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CHAPTERI|

INTRODUCTION

Problem Statement

Diesel fuel is one of the significant inputs used by farmers to run diffexent f
machineries for daily farm operations. Oklahoma State University EisteBudgets,
2009 indicate that fuel and lubrications expenses are $44.85/acre for wheat production,
$75.77/acre for cotton production, $34.44/acre for corn production and $54.44/acre for
annual forage crops and as a percent of total operating expenses, fuel represents
estimated 23-41% of the total for these crops. Although the price of diesel fuel has
declined in recent months, the pattern of the price paid by farmers for diedebfoel
1998 to 2008 suggests that the price of diesel fuel will continue to increase in coming
years (USDA, 2008). According to USDA statistics the price paid by farimedsesel
fuel increased by 192% from April 2003 to April 2008. Fuel price increases are a source
of risk for Oklahoma producers. Because fuel represents a large portion of crop
operating expenses and a risk factor for Oklahoma producers, many producers are
interested in the feasibility of producing biodiesel for on-farm use.

Many farmers are interested in moderating the risk of increasing faesry
growing and processing small to moderate amounts of canola, sunflower, or other oilsee

crops. Several Oklahoma producers have purchased small oil-seed screwgmesses



have constructed small biodiesel production units. However, reliable informatibe on t
feasibility of on-farm biodiesel production using oil seed crops is still kagehvailable.
Previous studies of on-farm biodiesel production (Kingwell and Plunket, 2006) are not
applicable to Oklahoma'’s production environment. Thus, there is a need to evaluate the

economic feasibility of on-farm oilseed processing and biodiesel production.

Objectives

The general objective of this research is to determine the economic feasibili
on-farm biodiesel production from canola, soybean and sunflower. The specific
objectives are:

To analyze cost and returns of a baseline scenario which involved processing canola,
To perform similar analysis for scenarios involving other oilseed feedstocks,
To determine sensitivity of the profitability of the on-farm biodiesel pradndacility to

the scale of operation and changes in prices for various input and output factors.

Rationale for On-farm Oil Processing

Oilseeds have a relatively low value as a raw commodity but when tthéssee
processed into oil and meal it adds value to the crop (Grubinger, 2007). Oil produced
from various oilseed crops like canola, soybean or sunflower has been useddoy hum
beings for consumption for many years. The meal feed co-product producethdérom t
oilseeds is used as a valuable source of feed to livestock. In recerthgeaitss being

used as a raw material to make biodiesel. According to Bachmann (2004) most oil



processing in the U.S. is done on a large, industrial scale using proprietary gsoBess
in recent years, interest in farm-scale extraction technologieadraased which might
be the result of rise in fuel and feed costs and increasing interest of produnaksng
biodiesel and feed from oilseeds (Stebbins, 2008).

Farmers are continually looking for value added opportunities. As the price of
energy increased, they started exploring ways to cope up with the increasing cost
According to Kenkel and Holcomb (2008) oilseed crushing and biodiesel production are
not technically complex and can be conducted at farm level. So, it is possiblertteatfar
can make their own fuélom agricultural products or byproducts, including waste
vegetable oil or virgin oil from crops that can be grown locdlhere are several benefits
of producing biodiesel on-farm. If the biodiesel is used on-farm it elingnate
transportation and retailing costs for both the fuel and the feed co-products. The
biodiesel produced on-farm can reduce the fuel costs required for operating farm
machineries. The meal feed co-products produced from oilseed processing caah ibe us
livestock operations or they can also be sold in the local markets. The faastrirdture
which is already in existence could be used as farm-scale oilseed prgiesdiesel
production facility substantially reducing the production cost. If excessasields
produced, it can be sold directly to end-users in the “off-road” market—fon diaem,
construction, heating or running diesel generators without being subject taxe®l t
(Stebbins, 2008).

Despite the loss of scale economies, farm scale oilseed processing has some
unique economic efficiencies. There is substantial variation in the local baseitséed

crops. A producer’s opportunity cost for diverting oilseed crops to a processingaperat



may therefore be substantially below the national or regional price ieek¢l and
Holcomb, 2008). On-farm processing also eliminates marketing and tratigpoctasts
and issues with low local basis. Beside all the economic benefits mentioned alsove, it
equally beneficial to rotate some acreage into oilseed crops from some agronomi
standpoint. The crop rotation improves the soil nutrients, controls pest and disttase a

helps in increasing the crop yield.

Oilseed Crop Production

Oilseed crops are those crops grown primarily for the oil contained in tees.se
The most common oilseed crops are soybean, canola or rapeseed, sunflowers, flax,
mustard, cottonseed, peanuts, and castor beans. This study will consider soybean, canola
and sunflower as a major feedstock to be used for on-farm processing becseisedehe
the most important and common oilseed crops produced in the southern plains in the US.
Table 1 summarizes the basic characteristics of these three oilspsd cr

Tablel-1: Basic Characteristics of Soybean, Canola, and Sunflower

Attribute Soybean Canola Sunflower
Pounds per bushel (Avg) 60 50 28-32
Bushels per ton (Avg) 33 40 62.5-71
Yield/acre 1-1.1 tons 0.85 tons 1-1.1 tons
35-40 bushels 32-35 bushels 66—73 bushels
Oil content 13-18% oll 40% oil 39-49% oil
Oil yield/acre 48 gallons 127 gallons 102 gallons
Oil yield/bushel 1.5 gallons 2.8 gallons 1.7 gallons
Biodiesel/acre 56 gallons 70 gallons 70 gallons

(Source: Stebbins, 2008)

Soybeans are typically sold by the bushel while canola is sold by the ton and
sunflower is sold by the hundredweight. The meal from all three crops is lysichl

by the ton while the oil is sold by the pound.



Soybean

Soybean is one of the most important commodity crops grown widely in the upper
midwest in the United States. This crop accounts for about 90 percent of the U.S. oilseed
crop productior(Ash, Livezey and Dohlman, 20p6l'hough the oil content in soybean is
low compared to sunflower and canola, the meal from the soybean is an important end
product.Soybean meal is by far the world’s most important protein feed, accounting for
nearly 65 percent of world protein feed supplies and about two thirds of total US
consumption of vegetable oils is dominated by soybedgisii, Livezey and Dohlman,
2006). Soybean has also the advantage of growing with little or no nitrogen whickh make
it advantageous for the production of biodiesel, reducing significant cost irzédili

(Pimentel et al, 2005)

Canola

The history of producing canola dates back to 1970’s when some Canadian plant
breeders developed Canola from rapeseed. The aim was to remove the aitnalutrit
components (erucic acid and glucosinolates) from rapeseed to assurdyitfosdigman
and animal consumption. So, “Canola” takes its name from “Can” (for Canada) and “ola”
(for low oil acid). Now, canola is one of the largest agricultural commodifi€anada
and the US is its largest customer importing approximately 500,000 tons of c&nola oi
255,000 tons of seed, and 1.1 million tons of meal from Canada each year (Canola
Council of Canada, 2007). Stebbins, 2008 reports that the canola seed contains about

40% oil while other study reports that the oil content ranges between 40-43%aribthe c



oil has a very low level of saturated fat, and the meal is processed intodk/éstd

which has low level of toxin glucosinolates.

Sunflower

Sunflower is an important agricultural crop choice for US producers in the
northern plains in the Dakotas to the panhandle of Texas (National Sunflower
Association, 2009). According to the Thomas Jefferson Agricultural Inst2QG9j,
sunflower was not seen as a vegetable oil source in US until the last 50 yearsis@d its
as a vegetable oil really began about 25 years ago. The oil content in sunflayesr ran
from 39% to 49% depending on the varieties and about 90% of the sunflowers grown in
the US are of oilseed type. The sunflower oil is considered as a premium oilebetaus
its light color, high level of unsaturated fatty acids, and lack of linolenic aaddbl
flavor, and high smoke points (Stebbins, 2008). The cake produced as a byproduct of
processing sunflower is used as a livestock feed which has high fiber and is lower in
lysine. The protein percentage of sunflower meal ranges from 28% for non-dehulled

seeds to 42% for completely dehulled seeds (Putnam et al, 1990).

Oil Seed Crushing

Solvent extraction and mechanical methods are the two popular methods of oil
seed processing in US and Canada. In solvent extraction, a chemical sudmasse
used to extract the oil. A high proportion of oil (up to 99%) can be removed by using
chemicals but precautions are always needed because the solvent useddbomexsr

highly flammable. Solvent extraction is suitable for larger systems velnga juantities



of oilseed are processed. For on-farm and small scale processing, mechkam@cabe

is used. Mechanical extraction technologies include simple expelleza @&tied cold
press), pre-heated expellers, and extruder-expellers systems (Kenkellamahlb

2008). The cold press uses no external heat applied during the expeller pressing and it has
a lower oil extraction rate. In preheated steam expellers, steanditouseat the cracked
seeds while the extruder-expeller systems uses heat supplied by fricherextriuder
eliminating the need for steam generation equipment. The raised tempieraig-e
heated and extruder-expeller systems increases oil extraction atgateahe enzymes,
destroy micro-organisms which improves the protein quality of the meal. Thelheat
seeds are then processed in a continuous screw press to force the oil fraed th@se
pre-heat expeller has a higher extraction rate compared to the cold press, but i
impractical for on-farm processing due to the need for steam genergtipment.

