol production. Currently only the excise tax credit of $0.45
per gallon and the Small Ethanol Producer Credit of $0.10 per gallon apply to sweet
sorghum-based ethanol. Additional carve-outs for ethanol production are limited to
cellulosic ethanol and do not include other types of advanced (non-corn) ethanol
production. Changes in this credit structure, especially a specific carve-out for advanced
ethanol, would affect the WTA/WTP for sweet sorghum biomass as an ethanol feedstock,
and would require further research to ascertain the economic feasibility of sweet sorghum
as an ethanol feedstock under these new stipulations.
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BIOFUEL POLICY DEFINITIONS
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As research has proceeded in the area of biofuels, some of the biggest issues
driving the development of these fuels are the government subsidies and credits available
to biofuel producers. However, due to ambiguity in the wording of various rules and
legislation, confusion has resulted as to where different forms of biofuels fall in the grand
structure of subsidy schemes. The Energy Independence and Security Act of 2007
provides definitions of the terms “advanced biofuel,” “cellulosic biofuel,” and “biomass
based diesel.” The aim of the following is to establish the definitions of these different
categories of biofuels, along with clarifying some of the characteristics upon which these
definitions hinge.
Title II, Energy Security Through Increased Production of Biofuels (Subtitle ARenewable Fuel Standard) of EISA 2007 offers clarification of several definitions. The
following is a listing of the applicable terms found in this section of EISA 2007:
Additional Renewable Fuel: any fuel produced from a renewable biomass that is
intended to reduce or replace the use of fossil fuel in home heating oil or jet fuel.
Advanced Biofuel: renewable fuel with lifecycle greenhouse gas emissions at
least 50% less than the baseline lifecycle greenhouse gas emission set by the
Administrator of the Environmental Protection Agency. This group includes cellulosic
based ethanol, ethanol derived from sugar or starch, biomass based diesel, biogas created
through conversion of organic matter to renewable biomass, butanol derived from the
conversion of organic matter to renewable biomass, and other fuel derived from
cellulosic biomass. Most importantly, this definition does not include corn starch based
ethanol.
Baseline Lifecycle Greenhouse Gas Emissions: the average lifecycle
greenhouse gas emissions for either gasoline or diesel, whichever the biofuel in question
100

is replacing. EISA 2007 states that this is based on gas or diesel “sold or distributed as
transportation fuel in 2005.”
Biodiesel: a renewable fuel produced from agricultural resources such as
vegetable oils.
Biomass Based Diesel: biodiesel with lifecycle greenhouse gas emissions at least
50% less than baseline lifecycle greenhouse gas emissions.
Cellulosic Biofuel: renewable fuel derived from cellulose, hemicellulose, or
lignin that is itself derived from renewable biomass. To be classified as cellulosic
biofuel, the biofuel in question must also have lifecycle greenhouse gas emissions that are
60% less than the above referenced Baseline Lifecycle Greenhouse Gas Emissions.
Conventional Biofuel: renewable fuel derived from corn starch, otherwise known
as corn-based ethanol.
Greenhouse Gas: carbon dioxide, hydroflourocarbons, methane, nitrous oxide,
perflourocarbons, sulfur hexafluoride, and other gases (as determined by the
Administrator of the EPA) whose origin or proliferation is thought to originate with
humans.
Lifecycle Greenhouse Gas Emissions: the aggregate quantity of greenhouse gas
emissions (including both direct emissions and indirect emissions, such as land use
changes), as determined by the Administrator of the EPA, related to the fuel lifecycle
from feedstock production to final use of the finished fuel by the consumer.
Renewable Biomass: planted crops and crop residue harvested from agricultural
land that is actively managed or fallow, and nonforested; planted trees and tree residue
from actively managed tree plantations; animal waste material and byproducts; slash and
pre-commercial thinnings from non-federal forestlands; biomass obtained from
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residential and commercial areas that are at risk of wildfire; algae, yard and food waste,
included recycled cooking oil and trap grease.
Renewable Fuel: fuel produced from renewable biomass used to replace or
reduce the amount of fossil fuels utilized as transportation fuel.
Transportation Fuel: fuel used in motor vehicles and engines, or nonroad
vehicles and engines, excluding oceangoing vessels.
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Aug