In extruder-expeller systems, the oilseed is compressed to a high pregsyire us
friction as a source of heat inside the extruder which is then processed to am.ekipelle
expeller has a screw which rotates inside a perforated cylindricalacebis driven by a
motor. The screw progressively compresses the material as it moves austtvear
discharge end of the cylinder. The gradually increasing pressure in the slaases the
oil from a small outlet called the choke provided in the barrel. The cake continues to
move in the direction of the screw towards a discharge gate installedothhénend of
the expeller. The extruder-expeller also has an improved extractioeledieerto the
cold press. Because the heat is generated from friction, it is self-cordaitheditable
for on-farm or small scale processing. In addition, because the seed i$ subgat for

a very short duration of time, the quality of the residual meal is preservedgdrstaie



operations the crude oil produced from the extraction is usually degummed, refined or
deodorized. This process removes the impurities contain in the crude oil suathas lec

free fatty acids and undesirable, color and odor.

Biodiesel Production

Biodiesel can be produced by chemically combining several types of nataral oil
or fats with an alcohol to form alky-esters of fatty acids (Ryan, 2004). Dseacommon
production process for biodiesel is base catalyzed trans-esterificatedatiaety simple
process which has a conversion yield of around 98% (Kenkel and Holcomb, 2008). In the
trans-esterification process, the vegetable oil or animal fat (trigtygds reacted with
alcohol (methanol or ethanol) in the presence of a catalyst (sodium hydroxide or
potassium hydroxide) to yield biodiesel (mono-alkyl esters) and glycdrelaltohol
reacts with the fatty acids to form the biodiesel (mono-alkyl esterude glycerol.

The general conversion of feedstock (oil) to biodiesel is:

87% Oil+12% Alcohol+1% Catalys® 87% Biodiesel+9% Glycerine+4% Other residue

The biodiesel making process is not difficult to master and the equipment is
relatively affordable to use (Stebbins, 2008) and therefore, biodiesel candoegxt in
small batches for on-farm use. The system can be customized or a ready-maselbiodi
processor can be purchased. The basic elements in a biodiesel processiarane dif
sized tanks which are linked by piping, pumps, and valves. The tanks are used for
producing and settling the biodiesel, mixing the methanol, and storing oil, glycamohe

finished biodiesel. Heating elements are sometimes included, and the system ofte



includes electrical controls and switches. Other miscellaneous itelndarecfiltration
system to remove impurities from the finished product, safety equipments, spdiespa
and titration supplies etc.

The first step in the biodiesel production process is to mix the alcohol and the
catalyst in a tank. In another tank (reactor vessel), the oil is added using purtines
same time, the mixture of alcohol and catalyst is agitated and theretraddb the
closed reactor vessel or processing tank. The temperature of the reagtisrkemt just
above the boiling point of the alcohol (around 160°F) to speed up the reaction and the
system is totally closed to the atmosphere to prevent the loss of alcohol (Kenkel and
Holcomb, 2008). The results of the reaction are the production of glycerine and biodiesel
as shown in the above equati@mce both these products are in the same vessel, the next
step is to separate them which can be done by using gravity as thesespadtiran
their densities. After separating biodiesel from glycerin, the biodiegg@ntly washed
with warm water to remove any remaining residuals (catalyst or sddpe)washing it
is dried and then sent to storage for further use. Glycerine is the impure caahmer
product and glycerol is the pure chemical element which indicates thaniflisanol.
Glycerine is used in making soap, beauty products, pharmaceuticals and otherk. Kenke
and Holcomb, 2008mphasize that prior to use as a commercial fuel, the finished
biodiesel must be analyzed using sophisticated analytical equipment tothasiire

meets any required specifications.



Figurel-1. Flowchart of an Oilseed Crusher and a Biodiesel Processor
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Description of a Typical On-farm Processing System

Biodiesel can be produced on a larger scale (cooperative scale) for cashmerc
purposes or on a smaller scale for private use. Biodiesel produced on-farnmusa«a be
for farm purposes or, if additional regulatory and quality control steps aretaketer
could be sold outside the farm. The on-farm production system generally uses ol
produced from the farm to make biodiesel. Sometimes outside oil can be purchased when
demand arises. An on-farm biodiesel production system would typically be housed on-
farm in an existing building that could include both the oil processing unit and the
biodiesel processor. An on-farm biodiesel production system would typirsalgtraight
vegetable oil extracted from oilseeds like canola, soybean and sunflowed dBabe
scale of production, the on-farm biodiesel processing facility can bsifea as-small
scale, medium scale or community scale. Several manufacturers arblavaitae
markets who sell different sized screw presses and biodiesel procesdiks the
commercial biodiesel production, a small-scale biodiesel producer will nobomsecs
the equipment and steps involved in large, commercial biodiesel production system

because of the costs and scale of operation.

Oilseed Crusher (Extruder and Expéller)

Different capacities of extruders and expellers are available indheetmThis
study uses two different combinations of extruders and expellers: one withalersm
capacity which can crush 0.3 ton of oilseeds in one hour and the other with the larger
capacity which can crush 1 ton of oilseed in one hour. The energy consumption for the

smaller capacity crusher is 50 HP for the extruder and 12 HP for pledexx Similarly,
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the energy consumption for the larger capacity crusher is 125 HP for the e=mddz0
HP for the expeller. The heat which is generated inside the extrudegkhiriction
cooks, sterilizes, stabilizes, texturizes, and dehydrates the procstés(b, 2009). The
extruded material in meal form is then transferred to the horizontal preagthain
inclined conveyor as shown in the diagram below. Inside the extruder barrel /sl eel
ruptured, including the oil cells because of the shear, temperature, and prekmire, w
allows for better and more efficient separation of the oil from the horizecral press

(Insta-Pro, 2009).

Extrude

‘ d i !
Figurel-2. Diagram of an Oilseed Crusher

Biodiesal Processor

Early producers attempted to make their own biodiesel processing facility by
combining their own tanks, pipes and others. In recent years integrated biodiesel
processors have been developed with turnkey operations. These biodiesel processors
produce biodiesel from refined or pre-processed or raw vegetable ioitluldes several
tanks: settling/washing tanks, processing tank, methoxide mixing tank, optional
preheating tank or drying tank and pipes and fittings. The whole system cooresset
and is therefore called integrated. The biodiesel processor comes in dgfeesnand
capacities. It has several pipes and fittings, control panel, digital tatapemonitoring,
ball valves, water wash system, processor pump, fuel filter and fuel polishiegisgsc.
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The oil is brought to the processing tank using the pump. Then the oil is heated using the
inline heater & heating pumpt the same time, methoxide can be mixed while the oil is
being heated. After heating the oil, methoxide is added to the oil in the processing tank
and it is allowed to run. Then the biodiesel is transferred to the first settithgrashing

tank after the first batch finishes. Then another batch is started in the prg¢ask and

sent to the settling and washing tank. The same process is continued until all
settling/washing tanks have been filled. One more batch can also be processéidrand |
the processor to settle and be washed in the processing tank as the processor is als
plumbed to settle and wash the biodiesel. After some hours, the biodiesel can lgk draine
off the glycerine and then washed and dried. The whole process may take seme tim
depending on how many hours a day it is attended to. After that, another batch can be
started. Generally, one batch is completely reacted, washed, and dbedti2-8 days

but it depends on the size of the processor.

<4— Washed Biodieset=

= ~~
eomfelZ TR |

Figurel-3. Diagram of an Integrated Biodiesel Processor

<= To Wash Tanie= Oil <
<« Methoxideg—
Catalys|
4= Methanolg=
Settling/Washing Settling/Washing Processor Tank
Tank Tank

Methoxide
Mixing
Tank
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Biodiesal Production Facilities

In this study, the on-farm biodiesel production facilities have been classifted int
three scales based on their production capacities. The purpose of this clessifda
project the cost and returns for three different scales. The details forféhelsoales are

discussed below:

Small Scale

This system will make approximately 55,000 gallons of biodiesel annually. The
capacity of press for this production facility is 0.3 tons per hour or 600 lbs per hour and
the capacity of the biodiesel processor is 24 gallons per hour. Other equipmertrequir
in this production facility is almost the same as in other production fagilidg their

capacities and the energy requirements vary.

Medium Scale

The capacity of press (oilseed crusher) for this production facilgymsst twice
the capacity of the small scale, i.e. 0.6 tons per hour or 1200 Ibs per hour. The integrated
biodiesel processor has the capacity to make 55 gallons of biodiesel in one hour and
therefore, it will make approximately 125,000 gallons of biodiesel annually. Thefcos
equipment will be higher for this production facility than the equipment in the smaller

scale.
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Cooper ative Scale

The capacity of press for the cooperative scale is 1 ton per hour or 2000 Ibs per
hour and the capacity of the integrated biodiesel processor is 110 gallons of biodiesel per
hour. So, its annual production capacity is approximately 250,000 gallons. More labor
may be required for this production facility as compared to the other prouldatilities
and the cost of equipment is also higher. The cooperative scale is considered as the

baseline equipment size and is used in most of the estimations.
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CHAPTERIII

REVIEW OF LITERATURE

Biodiesel is a name given to a fuel that is comprised of mono-alkysedtemg
chain fatty acids derived from vegetable oils or animal fats (Natiowali€sel Board,

2007). According to Esclaera et al, 2008, the U.S. consumes about 20.5 million barrels of
petroleum fuels every day, 60% of which is imported from foreign sectors. Although
biodiesel is an alternative to diesel fuel, it is not a complete solution to tleatcurr

problems; instead, it is one of the ways to offset demand for fossil fbéés waking use

of locally produced resources (Haase et al, 2004).

Several previous studies have computed the economic feasibilities of biodiesel
production ranging from oilseed crops (English et al, 2002; VenWechel et al 2002;
Bender, 1999), fish oil (Sustainable Community Enterprises, 2008) to algae (Putt, 2007).
Most of the feasibility studies have been done for larger/commercial &cegksh et al,

2002; Frazier Barnes and Associates, 2003, VenWechel et al, 2002) and vexydiew s
are done for smaller or on-farm scale (Bender, 1999; Haase et al, 200dn§imt

2006). To project the economic feasibilities, different methodologies have been
employed. The most commonly used methods are the capital budgeting methods which

make use of spreadsheets to project the costs and returns.
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Pr evious Feasibility Studies of Biodiesel Production

Large level extensive financial projections have been done for establishing
biodiesel production facility at various regional levels. English et al (20@RFeazier
Barnes and Associates (2003) performed a pro forma financial projeaircans f
industrial level (13 million gallons per year) standalone and integratectbabd
production facility in Tennessee and Mississippi respectively over a sermpgdaod using
soybean as a feedstock. According to English et al (2002), for a standeaadititg the
estimated internal rate of return (IRR) was 36% for baseline sceh@8® for the best
case scenario and negative for the worst case scenario. The estRiafed an
integrated facility was 25% for baseline scenario, 108% for best scandrimegative for
worst scenario. The relevant prices for the best and worst case scenagicaladated
by adjusting by their historical coefficients of variation. In the waasecscenarios tax
credits were removed. All the estimations were made for a ten year pred.
concluded that 10-15 million gallons per year biodiesel production facility is most
efficient. Frazier Barnes and Associates (2003) used feasibilitydewéorma financial
projections for a ten year period for a stand-alone biodiesel plant and an integrated
processing facility. The result indicated that with federal subsahdsalone plant had
positive NPV and 20% IRR and with no federal subsidy it had negative NPV and
negative IRR. The integrated processing facility with federal sulbsidypositive NPV
and 31% IRR and with no federal subsidy it had positive NPV and 21% IRR.

VanWechel et al (2002) evaluated the feasibility of establishing a sbaeda
biodiesel production facility in North Dakota for a 5 million gallon per year bsatlie

production facility using annual production costs. The expenses and revenues @stimate
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in this study were derived from a variety of sources which were based on a compilat

of industry data and contacts with producers. The cost per gallon of biodiesel was
estimated to be $2.64 for a plant located in southeastern North Dakota and assuming a
soybean olil price of 25 cents/gal. The authors report that this price is expehsin
compared to the wholesale price of regular diesel in the Fargo area, wki§&0\®@4 in

late 2002.

Small Scale and On-Farm Production

In 1999, Bender reviewed 12 community-scale farmer cooperatives to examine
economic feasibility of biodiesel production on a smaller scale. The rebolged that
the projected costs for biodiesel or animal fats were in a range of $1.13 to $2.60 per
gallon which included meals and glycerine credits and assumption of reduced capital
costs by having crushing/esterification facility added to an exigtiaig or tallow
facility. When compared to the U.S. price for pre-tax biodiesel of $0.68/gallon in 1994,
he concluded that biodiesel was not economically feasible as this price was not
economically competitive with highway diesel. The study indicated that thefoosts
capital and operation for canola and sunflower are lower than for soybdaly, doe to
the lower capacity needed for the extruder and oilseed press. The lower pregg capa
related to the higher oil content of canola and sunflowers which has on average 40% ol
content relative to soybeans which has on average only 20% oil content. Bender
emphasizes that biodiesel cooperatives can be successful when both crop aud livest
are diversified, especially in regions where a large spreads existeipethe price that

farmers receive for their oilseed and the price they pay for protein meal.
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In 2004, Haase et al examined the economic viability of building and producing
biodiesel using a small-scale production system for a batch size of apatelyid0 US
gallons. The author pointed out several advantages of a small scale producties. proce
The point of production is nearer to the point of consumption which enables it to be more
efficient from an energy standpoint, it can be initiated with relativelydtant-up cost
that is within the reach of many diesel fuel consumers and it can be tailorecioetioé
the demand by building in flexibility and modularity. The system described ayeHzt
al used waste cooking oil and fat obtained from several restaurants and aityniver
cafeteria as a feedstock which was considered free of cost. Many of #reatsatsed
were obtained from salvaged or surplus items greatly reducing the overall
implementation cost. The authors did not provide rate of return data on the small scale
biodiesel production because of the difficulties encountered in the production of ethyl
esters in their study. However, they have reported that if estimatesreget and the
procedure can be optimized, it is reasonable to assume that biodiesel can be produced in a
small scale setting for approximately the same cost as buying petrbksed diesel. The
estimated value per gallon of biodiesel was $1.63 per gallon which the author report is
close to the average consumer price of diesel fuel from 02/02/04 to 05/10/04 of $1.60 per
gallon.

In 2006, Whittington performed an economic evaluation of a farm based biodiesel
plant in Australia using canola as a feedstock. He estimated simple bude@0D L
(1,322 gal) batch processor with annual production of 40,000 L (10,582 gal) using canola
grown on the farm but contract crushed by a commercial processor. The autrededhdic

that the cost of capital would vary widely depending on what existing infraseustur
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used, how much biodiesel is produced and how much oilseed is crushed on-farm, versus
the same task done by a contractor where a fee per liter is charged busregsire
capital outlay. Based on the reported costs and his investigations, the@$inal produce
biodiesel in small plants was $1.43/L or $5.40/gal. Finally, he points out thatiiidal cr
to ensure that biodiesel is a cost effective alternative to mineral diesel.

In 2006, Sexton et al conducted a Pilot Production of Biodiesel from Canola in
New England with a plant capacity which processed 18 tons per day and aactall
system biodiesel processor which processed 189 liters (49 gallon) per battiplé si
budget was created and they estimated the total capital cost of $1,010,000 and &n interes
expense assumption of $75,000 which would be repaid over an 8 year period at an
interest rate of 8%. The final cost per gallon of canola oil was estimateds®3seand
the breakeven cost per gallon of biodiesel was estimated to be $3.07.

In 2007, Nowatzki et al conducted an economic analysis for a batch size of
approximately 50 gallons. In their analysis they assumed that the on-falhscate
biodiesel producer already has storage and moving equipment for oilseed and/éhay ha
building to house the oilseed press and biodiesel processing equipment. They did not
calculate fixed costs for these items and no cost or benefit from the unrdfioeh
byproduct was assumed. They estimated the cost for oilseed press, biodiessqrroc
and other associated equipment to be $13,000 and created a simple budget. From their
analysis the cost of making biodiesel per gallon was $3.77 which was $1.37 more per
gallon than the price of No. 2 petroleum diesel if diesel was valued at $2.d0/gall
(excluding excise taxes). They say that biodiesel production would becomaelpecét

certain levels of oilseed and diesel prices. For example, biodiesel production veakd br
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even at a canola price of $1.05 per pound if the price of diesel (excluding excie taxe
was $3.0 per gallon. When both the fixed costs and the costs for labor are excluded, the
direct cost for producing biodiesel would be $2.89 which is still greater than theprice
No.2 diesel purchased at that time.

Similarly in year 2007, Grubinger conducted a study for on-farm oil seed
production and processing at the University of Vermont. He estimated both the cost of
cultivating oilseeds and processing them into biodiesel. The estimatedeametagturn
for producing either canola or sunflower would be $250/acre prior to making biodiesel.
The estimated total cost per gallon of biodiesel would be $3 for a plant size of 25,000
gallons per year, $2.6 for a plant size of 50,000 gallons per year and $2.48 for a plant size
of 100,000 gallons per year.

In 2008, Jaeger and Siegel conducted a study on the economics of oilseed crops
and their biodiesel potential in Oregon’s Willamette Valley. They evaluatetail the
costs and returns from feedstock production, oilseed crushing, and biodiesel processing.
When government subsidies were omitted, they estimated the cost of biodiesdiqmer g
to be $6.84 for winter canola and when federal and state subsidies were included, they
estimated additional revenue of $2.30 to $3.10/gallon. They however say that only for
winter canola and only if it were grown and processed on a large scale wouttlesubs
achieve a breakeven point. In their study, they show that the cost per gallon fer smal
scale crushing and processing are significantly higher than for largeriopsrdihey say
that the cost per gallon would be $1 higher for a processing facility at or below 0.5

million gallons/year than for operations of 5 or 10 million gallons/year.
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The cost of biodiesel reported by most of the authors exceeds the retaibprices
diesel fuel compared to the study year except the one reported by Hd420@4)a The
lower cost reported by them may be due to the feedstock and the materials they use
Their feedstock was waste grease and oil which they obtained free of cost from
restaurants and cafeteria. Similarly, many of the materials tleeywisre obtained from
salvaged or surplus items greatly reducing the implementation cost. Though most of the
studies discussed here report that biodiesel is not economically feasibiepbrsant to
note as mentioned by Dagher et al (2003) that biodiesel production from animal fats or
grease can be feasible for a smaller plant size when it is located aB0 mile radius of

the feedstock.
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CHAPTER 11

METHODOLOGY

Baseline M odel Assumption

The baseline model includes several assumptions which are discussed in detail in

the following sub-headings.