May

Apr

Apr

11.90
17.81

1.25

1.25

4.22

MTH DIRECT

4.04
8.45

0.87

0.87

2.67

12.31
13.80

0.09

14.89
18.56

0.13

0.13

2.00

0.84

0.09

1.41

0.74

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

0.51
0.71

0.05

0.05

0.10

5.57
7.72

0.51

0.51

1.13

2.00

4.26

3.11

28.00

0.60

2.00

5.00

3.23

PRICE

TOTAL

47.67

8.52

6.22

16.80

16.13

47.90
114.01
2.54
5.95
122.50

2.85
8.52

6.22

2.85

16.80

2.84
16.13

9.90

COST COST
dollars

OPERATING/DURABLE
INPUT

HOURS COST AMOUNT
dollars

ALLOC LABOR

Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 1

SIZE/ POWER
PERF TIMES
UNIT
UNIT SIZE
RATE OVER
OPERATION/OPERATING INPUT
Planting
1.00
8RMFWD
Cultivate
30
190
0.103
Disk
Harrow
24'
0.103
SS Seed
lb
Amm
Nitrate
(34%N)
cwt
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Atrazine
90DF
lb
Incidental
Pest
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Table B.1
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Table B.2

Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 1

ITEM
DIRECT EXPENSES
Fertilizers
Amm Nitrate (34%N)
Herbicides
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
Total Fixed Expenses
Total Specified Expenses

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt

28.00

0.60

16.80

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.23

16.13

hour

10.91

0.68

7.44

hour
hour

8.19
10.92

0.03
0.54

0.28
5.95

3.80

4.36

16.59

Acre
Acre
Acre

13.80
1.22
2.54

1.00
1.00
1.00

13.80
1.22
2.54
95.49

Acre
Acre

18.56
8.45

1.00
1.00

18.56
8.45
27.01
122.50

gal

Note: Cost of production estimates are based on 2008 input prices
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Aug

May

Apr

Apr

11.90
17.81

1.25

1.25

4.22

MTH DIRECT

4.04
8.45

0.87

0.87

2.67

12.31
13.80

0.09

0.09

0.47
0.84

ALLOC LABOR

14.89
18.56

0.13

0.13

1.41
2.00

0.51
0.71

0.05

0.05

0.10

5.57
7.72

0.51

0.51

1.13

2.00

4.26

3.11

28.00

0.80

2.00

5.00
38.00

3.23
1.00

PRICE

TOTAL

91.27

8.52

6.22

22.40

16.13
38.00

47.90
157.61
4.06
5.95
167.62

2.85
8.52

2.85
6.22

22.40

9.90
2.84
16.13
38.00

COST COST
dollars

OPERATING/DURABLE
INPUT

FIXED HOURS COST AMOUNT
dollars

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 2

SIZE/ POWER
PERF TIMES
UNIT
UNIT SIZE
RATE OVER
OPERATION/OPERATING INPUT
Planting
1.00
8RMFWD
Cultivate
30
190
0.103
Disk Harrow
24'
0.103
SS Seed
lb
Lime (spread)
ton
Amm Nitrate
(34%N)
cwt
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Table B.3
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Table B.4

Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 2

ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
CUSTOM LIME
Lime (Spread)
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt

28.00

0.80

22.40

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.23

16.13

ton

38.00

1.00

38.00

hour

10.91

0.68

7.44

hour
hour

8.19
10.92

0.03
0.54

0.28
5.95

3.80

4.36

16.59

Acres
Acres
Acres

13.80
1.22
4.06

1.00
1.00
1.00

13.80
1.22
4.06
140.61

Acres
Acres

18.56
8.45

1.00
1.00

18.56
8.45
27.01
167.62

gal

Note: Cost of production estimates are based on 2008 input prices
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Aug

May

Apr

Apr

11.90
17.81

1.25

1.25

4.22

MTH DIRECT

4.04
8.45

0.87

0.87

2.67

12.31
13.80

0.09

0.09

0.47
0.84

ALLOC LABOR

14.89
18.56

0.13

0.13

1.41
2.00

0.51
0.71

0.05

0.05

0.10

5.57
7.72

0.51

0.51

1.13

0.63
2.00

4.26

3.11

28.00
38.00

0.80
3.57

2.00

5.00

3.23

PRICE

TOTAL

188.93

8.52

6.22

22.40
135.66

16.13

47.90
255.27
7.48
5.95
268.70

2.85
8.52

2.85
6.22

22.40
135.66

9.90
2.84
16.13

COST COST
dollars

OPERATING/DURABLE
INPUT

FIXED HOURS COST AMOUNT
dollars

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 3

PERF TIMES
SIZE/ POWER
UNIT
UNIT SIZE
RATE OVER
OPERATION/OPERATING INPUT
Planting
1.00
8RMFWD
Cultivate
30
190
0.103
24'
Disk Harrow
0.103
SS Seed
lb
Amm Nitrate
(34%N)
cwt
Lime (Spread)
ton
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Table B.5