Capital | nvestment

The plant property and equipment was assumed to be financed with 50% debt and 50%
owner equity. Debt financing was assumed to be in the form of a 10 year loan at 7.5%
annual interest rate. Start up and contingency expenses were assumed to be 20% of the
total cost of plant, property and equipment (PPE). A short term loan (working capital)
$100,000 plus 2% of annual sales at an annual interest rate of 7.5% was assumed for
medium and cooperative scale but for small scale a working capital of only 2¥uzfla
sales was assumed. The working capital requirements were based on tlefineedd
feedstock purchases and cover operating expenses for the period of time between the
initiating of seasonal operations and the receipt of income from biodiesel $aiss
assumption likely over estimates the working capital requirements famastale

operation where the producer would be providing the oilseed feedstock. Property tax was
assumed to be 0.5% of the total cost of plant, property and equipment (PPE). The land

value was not considered. The percentage of payroll tax to salaries waschgsbm&%
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of salary expense, and the percentage of retirement tax to salasi@ssumed to be 15%

of salary expense. State tax credit was assumed to be $0.20/gallon for fhefirstrs

and federal tax credit was assumed to be $0.10/gallon only for the first year of

production. Insurance was estimated to be 1% of total plant, property and equipment

(PPE). Inflation for expense factor and final products was estimated. dtel¥percent

discount rate was used for net present value (NPV) calculation. No trudshgas

assumed although the template has the option to calculate the trucking expenses.

Tablelll-1: Summary of Capital Investment

Particulars

Small Scale Medium Scale Cooperative Scale

Total Installed Plant
and Equipment

Plant Capacity

Start up and
Contingency

Working Capital

Debt

Property Tax
Inflation Rate

Discount Rate

$ 111,423 $ 216,556 $ 297,439

0.3 ton hour oilseed 0.6 ton hour oilseed 1 ton hour oilseed

crusher and crusher and 55 crusher and 110
24 gal/hour gal/hour biodiesel  gal/hour biodiesel
biodiesel processor processor processor

20% of PPE 20% of PPE 20% of PPE

2% of annual sales $100,000 plus 2% of $100,000 plus 2% of

with short term annual sales with annual sales with short
interest rate of 7.5% short term interest term interest rate of
rate of 7.5% 7.5%

50% at 7.5% interest 50% at 7.5% interest50% at 7.5% interest
rate for 10 years rate for 10 years rate for 10 years

0.50% of PPE 0.50% of PPE 0.50% of PPE
1% 1% 1%
10% 10% 10%
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Feedstocks and Crop Mix

Canola, soybean and sunflower were considered as the major feedstock of the
facilities. Because it is impossible to perfectly match the output of a corapteof
oilseed crushing equipment with a complement of biodiesel production equipment, some
additional oil was assumed to be purchased to maintain the selected biodieselfplant at
capacity. Five different input combinations of feedstocks were analyzechftiagy
analysis. These included 100% canola, 100% soybean, 100% sunflower, a blend of 50%
soybean and 50% canola, and a blend of 50% canola and 50% sunflower. A blend of
50%-50% scenario was used considering that the production systems involving both
winter and summer oilseed crops could be attractive to some producers as theethgprea
harvest window and reduce the need for storage. Feasibility measures a@ndtgens
analysis are compared for each scenario. The baseline yield for,oddaan and
sunflower was assumed to be 2000 Ibs/acre (20cwt), 1272 Ibs/acre (21.2 bushel) and
1500 Ibs/acre respectively based on the Oklahoma State University entbrigets,
2009. The yields are taken for Major County, Oklahoma. The baseline oil content of
canola is assumed to be 38.22% which is based on the average value of the oil content for
Enid, Goodwell, Perkins and Tipton, Oklahoma as presented in “2008 National Winter
Canola Variety Trial Report”. The oil content of soybean is assumed to be 18i¢%o w
is based on the average value of soybean oil content from 1986 to 2008 for U.S. as
reported in “2008 U.S. Soybean Quality Report”. The oil content of sunflower is assumed
to be 43.6% which is based on the “2008 U.S. Sunflower Crop Quality Report”. Canola is

considered as the baseline crop and is used for most of the estimations.
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Tablelll-2: Summary of Baseline Crop Yield and Oil Content

Crop Yield Oil Content
Canola 2000 Ibs/acre (20 cwt) 38.2%
Soybean 1272 Ibs/acre (21.2 bushel) 18.7%
Sunflower 1500 Ibs/acre 43.6%

(Canola is the baseline crop)

Raw Materials and Final Product Prices

Farm gate values for oilseed crops, meal and additional vegetable oil purchases
would vary with local conditions. For the purpose of the baseline scenarios seed, meal
and oil prices for canola, soybean and sunflower were obtained from the USDA'’s Ol
Crops Outlook Handbook (2009) and it was averaged from October 2008 to March 2009
to obtain the most recent values. Canola grain price was calculated to be $17040/cwt
about $0.16/Ib, soybean grain price was calculated to be $9.53/bu. or $0.17/Ib, and
sunflower grain price was calculated to be $23.69/cwt or $0.24/Ib. The meal price for
canola was calculated to be $232.34/ton, for soybean it was calculated to be $282.13/ton,
and for sunflower it was calculated to be $153.11/ton respectively. Excesswihie
crushing operation was valued at $0.38/Ib for canola, $0.31/Ib for soybean, and $0.49/Ib
for sunflower. Biodiesel can be manufactured from a variety of vegetablaianal ail
feedstocks and many oilseed crushing/biodiesel operations supplement theapojl
with the most cost effective feedstock. The price of additional oil feedstodhkgseat
was assumed to be $1.80/gallon ($0.23/l)e additional oil feedstock was not intended
to reflect a particular product but rather represent a producer’s opportunity to
complement farm produced oilseed with feedstocks available in their leeallarsome
market environments, oilseed producers are able to purchase lower cost oil feedstocks

such as animal fats, to supplement their on-farm production and decrease their total

26



feedstock costs. The price of biodiesel sold or value of biodiesel purchasesdeplac
with the on-farm production was assumed to be $3.50 per gallon. For point of reference
the long term (2006-2030) price forecast for diesel fuel prepared by the U.§yEner
Information Administration (2009) indicates an average price of $3.30/galtbtha

current biodiesel price according to U.S. Department of Energy is $3.08/galudg, of J
2009. The price of methanol was assumed to be $5.80 per gallon, the price of sodium
hydroxide (NaOH) was assumed to be $2.99/Ib and the price of glycerine wag@ssum
be $0.19/Ib.

Tablelll-3: Summary of Baseline Price or Cost Assumptions

Consumables Price/Cost
Biodiesel Price (gal) $3.50
Glycerine Price (Ib) $0.19
Methanol Price (gal) $5.80
NaOH Price (Ib) $2.99
Soybean Oil Price (Ib) $0.31
Canola Oil Price (Ib) $0.38
Sunflower Oil Price (Ib) $0.49
Additional Oil Price (Ib) $1.80
Soybeans Meal Price (ton) $282.13
Canola Meal Price (ton) $232.34
Sunflowers Meal Price (ton) $153.11
Utilities

The cost for electricity was assumed to be $0.11/KW. Similarly, the natural gas
cost and water was assumed to be $1.2/CCF and $2.00/1000 gallons respectively. The
cost of telephone was estimated to be $2000 per year. The costs assumed are consistent
with the regional cost level (U.S. Energy Information Administration, 200@¢. fercent
maintenance cost was estimated as a percentage of total plant, propertyipnmet.

The table presented below shows a summary of the baseline cost assumptialitgefor ut

used in the models.
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Tablelll-4: Summary of Utility Cost Assumptions

Utility Cost
Natural Gas Cost/CCF $1.20
Electricity Cost/KW $0.11
Water Cost (Per 1000 gallon) $2.00

Production Facilities

The study is based on three different on-farm biodiesel production facarti
was classified as small scale (approx. 55,000 gallons), medium scalex(a#F®00
gallons) and cooperative scale (approx. 250,000 gallons). Details on each of the
production facilities have already been explained in the introductory section.

A comparative study of each of these three production facilities are provided in
the tables that follow:

Annual Production Capacities of the Oilseed Crusher and Biodiesal Processor

Table I1I-5 shows the capacities of each of the production facilities, tons of
oilseed they can crush, oil produced, extra oil required and biodiesel produced. The
calculations assume canola as the feedstock for this example. For modgbioseglwone
employee is assumed for the operation with some input from the farm manager. In
practice, it is likely that producers may hire two more part time warKéie extraction
efficiency of the oilseed crusher is assumed to be 80% with an uptime peeceh®ég

Tablelll-5: Summary of Annual Production Capacities

Categoriesof the  Oilseed  Oil Produced Oil Excess Oil Biodiesel
System Crushed (Gallons) Purchased Produced Produced
(Tons) (Gallons) (Gallons) (Gallons)
Small Scale 855 68,108 0 13,388 54,720
Medium Scale 1,710 136,216 0 10,816 125,400
Cooperative Scale 2,850 227,027 23,773 0 250,800

(Estimated for canola)
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The capacity of the oilseed crusher for small scale production faalghi@vn in
the table above is 0.3 ton/hr and it can crush 855 tons of oilseeds in one year producing
68,108 gal of oil when it is operated 10 hours per day and 300 days per year. The
capacity of the biodiesel processor for small scale production fasilg gal of
biodiesel in one hour. So, if this processor is operated 8 hours per day and 300 days per
year, it would produce 54,720 gal of biodiesel. Considering this fact, the biodiesel
processor will not use all the oil produced by the oilseed crusher and there would be an
excess oil of 13,338 gal of oil.

The medium scale uses 2 oilseed crushers each with a capacity of 0.3 ton/hr.
Therefore, it will require 1,710 tons of oilseeds and would produce 136,216 gal of oil.
The capacity of the biodiesel processor for this facility is 55 gal of biddiesae hour.

So, if it is operated 300 days a year and 8 hours a day, it will produce 125,400 gal of
biodiesel. This processor will not utilize all the oil produced by the oilseed craistie
therefore there would be an excess oil of 10,816 gal of oil.

The cooperative scale is the largest of the system modeled in this stay/ah
oilseed crusher with a processing capacity of 1 ton/hr. When it is operateduiteds f
capacity and according to our baseline assumption of 10 hours per day and 300 days per
year it will require 2,850 tons of oilseeds and would produce 227,027 gal of oil. The
biodiesel processor for this system processes 110 gal of biodiesel in one hour ahd woul
make 250,800 gal of biodiesel. The oil produced by the oilseed crusher does not meet the
full feedstock requirement for the biodiesel processor if it is operated in éstfull
capacity of 8 hours per day and 300 days per year. So, it will require 23,773 gal of

additional supplemental oil.
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Acres Required for Full Capacity of Oilseed Crusher

Table IlI-6 summarizes different acres of land needed to be graveadh of the
production facilities with different combinations of the feedstocks. Thectixina
efficiency of the oilseed crusher is assumed to be 80% with an uptime peeceh®&g

Tablelll-6: Summary of Acres Required for Full Capacity of Oilseed Crusher

Acresto begrown
Categories of the

System 100 % 100% 100 % 50% Canola 50% Canola
Canola  Soybean Sunflower  50% Soybean 50% Sunflower
Small Scale 855 1,344 1,140 1,099 997
Medium Scale 1,710 2,688 2,280 2,199 1,995
Coop. Scale 2,850 4,481 3,800 3,665 3,325

For 100% crushing scenarios and all three production facilities, more aeres a
required for soybean crushed scenario and less acres are required for cesheld cr
scenario. For 50%-50% crushing scenarios and for all three production facildies, m
acres are required for soybean and canola scenario and less acres i@ irethe
canola and sunflower scenario. This is because of the variation in the oil conkesen t

oilseeds. Soybean bears less oil than canola and canola bears less oil thanrsunflowe

Summary of Production Costs

The table presented below presents a summary of producing oilseed crops per
acre, the cost of oilseed produced per Ib and the cost of oil extracted per Ib. This is
calculated for 100% canola scenario, 100% soybean scenario and 100% sunflower
scenario.

Tablelll-7: Summary of Production Cost Per Acreand Cost Per Lb
Oilseed Crop Scenarios

Cog of Production

100% Canola 100% Soybean 100% Sunflower
Crop production cost $214.89/acre $118.38/acre 9.$2fcre
Cost of oilseed produced $0.10/Ib $0.09/Ib $11/
Cost of oil extracted $0.35/Ib $0.67/b $0.35/Ib
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The crop production cost per acre is based on the cost estimation for individual
crops by Oklahoma State University Enterprise Budgets, 2009. The cost of oilséied pe
is estimated by dividing the total cost of production by the total quantity of @ilsee
produced. The cost of oil extracted is estimated by dividing the total cost of production
by the total quantity of oil extracted from the oilseed crusher. The ertrafticiency of

oilseed crusher in this study is assumed to be 80% and is same for all the crops.

Summary of Equipment Costs

The table presented below shows the list of all the equipments which aredequire
for three different production facilities along with their cost estimatidine integrated
biodiesel processor includes settling/washing tanks, processing tanksxisetmixing
tank and pipes and fittings which are not shown in the table. Additional equipment if
required can be added in the miscellaneous section. The costs of equipmentgnesente
the table are based on the review of price quotes from several manufacturkseseof oi
crushers and biodiesel processors. The pre cleaner was assumed to be used only for
cooperative scale. The storage bins were assumed to store grains (oitse2d®dks.

The oil storage tanks and biodiesel storage tanks have the capacity to stnce oil
biodiesel for 1-1.5 months. Meal storage tanks have the capacity to storenieal f
weeks and glycerine storage tanks have storage capacity of 1-2 monttis.tBesiost
of the equipments and other required accessories, ten percent of the total cost of

equipment is added for installation and freight.
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Tablell1-8: Summary of Equipment Costsfor three Different Production Facilities

. . Small Medium  Communit
List of Equipments Scale Scale Scale y
Oilseed Crusher Grain storage bin 1 (30 ton) $3,500 0 0
Grain storage bin 2 (75 ton) 0 $8,750 0
Grain storage bin 3 (150 ton) 0 0 $17,500
Pre cleaner 0 0 $10,000
Extruder 1 (600 Ibs/hr) $28,298 $56,596 0
Expeller 1 (600 Ibs/hr) $31,434 $62,868 0
Extruder 2 (2500 Ibs/hr) 0 0 $62,344
Expeller 2 (2500 lbs/hr) 0 0 $62,869
Conveyor $4,659 $9,318 $4,659
Filter $1,000 $1,000 $1,000
Drum strainer $40 $40 $40
Oil storage tank 1 (1000 gal) $1,781 0 0
Oil storage tank 2 (2000 gal) 0 $2,633 0
Oil storage tank 3 (5000 gal) 0 0 $5,952
Meal storage tank 1 (25 ton) $105 0 0
Meal storage tank 2 (50 ton) 0 $196 0
Meal storage tank 3 (100 ton) 0 0 $369
Spare parts kit $500 $500 $500
Installation and Freight $6,439 $12,878 $12,987
Sub-total $77,756 $154,779 $178,220
Biodiesel Processor ~ Titration pipe supplies $100 $100 $100
Lab glass ware $100 $100 $100
Purchased oil storage tank 1 (750 gal)  $1,074 0 0
Purchased oil storage tank 2 (1500 gal) 0 $2,207 0
Purchased oil storage tank 3 (3000 gal) 0 0 $3,195
Methanol tank 1 (250 gal) $370 0 0
Methanol tank 2 (350 gal) 0 $611 0
Methanol tank 3 (1000 gal) 0 0 $1,073
Biodiesel processor 1 (24 gal/hr) $24,500 0 0
Biodiesel processor 2 (55 gal/hr) 0 $47,000 0
Biodiesel processor 3 (110 gal/hr) 0 0 $94,000
Biodiesel storage tank 1 (1000 gal) $1,781 0 0
Biodiesel storage tank 2 (2000 gal) 0 $2,633 0
Biodiesel storage tank 3 (5000 gal) 0 0 $5,952
Glycerine tank 1 (1000 gal) $1,397 0 0
Glycerine tank 2 (2000 gal) 0 $2,531 0
Glycerine tank 3 (4000 gal) 0 0 $3,504
Biodiesel test kit $200 $200 $200
Scale $50 $50 $50
pH meter $45 $45 $45
Safety equipment $500 $500 $500
Drum strainer $100 $100 $100
Spare part kits $500 $500 $500
Pipes and fittings $500 $500 $500
Installation and Freight $2,450 $4,700 $9,400
Sub-total $33,667 $61,777 $119,219
Grand Total $111,423  $216,556 $297,439
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Example: | nput-Output Flow

This gives an idea of how much biodiesel and other by-products are produced
from 1 ton of oilseed. This also gives an idea of what quantity of other inputs aredequire
to make biodiesel from 1 ton of oilseed crops. The extraction efficiency of thewilse
crusher was assumed to be 80%. The oil content of soybean, canola and sunflower was
assumed to be 18.7%, 38.2% and 43.6% respectively. The calculation on the biodiesel
aspect assumes that to make 100% of the input content in the biodiesel processor we will
require 87% oil, 12% alcohol and 1% catalyst. If we have inputs in this proportion we

would get output as 87% biodiesel, 9% glycerine and 4% other residues.

Figurelll-1: Example: Input-Output Flow

. 1 ton Soybean 1 ton Canola 1 ton Sunflaver
Oilseed
Crusher
36.52 gal  0.79 ton/ 0.06 ton 79.2 gal Oil || 0.69 ton Meal | 85.15 gal | 0.60 ton| | 0.06 ton
Qil Meal Hulls Qil Meal Hulls
Outside Supply Outside Supply Outside Supply
Biodiesd
Pr ocessor
36.52 | 5.04gal | 0.42gal 79.2 10.92 gal | 0.91 gal 85.15 || 11.58 gal | 0.96 gal
gal Oil | Methanol | Catalyd gal Oil || Methanol| Catalyd gal Oil || Methanol | Catayst
Final
Products|
36.52 gal 26.73 Ibs 79.2 gal 57.82 Ibs 85.15 gal 61.32 Ibs
Biodiesel Glycerine Biodiesel Glycerine Biodiesel Glycerine

(Calculation made for Coop. Scale)
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The flow chart presented above shows that 1 ton of soybean would produce 36.52
gal oil, 0.79 ton meal and 0.06 ton hulls. If this oil goes into biodiesel processor, it will
require 5.04 gal methanol and 0.42 gal catalyst to process into biodiesel. The final
product would be 36.52 gal biodiesel and 26.73 Ibs glycerine along with other residual

matters. The same explanation would apply for 1 ton of canola and 1 ton of sunflower.

Summary of Daily Capacities and Outputs

The table presented below shows the inputs required and outputs produced for

each of the three different production facilities on a daily basis and fibired

feedstocks.