Table B.6

Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 3

ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
CUSTOM LIME
Lime (Spread)
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt

28.00

0.80

22.40

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.23

16.13

ton

38.00

3.57

135.66

hour

10.91

0.68

7.44

hour
hour

8.19
10.92

0.03
0.54

0.28
5.95

3.80

4.36

16.59

Acre
Acre
Acre

13.80
1.22
7.48

1.00
1.00
1.00

13.80
1.22
7.48
241.69

Acre
Acre

18.56
8.45

1.00
1.00

18.56
8.45
27.01
268.70

gal

Note: Cost of production estimates are based on 2008 input prices
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Aug

May

Apr

Apr

Apr

11.90
21.15

1.25

4.04
10.57

0.87

0.87

2.67

4.22

1.25

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

3.34

MTH DIRECT

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

5.57
8.61

0.51

0.51

1.13

0.89

0.63
2.00

4.26

3.11

28.00
38.00

0.80
3.00

2.00

5.00

3.23

PRICE

TOTAL

167.27

8.52

6.22

22.40
114.00

16.13

47.90
242.22
6.92
6.66
255.80

2.85
8.52

2.85
6.22

22.40
114.00

9.90
2.84
16.13

8.61

COST COST
dollars

OPERATING/DURABLE
INPUT

HOURS COST AMOUNT
dollars

ALLOC LABOR

Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 4

SIZE/ POWER
PERF TIMES
UNIT
UNIT SIZE
RATE OVER
OPERATION/OPERATING INPUT
Pre-Planting
1.00
MFWD
Disk Harrow
24'
190
0.081
Planting
1.00
8RMFWD
Cultivate
30
190
0.103
Disk Harrow
24'
0.103
SS Seed
lb
Amm Nitrate
(34%N)
cwt
Lime (Spread)
ton
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
170
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
0.033
(Broadcast)
50'
170
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Table B.7

110

Table B.8

Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 4

ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
CUSTOM LIME
Lime (Spread)
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt

28.00

0.80

22.40

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.23

16.13

ton

38.00

3.00

114.00

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.16

19.63

Acres
Acres
Acres

14.47
1.52
6.92

1.00
1.00
1.00

14.47
1.52
6.92
225.08

Acres
Acres

20.15
10.57

1.00
1.00

20.15
10.57
30.72
255.80

gal

Note: Cost of production estimates are based on 2008 input prices
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Aug

May

Apr

Apr

Apr

11.90
21.43

1.39

4.04
10.59

0.88

0.88

2.67

4.22

1.39

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

3.34

MTH DIRECT

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

5.57
8.61

0.51

0.51

1.13

0.89

2.00

4.26

3.11

28.00
38.00

0.80
3.00

2.00

5.00

3.30

PRICE

TOTAL

167.27

8.52

6.22

22.40
114.00

16.50

47.90
242.89
6.95
6.66
256.50

3.00
8.52

3.00
6.22

22.40
114.00

9.90
2.84
16.50

8.61

COST COST
dollars

OPERATING/DURABLE
INPUT

HOURS COST AMOUNT
dollars

ALLOC LABOR

Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 5

SIZE/ POWER
PERF TIMES
UNIT
UNIT SIZE
RATE OVER
OPERATION/OPERATING INPUT
Pre-Planting
1.00
MFWD
Disk Harrow
190
0.081
24'
Planting
1.00
8RMFWD
Cultivate
30
190
0.103
Disk Harrow
24'
0.103
SS Seed
lb
Amm Nitrate
(34%N)
cwt
Lime (Spread)
ton
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Table B.9
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Table B.10 Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 5
ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
CUSTOM LIME
Lime (Spread)
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt

28.00

0.80

22.40

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.30

16.50

ton

38.00

3.00

114.00

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.23

19.89

Acres
Acres
Acres

14.47
1.54
6.95

1.00
1.00
1.00

14.47
1.54
6.95
225.76

Acres
Acres

20.15
10.59

1.00
1.00

20.15
10.59
30.74
256.50

gal

Note: Cost of production estimates are based on 2008 input prices
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24'

RATE

0.081

MFWD
190

PERF

POWER
UNIT
SIZE

1.00

1.00

OVER

TIMES

8RMFWD
Cultivate
30
190
0.103
Disk Harrow
24'
0.103
SS Seed
lb
Amm Nitrate
cwt
(34%N)
Lime (Spread)
ton
Phosphorus
(46% P2O5)
cwt
Potash (60%
K2O)
cwt
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
0.033
(Broadcast)
50'
190
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Disk Harrow
Planting