Tablelll-9: Summary of Daily Capacities and Outputs

Inputs/Outputs Per Day Small Scale Medium Scale Cooperative Scale
Oilseed Input Grain 2.85 ton 5.7 ton 9.5 ton
Crusher
Output | OiIl 104 gal (Soybean) | 209 gal (Soybean) | 348 gal (Soybean)
Produced| 227 gal (Canola) 454 gal (Canola) 757 gal (Canola)
243 gal (Sunflower) | 487 gal (Sunflower)| 811 gal (Sunflower)
Meal 2.25 ton (Soybean) | 4.51 ton (Soybean) | 7.51 ton (Soybean)
1.96 ton (Canola) | 3.92 ton (Canola) | 6.53 ton (Canola)
1.71 ton (Sunflower) 3.45 ton (Sunflower) 5.75 ton (Sunflower)
Hulls 0.17 ton (Soybean) | 0.34 ton (Soybean) | 0.57 ton (Soybean)
0.17 ton (Sunflower) 0.34 ton (Sunflower) 0.57 ton (Sunflower)
Biodiesel | Input Oil from | 104 gal (Soybean) | 209 gal (Soybean) | 348 gal (Soybean)
Processor Oilseed | 182 gal (Canola) 418 gal (Canola) 757 gal (Canola)
Crusher | 182 gal (Sunflower)| 418 gal (Sunflower)| 811 gal (Sunflower)
Extra Oil | 78 gal (Soybean) 209 gal (Soybean) | 488 gal (Soybean)
Required | 0 gal (Canola) 0 gal (Canola) 79 gal (Canola)
0 gal (Sunflower) 0 gal (Sunflower) 25 gal (Sunflower)
Methanol | 16 gal 38 gal 75 gal
Catalyst 14 lbs 32 Ibs 64 Ibs
Output | Biodiesel| 182 gal 418 gal 836 gall
Glycerine | 134 Ibs 306 Ibs 613 Ibs
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The calculation is based on the assumption that the oilseed crusher is operated 10
hours a day and the biodiesel processor is operated 8 hours a day. The other assumptions
are that one ton of soybean will produce 36.52 gallon of oil, 0.79 ton of meal and 0.06 ton
hulls; one ton of canola will produce 79.2 gal of oil and 0.69 ton of meal; and one ton of
sunflower will produce 85.16 gal of oil, 0.60 ton of meal and 0.06 ton hulls. The
calculation assumes that the oilseed crusher for small scale, mediurargtale
cooperative scale can crush 2.85 tons, 5.7 tons and 9.5 tons of oilseeds respectively in
one day. Similarly, the calculation assumes that the biodiesel processoaficscate,
medium scale and cooperative scale facilities can make 182 gal, 418 g8bagal 8f
biodiesel respectively in one day. If 2.85 tons of oilseeds are supplied fdissaialto
crush, 104 gal of oil is produced from soybean, 227 gal of oil is produced from canola
and 243 gal of oil is produced from sunflower. The quantities of meal and hulls produced
from these feedstocks will also vary. When all the oil produced by crushing theldgilsee
small scale is supplied to the biodiesel processor some additional oil of 104 gal is
required if soybean is used as a feedstock. But no additional oil is required if @anola
soybean is used as a feedstock. The additional oil is required to meet the feddiodi
production potential of the small scale biodiesel processor of 182 gal in one dag. Besid
182 gal of biodiesel produced in one day from the small scale facility, 134 Ibs of
glycerine and other residual matters are also produced. The similaraiqian
applicable for the medium scale and cooperative scale facility.cmadahe facilities,
the additional oil required is more for soybean scenario than for canola and sunflower
scenario. This is because the oil content of soybean is comparatively fetisetiod

content of canola and sunflower.
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Summary of Enerqy and Processing Time Estimations

The following table provides an idea of the quantities of electricity in kileveatt
water in gallons used to process 1 ton of oilseeds into biodiesel. This gives an idea of t
utility costs and KWs used to operate different scales of oilseed crusipeoséss 1 ton
of oilseed. This also gives an idea of the utility costs, KWs and water{&al)by
different scales of biodiesel processors to process the oil produced from 1 tghezrso
canola and sunflower.

Tablelll-10a: Small Scale: Energy and Processing Time Estimations

Energy and Processing Timefor 1ton Soybean Canola Sunflower
Oilseed Crusher Time to proces$s1 hr 3.51 hr 3.51 hr
HP 71 71 71
KW 199 199 199
Utilities $21.93 $21.93 $21.93
Biodiesel Processor Time to procds8065 hr 3.475 hr 3.702 hr
KW 26.39 57.08 60.8
Water1,575 gal 1,662 gal 1,673 gal
Utilities $6.05 $9.60 $10.03
Total Cost$27.98 $31.53 $31.96

The table above indicates that it will take 3.51 hour to crush 1 ton either of
soybean, canola or sunflower. A total of 71 HP is calculated which is based on the sum of
HPs for extruder, expeller and conveyor which are 50 HP, 20 HP and 1 HP respectively
for each of them. The KW calculation is based on 80% connected HP multiplied by the
hours and days of operation. The total utility cost is calculated to be approyimatel
$21.93 which is obtained by multiplying the total KWs by the electricity cost of $0rl11 pe
KW. So, $21.93 is the electricity cost to crush 1 ton of oilseed for small scale.

The operating time calculated for the biodiesel processor is based on theyquantit

of oil produced from each of the three oilseed crops. One ton each of soybean, canola and

sunflower will produce approximately 37 gallons, 80 gallons and 85 gallons of oil

respectively. Therefore, as less oil comes from soybean, less time i®ysecess
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soybean compared to canola and sunflower. Canola will require more time to process
than soybean while sunflower will require even more time than canola. The KW
calculation for biodiesel processor is based on the total BTUs required joer ayadl it
depends on the BTUs calculated for the reactor and the oil-methanol condenser. The
calculated BTUs per gallon of biodiesel for the simplest biodiesefioeaand methanol
recovery system were 2,398 BTUs. This value was converted to KWs supplementing
with the fact that 1 KW/hr would produce 3,412 BTUs. Most of the calculated elgctrici
as shown in the table above would be used to heat the required quantity of the biodiesel
and some fraction of this energy would be used to operate processor pumps and other
similar equipment if necessary. The water usage is based on the assumption that 2 gal
of water is required for each gallon of biodiesel plus an additional 500 gallons of wate
for drinking and 1000 gallons for wash or cleanup. A water rate of $2 per 1000 gallon is
used to calculate the cost of water. Finally, the total utility cost for tipgiaiodiesel
processor is calculated by summing the cost for electricity and waige.uBhis cost is
summed up with the total cost of operating the oilseed crusher to obtain thethhal t
utility cost. The same explanation follows for table 11I-7b and tabl@dlwhich are
presented below.

Tablelll-10b: Medium Scale: Energy and Processing Time Estimations

Energy and Processing Timefor 1ton Soybean Canola Sunflower
Oilseed Crusher Time to proceds/55 hr 1.755 hr 1.755 hr
HP 141 141 141
KW 198 198 198
Utilities $21.78 $21.78 $21.78
Biodiesel Processor Time to proce8501 hr 1.5163 hr 1.6155 hr
KW 26.31 56.91 60.63
Water 1,575 gal 1,662 gal 1,673 gal
Utilities $6.04 $9.58 $10.02
Total Cost $27.82 $31.36 $31.8
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Tablelll-10c: Cooper ative Scale: Energy and Processing Time Estimations

Energy and Processing Timefor 1ton Soybean Canola Sunflower
Oilseed Crusher Time to process 1.053 hr 1.053 hr 1.053hr
HP 156 156 156
Kw 131 131 131
Utilities  $14.46 $14.46 $14.46
Biodiesel Processor  Time to process 0.3505 hr 0.7582 hr 0.80775 hr
KW 26.02 56.29 59.97
Water 1,575 gal 1,662 gal 1,673 gal
Utilities  $6.01 $9.52 $9.94
Total Cost  $20.47 $23.98 $24.4

Description of the Feasibility Template

An economic feasibility template was constructed using Microsoft Eacel
project the cost and return of on-farm processing of canola, soybean and sunflower int
biodiesel. Data was collected from several sources to create spetadsied in this
feasibility study. The structure of the feasibility template wasdas a previous
biodiesel feasibility template developed by Drs. Bowser, Kenkel and Holabmb
Oklahoma State University. The template contains eleven different hemtssfor inputs
and outputs. Five worksheets require input information which are basic capittlis,
biodiesel production size and capacity, production costs, equipment scheme and personal
expenses. The user-supplied information and assumptions made for the model is used in
financial calculations. The calculations include market and expense projeaiams, |
amortization, operation summary, and return on investment which were calcatated
ten year period. A separate user's manual will be developed for the useeshiiate.

The detail on each of the sheets is explained below.
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| nput Value

The “input value” is the first sheet which takes several input informatioa
cells colored in green are used to fill the input information which is carriethéo ot
worksheets for the required calculations. The users will have the option tohenbaisic
information like the no. of oilseed crushers or the biodiesel processors to béouged a
with their capacities from the dropdown list or can enter their own value. Other
information like the oilseed crops to be used and their proportionate use caerbe giv
When these informations are entered, the annual biodiesel production (gallonsgl, oilse
crushed (tons), oil produced (gallons) or any excess oil/purchase oil (gallons) are
calculated by the template. There are other input cells as well foalcstpitcture like
debt, loan term, interest rate, working capital and so on. Other input cells include ta
information, biodiesel tax credit and transportation. There are also inmufarelaw and
final product prices, utilities, inflation, and other. There are also @elisdjusting the
values for the selected crops. All the values entered in the input cells ihabtsase

used for calculation on other sheets.

Cost of Production

The cost of production sheet includes simple calculations for producing soybean,
canola and sunflower. The cost per acre for each of the crops is determmmetdr
values entered for seed, fertilizer, pesticide, insurance, operating ,caystaim hire,
machinery fuel, lube and repair and some other expenses. The total cost forteach of
crops is calculated by multiplying the total acres grown for each of the.crbp basic
expense data for producing these crops per acre are obtained from Oklahema Stat
University’s Enterprise Budgets (2009).
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Equipment

The equipment sheet includes cost estimation for the oilseed crusher and biodiesel
processor. This sheet includes the list of all necessary equipments and #ssoaes.
For the oilseed crusher, this includes pre-cleaner, extruder, expelleryagrireers,
tanks (for meal and oil storage), spare part kits and miscellaneous itemitatl{y
different capacities of the integrated biodiesel processor, tanks foamoétglycerol and
biodiesel and other accessories are included for the biodiesel processor. &hasshe
has the option to include the number of pieces of oilseed crushers and biodiesel
processors or their accessories. Beside this, it also has the option to includesthand
other specifications like the horse power (HP) and electricity (KW/ho bgehe
equipment or the horse power (HP) and electricity (KW/hr) used by iéssmees during

oilseed crushing or biodiesel processing.

This sheet includes detailed cost estimation for electricity, heatmyehand
water. It also includes cost estimates for sewage disposal and teleph®esitor
electricity is based on the HP or KW/hr used which comes from the equipment $ieeet. T
calculation for natural gas consumption is based on the total BTUs estimagfiinede
per gallon of biodiesel for the simplest biodiesel reaction and methanol necggeem.
Users will have opportunity to use either electricity or natural grasdat exchanger. The
total water required is calculated by assuming that one gallon of biodieseltpyodud
require two gallons of water. Total utility per year and total utilitygadlon are
calculated using the summed cost estimation from electricity, naturalg@s,usage,

telephone and waste disposal.

40



Per sonnel Expenses

This sheet includes adjustable variables for personnel expenses. The sheet
includes details for the employees who work in the administration section andvmse
work in the production section. The variables in this sheet include the information for
employee position, their number, salary, benefits and overtime percentage.l@sishe

of this information, the total personnel expenses are determined.

Capital Assets

This sheet calculates depreciation on a yearly basis. The deprecssditeused
for calculation includes buildings, special purpose buildings, equipment and heawy rolli
stock, and light trucks and vehicles. Buildings are depreciated on a 39 yiggut $itra.
Special purpose buildings are depreciated on a 10 year straight line. Equipment and
heavy rolling stock are depreciated on a 7 year life using MACRS (Mdditteelerated
Cost Recovery System) and light trucks and vehicles are depreciated oardife ye

using MACRS.

M ar ket Projection

This sheet includes information on annual tons of oilseed processed for each crop,
the yearly prices per Ib for three crops, the prices for meal, hull and thvesiddther
details included are the yearly sales for meal, hulls, oil, glycerol and ssbiheterms of
tons or gallons and in dollars. This sheet also includes the purchase volume and the
dollars spent for the purchase of additional oil, methanol and catalyst. The grgssmar

for each year are also calculated.
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L oan Amortization

This sheet is used to calculate loan principal and interest payments. The data used
for calculation in this sheet are obtained from input value sheet. Working capital i
amortized on this sheet. The sheet provides details on interest expenses on an annual

basis.

Expense Projection

This sheet projects yearly expenses for ten year periods which ateoncibe
information provided in the earlier worksheets. Total variable expensedarkaie by
summing the sub-totals for personnel expenses, trucking expenses, expenddseyr uti
and cost of production for the oilseed crops. Similarly, the expenses for maintenance,
insurance, property tax and others are summed to get the fixed expenses.dthally

miscellaneous expenses are included to obtain the total expenses.

Operation Summary

This sheet summarizes the total income and expenses for a ten yearfieiod
sheet uses the market projection sheet to obtain the gross sales and cost sblgcous
expense projection sheet to obtain the expenses. This sheet shows simple profections
cash flows which are made by adjusting annual after tax profits for dafvacxpenses
and loan principal payments. Net costs per gallon of biodiesel for each productazh peri

are also calculated in this worksheet.
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Return on I nvestment

This is the most important sheet as it summarizes the feasibility ofcithie el
production facility. The feasibility measures used for calculatiomdeenal rate of
return (IRR), net present value (NPV), return on assets (ROA), retuiuag €ROE)
and payback period. All five measures are determined by using the stamdanthffor
calculations. The six measures test the feasibility of the on-farm kebgresiuction. For
all the scenarios, feasibility measures were computed and are sunthoarites “Return
on Investment” sheet in the feasibility template.

The Internal Rate of Return (IRR) is an interest rate at which th@tcost
investment leads to the benefits of the investment or it is an interest rateifmestment
which will turn the net present value (NPV) to zero. The IRR is generally paxamded
return from the project and is a measure of what the company could be earning had they
invested elsewhere. It is generally better to invest in projects wheseafareturn are
higher than the firm’s required rate of return. The generally addeptate of return is 7-
8%.

The Net Present Value (NPV) is a sum of the difference between the present val
of cash inflows and the present value of cash outflows. NPV compares the dokar val
of a project today to the value of that same dollar in the future at a given disatgurt
is similar to IRR in that it considers cash flows and adjusts for the tirne véimoney.

A positive NPV is generally acceptable for a project.

The Return on Assets (ROA) measures how profitable a firm is relatiige to i

asset. It gives an idea of how efficiently management is using @sdesarn

profits. But ROA does not provide a perfect measure of profitability beciaigse i
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impacted by depreciation and other tax issues and the owner’s return is alsi@thipa
the firm’s use of debt and equity capital.

The Return on Equity (ROE) measures how profitable a firm is relative to the
owner’s equity. It measures how much profit a firm generates to the nmmoresyed by
the shareholders. Like ROA, it is also impacted by depreciation and othelatax re
issues. Compared to NPV or IRR, ROE is less useful in evaluating a potengat proj
although it is widely accepted measure of firm performance because R@gated by
the amount of leverage, two firms with different ratios of debt and equity in theialcapi
structure would project different ROEs for an identical project (Kenkal €005).

The last measure is the payback period which measures the length of tilne whic
is required to cover the cost of an investment. There is no general benchmark for an
acceptable payback period however three years or less is generafiyeac

In the return on investment sheet, sensitivity analysis was performedall simg
five financial measures discussed above. This was done by varying thepoadiag
values by certain percentage and measuring the financial measuresditieitye
analysis for biodiesel prices and additional purchased oil prices was pediftorall the
five scenarios. The sensitivity for the impact of the scale of the productidityfapil
content, cost of equipment, cost of production, cost of maintenance, cost of electricity
and interest rate are performed only for the baseline (100% canola) scer@io. Ot
sensitivity performed is for crop yield and for soybean meal price. Thaiggnsi

analysis was performed using macros feature in Excel.
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CHAPTER IV

RESULTSAND SENSITIVITY ANALYSIS

The term sensitivity analysis refers to the process of performing budget
computations or feasibility projections multiple times, each with a diffesetrof prices
or yields (Kay et al, 2008). This study uses sensitivity analysis to studyplaet of
changes in the values of oilseed crop inputs, biodiesel and oilseed meal outputs, type of
crop used as input, oilseed yield and scale of production and various cost factors on the
returns to the integrated oilseed processing and biodiesel processing venture. The
sensitivity analysis includes projections for a 100% canola scenario, 100%rsoybea
scenario, 100% sunflower scenario, 50% soybean-50% canola scenario and 50% canola-
50% sunflower scenario. The sensitivity for 50% soybean-50% sunflower was not
performed since they both are the summer crops. The 100% canola scenario isezbnside
as the baseline scenario and the cooperative scale is considered as the bagatrene
size. The feasibility template constructed in MS Excel was used taasstihe returns on
investment for each of the scenarios. The internal rate of return (IRR), setfpvalue
(NPV), return on assets (ROA), return on equity (ROE) and payback period were
computed as measures of return on investment. For breakeven analysis, an IRR of 0%
was considered a break even return. In some scenarios involving negative tetams i

not possible to calculate the internal rate of return. The sensitivity of the ogtur
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investment to the scale of the production facility, cost of equipment, cost of production,
oil content, cost of maintenance, cost of electricity and interest rate wéyampesd for

the baseline (100% canola) scenario. The sensitivity for biodiesel price amagpeot oil
price was performed for all the five scenarios and sensitivityiédd was performed for

three 100% scenarios. Details of the analysis and results are discussed below.

Resultsfor Baseline (100% Canola Crushed) Scenario

For the baseline scenario, 100% canola was used as the feedstock. The equipment
in the “input value sheet” was set to the baseline i.e. cooperative scale (1dottiier f
oilseed crusher and 110 gallon/hr for the biodiesel processor). The oilseed crisher wa
operated 10 hours/day and the biodiesel processor was operated 8 hours/day. When
operated in its fullest capacity, the oilseed crusher would supply 227,027 gallons of oll
So, 23,773 gallons of additional oil was required to meet the full production potential of
the biodiesel processor which would finally make 250,800 gallons of biodiesel annually.
The result for this scenario is presented in the table below:

TablelV-1: Measures of Return at Basdine for the 100% Canola Scenario

Economic Variables Values at Baseline
IRR 25.16%
NPV $250,423
ROA 14.94%
ROE 39.45%
Payback Period "7Year

The results at baseline values showed that for 100% canola the IRR would be

25.16%, NPV would be $250,423 and the payback period would be 7 year. This means
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that the 100% canola scenario would be profitable under baseline assumptions and prices
and the generated cash flows can cover the expenses of the project.

Several sensitivity analyses were performed for this scenario. Thetiofpa
biodiesel price, additional purchased oil price, the scale of the oilseed crushes and t
biodiesel processor, the yield of the crop, the canola oil content, the total cost of the
equipment, the total cost of production, the interest rate, the cost for elgetndit
maintenance cost were performed by varying the corresponding @aldi¢ise changes in
measures of return were calculated. The details of the sensitivijg@siéor this

scenario are presented and discussed below.

| mpact of Biodiesal Price-Basgline Scenario

The price of biodiesel was allowed to vary by 5 cents and all other variables were
kept constant at baseline values. Then return on investment measures suchasatger
of return (IRR), net present value (NPV), return on assets (ROA), return on @DIE)
and payback period were calculated for each of the changes in the biodiesel prices. The
table presented below shows the changes in sensitivity measures for eachadidsebi
prices.