UNIT
OPERATION/OPERATING INPUT
Pre-Planting

SIZE/

Aug

May

Apr

Apr

Apr

MTH

11.90
21.43

1.39

1.39

4.22

3.34

DIRECT

4.04
10.59

0.88

0.88

2.67

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

HOURS

5.57
8.61

0.51

0.51

1.13

0.89

COST
dollars

ALLOC LABOR

44.00

0.90

2.00

4.26

3.11

46.00

0.90

2.00

22.40
114.00

28.00
38.00
0.80
3.00

167.27

8.52

6.22

39.60

41.40

16.50

COST
dollars

5.00

PRICE

3.30

AMOUNT

OPERATING/DURABLE
INPUT

Table B.11 Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 6
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47.90
323.89
9.79
6.66
340.34

2.85
8.52

3.00
6.22

39.60

41.40

22.40
114.00

9.90
2.84
16.50

8.61

COST

TOTAL

Table B.12 Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 6
ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
Phosphorus(46% P2O5)
Potash (60% K2O)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
CUSTOM LIME
Lime (Spread)
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt
cwt
cwt

28.00
46.00
44.00

0.80
0.90
0.90

22.40
41.40
39.60

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.30

16.50

ton

38.00

3.00

114.00

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.23

19.89

Acres
Acres
Acres

14.47
1.54
9.79

1.00
1.00
1.00

14.47
1.54
9.79
309.60

Acres
Acres

20.15
10.59

1.00
1.00

20.15
10.59
30.74
340.34

gal

Note: Cost of production estimates are based on 2008 input prices
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24'

0.081

MFWD
190
MFWD
190

RATE

PERF

POWER
UNIT
SIZE

Cultivate
8R-30
0.103
Disk Harrow
24'
0.103
SS Seed
lb
Amm Nitrate
(34%N)
cwt
Phosphorus
(46% P2O5)
cwt
Potash (60%
K2O)
cwt
Incidental
Herbicide
Spray
MFWD
(Broadcast)
50'
190
0.033
Atrazine 90DF
lb
Incidental Pest
Spray
MFWD
(Broadcast)
50'
190
0.033
Dipel ES
pt
Harvest
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Disk Harrow
Planting

UNIT
OPERATION/OPERATING INPUT
Pre-Planting

SIZE/

May

Aug

1.00

Apr

Apr

Apr

MTH

1.00

1.00

1.00

1.00

OVER

TIMES

11.90
21.43

1.39

1.39

4.22

3.34

DIRECT

4.04
10.59

0.88

0.88

2.67

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED
DIRECT
dollars

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

HOURS

5.57
8.61

0.51

0.51

1.13

0.89

COST
dollars

ALLOC LABOR

46.00
44.00

0.90
0.90

2.00

4.26

3.11

28.00

0.80

2.00

5.00

PRICE

3.30

AMOUNT

134.64

8.52

6.22

39.60

41.40

22.40

16.50

COST
dollars

OPERATING/DURABLE
INPUT

Table B.13 Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 7
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47.90
209.89
5.80
6.66
222.35

3.00
8.52

3.00
6.22

39.60

41.40

22.40

9.90
2.84
16.50

8.61

COST

TOTAL

Table B.14 Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 7
ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
Phosphorus(46% P2O5)
Potash (60% K2O)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt
cwt
cwt

28.00
46.00
44.00

0.80
0.90
0.90

22.40
41.40
39.60

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.30

16.50

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.23

19.89

Acres
Acres
Acres

14.47
1.54
5.80

1.00
1.00
1.00

14.47
1.54
5.80
191.61

Acres
Acres

20.15
10.59

1.00
1.00

20.15
10.59
30.74
222.35

gal

Note: Cost of production estimates are based on 2008 input prices
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8R30
24'
lb

24'
0.081

MFWD
190
MFWD
190

RATE

PERF

POWER
UNIT
SIZE

1.00

1.00

OVER

TIMES

Cultivate
0.103
Disk Harrow
0.103
SS Seed
Amm Nitrate
(34%N)
cwt
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Disk Harrow
Planting

UNIT
OPERATION/OPERATING INPUT
Pre-Planting

SIZE/

Aug

May

Apr

Apr

Apr

MTH

11.90
21.43

1.39

1.39

4.22

3.34

DIRECT

4.04
10.59

0.88

0.88

2.67

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

HOURS

5.57
8.61

0.51

0.51

1.13

0.89

COST
dollars

ALLOC LABOR

2.00

4.26

3.11

28.00

1.20

2.00

5.00

PRICE

3.30

AMOUNT

TOTAL

134.64

8.52

6.22

33.60

16.50

47.90
140.09
3.36
6.66
150.11

3.00
8.52

3.00
6.22

33.60

9.90
2.84
16.50

8.61

COST COST
dollars

OPERATING/DURABLE
INPUT

Table B.15 Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 8
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Table B.16 Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 8
ITEM
DIRECT EXPENSES
FERTILIZERS
Amm Nitrate (34% N)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT

cwt

PRICE QUANTITY AMOUNT
dollars
dollars

28.00

1.20

33.60

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.30

16.50

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.23

19.89

Acres
Acres
Acres

14.47
1.54
3.36

1.00
1.00
1.00

14.47
1.54
3.36
119.37

Acres
Acres

20.15
10.59

1.00
1.00

20.15
10.59
30.74
150.11

gal

Note: Cost of production estimates are based on 2008 input prices
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24'

RATE

0.081

MFWD
190

PERF

POWER
UNIT
SIZE

1.00

1.00

OVER

TIMES

8RMFWD
Cultivate
30
190
0.103
Disk Harrow
24'
0.103
lb
SS Seed
Amm Nitrate
(34%N)
cwt
Incidental
Herbicide
1.00
Spray
MFWD
(Broadcast)
50'
190
0.033
Atrazine 90DF
lb
Incidental Pest
1.00
MFWD
Spray
(Broadcast)
50'
190
0.033
Dipel ES
pt
Harvest
1.00
Silage
Harvester
2R
2WD 105
0.51
Totals
Interest on Operating Capital
Unallocated Labor
Total Specified Cost
Note: Cost of production estimates are based on 2008 input prices

Disk Harrow
Planting

UNIT
OPERATION/OPERATING INPUT
Pre-Planting

SIZE/

Aug

May

Apr

Apr

Apr

MTH

11.90
21.43

1.39

1.39

4.22

3.34

DIRECT

4.04
10.59

0.88

0.88

2.67

2.12

12.31
14.47

0.09

0.09

0.47
0.84

0.67

14.89
20.15

0.13

0.13

1.41
2.00

1.59

FIXED

EQUIPMENT
COST

FIXED DIRECT
dollars

POWER UNIT
COST

0.51
0.79

0.05

0.05

0.10

0.08

HOURS

5.57
8.61

0.51

0.51

1.13

0.89

COST
dollars

ALLOC LABOR

2.00

4.26

3.11

28.00

1.20

2.00

5.00

PRICE

3.30

AMOUNT

TOTAL

134.64

8.52

6.22

33.60

16.50

47.90
140.09
3.36
6.66
150.11

3.00
8.52

3.00
6.22

33.60

9.90
2.84
16.50

8.61

COST COST
dollars

OPERATING/DURABLE
INPUT

Table B.17 Estimated Resource Use Per-Acre for Sweet Sorghum Biomass Production, Budget 9
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Table B.18 Estimated Per-Acre Cost of Sweet Sorghum Production, Budget 8
ITEM
DIRECT EXPENSES
FERTILIZERS
Phosphorus(46% P2O5)
Potash (60% K2O)
HERBICIDES
Atrazine 90DF
INSECTICIDES
Dipel ES
SEED/PLANTS
Sweet Sorghum Seed
OPERATOR LABOR
Tractors
HAND LABOR
Implements
UNALLOCATED LABOR
DIESEL FUEL
Tractors
REPAIR & MAINTENANCE
Implements
Tractors
INTEREST ON OP. CAP.
TOTAL DIRECT EXPENSES
FIXED EXPENSES
Implements
Tractors
TOTAL FIXED EXPENSES
TOTAL SPECIFIED EXPENSES

UNIT PRICE QUANTITY AMOUNT
dollars
dollars

cwt
cwt

46.00
44.00

0.36
0.18

16.56
7.92

lb

3.11

2.00

6.22

pt

4.26

2.00

8.52

lb

5.00

3.23

16.13

hour

10.91

0.76

8.33

hour
hour

8.19
10.91

0.03
0.61

0.28
6.66

3.80

5.16

19.63

Acres
Acres
Acres

14.47
1.52
3.01

1.00
1.00
1.00

14.47
1.52
3.01
109.25

Acres
Acres

20.15
10.57

1.00
1.00

20.15
10.57
30.72
139.97

gal

Note: Cost of production estimates are based on 2008 input prices
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