TablelV-2: Impact of Biodiesel Price on ROI for the Baseline Scenario

Economic Biodiesel Price

Variable $3.20 $3.25 $3.30 $3.35 $3.40 $3.50
IRR -7.60% -0.66% 5.31% 10.70% 15.25%25.16%
NPV -$228,848 -$148,970-%$69,091 $10,787 $82,715%$250,423
ROA -11.22% -6.86% -2.50% 1.86% 5.78% 14.94%
ROE -13.40% -4.59% 4.22% 13.03% 20.969%39.45%

Payback Period >10 Year >10 Year10 Year 18 Year 9"Year 7" Year
(Baseline biodiesel price is $3.50/gal, Sensitivity performed for Cocgie)

The results in table IV-2 show that the breakeven biodiesel price is between $3.25

and $3.30. An increment in the biodiesel price by 5 cents per gallon would increase the
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IRR by approximately 5% and similarly it would increase the ROA by apmiately

4%, and ROE by approximately 8%. The net present value (NPV) for the baseline
biodiesel price was calculated to be $250,423. This value indicates that at thelselect
baseline biodiesel price and discount rate, the scenario of crushing canola and
manufacturing biodiesel will generate sufficient cash flow to cover erparsd cover

the 10% opportunity cost of the invested capital. The positive projected cash flows of
$250,423 at biodiesel price of $3.50 per galbow that the project’s income can cover

the cash expenses and loan payments of the project. The payback period would be seven

years from the investment year for the baseline biodiesel price.

| mpact of Additional Purchased Oil Price-Basaline Scenario

As discussed previously, operating both the oilseed processing equipment and
biodiesel processing unit at full capacity requires some additional oil to be pdchas
from outside sources. This feedstock represents approximately 10% of thd total oi
processed. The price of the additional oil was allowed to vary by 10 cents whiledgeepi
all other variables constant at baseline values. Then return on investment me@sare
calculated for each of the change in the purchased oil prices. The tablequtdsdoty
shows the changes in return on investment measures for each of the additionaédurchas
oil prices.

TableV-3: Impact of Purchased Oil Price on ROI for the Baseline Scenario

Economic Purchased Oil Price

Variable $1.7 $1.8 $1.9 $2.0 $2.1 $2.2
IRR 31.63% 25.16% 18.44% 11.32% 3.46% -5.83%
NPV $365,512 $250,423 $135,334 $20,245 -$94,844  -$209,933
ROA 21.22%  14.94% 8.66% 2.37% -3.91% -10.19%
ROE 52.14%  39.45% 26.76% 14.07% 1.38% -11.32%

Payback Period "5Year 7"Year 8"Year 10 Year  >10Year >10 Year
(Baseline purchased oil price is $1.8/gal or $0.28#msitivity performed for Coop. Scale
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Results indicate that the breakeven price of additional oil is between $2.1 and
$2.2 per gallon. A 10 cent decrease in the price of additional purchased oil results in
approximately 7% increase in IRR, approximately 6% increase in ROA and
approximately 13% increase in ROE. The net present value (NPV) for the baseline

purchased oil price would be $250,423 and the payback period would be 7 years.

| mpact of Scale of Oilseed Crusher and Biodiesel Processor-Basaline Scenario

The sensitivity for the impact of the scale of the production facilitiesegmls
crusher and biodiesel processor) was examined. The working capital for medium and
cooperative scale operations was set to 2% of annual sales plus $100,000 while the
working capital of the small scale was set just to 2% of annual sales with no other
amount. The full capacity volumes of the various scales of oilseed premsesav
perfectly aligned with the maximum capacities of the various scalesdiebel
processors. Because of this mis-match the price assumption for the outsidehaisesirc
or excess oil sales interfered with the examination of scale economibs.adsumed
price for outside oil purchased was low relative to the value of biodiesel then an
equipment complement where the biodiesel processor capacity exceeded ¢uepodss
capacity appeared more profitable. Similarly when the value of excesailigh
relative to the biodiesel value then scenarios where the oilseed pressyoeyaesded
the biodiesel processor appeared more profitable. To isolate the impadeof sca
economies, the ratio of oil supplied by the crusher to the amount purchased from outside
sources was held constant across the facilities. This made it necessayythe va
assumed hours of operation of the crushing systems from the 10 hour/day baseline

assumption. The crushing system was assumed to operate 7.27 hours/day for the small
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scale system, 8.33 hours/day for the medium scale and 10 hours for the cooperative scale
By doing so, the oilseed crusher supplied approximately 90% of the oil and

approximately 10% of the oil had to be purchased from outside sources for eadf scale
operations.

TablelV-4: Impact of Scale of Production on ROI for the Baseline Scenario

Economic Small Scale Medium Scale Cooperative Scale
Variable Oil Produced: 49,515 Oil Produced: 113,468 Oil Produced: 227,027
Oil Purchased: 5,205 Oil Purchased: 11,932 Oil Purchased: 23,773
IRR Neg Neg 25.16%
NPV -$441,427 -$301,842 $250,423
ROA -62.51% -21.09% 14.94%
ROE -117.81% -34.34% 39.45%
Payback Period >10 Year >10 Year 7" Year

(Cooperative scale is the baseline equipment size)

The result showed that both the medium and small scale has negative returns and
only cooperative scale has positive returns. The small scaleyf&abthigher values of
negative returns compared to the medium scale. The labor cost per gallon and dhe capit
cost per gallon were significantly higher for small scale when competk the
cooperative scale. This shows that smaller the scale of production the Idrdertive
negative returns reflecting the economies of scale. Since the coopaiatie appears
most profitable, this scale of production would likely exceed the oilseed crop porducti
of a single producer but would be obtainable by a small group of producers or a small

scale cooperative.

| mpact of Canola Yield-Basaline Scenario

Canola yield impacts the per-acre return from producing canola and pngciessi
into biodiesel. The acres required to produce canola depends on the capacity of the
oilseed crusher and the yield of the crop. When the canola yield is higher, lessfacre

land is needed to produce canola and vice-versa. Table IV-5 summarizes the ahanges i
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measures of return when the yield of the canola is allowed to vary by 5% o&#imba
yield holding all other baseline assumptions constant at baseline values.

TablelV-5: Impact of Canola Yield on ROI for the Baseline Scenario

Economic Canola Yield (Ibs/acre)

Variable 1700 1800 1900 2000 2100 2200
IRR Neg -1.86% 13.33% 25.16%  35.30%  44.32%
NPV -$413,661 -$167,704 $52,363 $250,423 $429,620 $592,526
ROA -21.40% -7.94% 4.10% 14.94% 24.74%  33.66%
ROE -33.22% -6.30% 17.78% 39.45%  59.06%  76.89%

Payback Period  >10 Year >10 Year "Mear 7"VYear 5"VYear 4" Year
(Baseline canola yield is 2000 Ibs/acre, Sensitivity performed for Coaje)S

Results indicate that the breakeven yield of canola is between 1800 Ibsthcre a
1900 Ibs/acre. An increase in yield per acre by 5% of the baseline yieldsiestba IRR
and ROA by approximately 10% and ROE by approximately 20%. The net present value

(NPV) for the baseline canola yield is $250,423 and the payback period is 7 year.

| mpact of Canola Oil Content-Baseline Scenario

Canola oil content varies among varieties and the methods of extraction. Some
varieties of canola yield a high percentage of oil while others yieldlger. Similarly,
some methods of extraction can extract a very high quantity of oil per Ib while other
methods cannot. Therefore, an increment of 0.2% of the canola oil content was made and
measures of return on investment were noted. All other baseline assumptiohgldere
constant. Table IV-6 summarizes the results of the changes in measuwtesrof

TablelV-6: Impact of Canola Oil Content on ROI for the Baseline Scenario

Economic Canola Oil Content

Variable 37.2% 37.4% 37.6% 37.8% 38.0% 38.2%
IRR Neg -0.5% 6.7% 13% 19% 25.16%
NPV -$243,468  -$146,627  -$49,785 $47,056 $143,89750,423
ROA -12.02% -6.74% -1.45% 3.84% 9.12% 14.94%
ROE -15.01% -4.33% 6.35% 17.03%  27.70%39.45%

Payback Period >10 Year >10 Year  >10 Year 10 Year" Ye&r 7" Year
(Baseline canola oil content is 38.2%, Sensitivity performed for Coop. Scale)
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Results indicate that the measures of return are highly sensitigrd@ oil
content. When the canola oil content is increased just 0.2% above the baseline, IRR
increases approximately by 6%, ROA increases approximately by 5%C#hd R
increases approximately by 10%. The breakeven canola oil content is appebximat

37.4%.

| mpact of Cost of Equipment-Basaline Scenario

The sensitivity of the return on investment to the cost of equipment was measured
by varying the cost of equipment by 20% of the baseline cost while all othdslearia
were kept constant at baseline values. Table IV-7 summarizes the reshiésmogés in
measures of return.

TablelV-7: Impact of the Cost of Equipment on ROI for the Baseline Scenario

Economic Cost of Equipment

Variable $297,439 $356,927 $416,414 $475,902  $535,390 $594,878
IRR 25.16% 23.66%  22.13% 20.58% 18.99% 17.38%
NPV $250,423 $223,387 $196,351 $169,315  $142,279  $115,244
ROA 14.94% 8.81% 4.44% 1.15% -1.40% -3.44%
ROE 39.45% 26.37% 17.03% 10.02% 4.57% 0.21%

Payback Period 7"Year 8"Year 10 Year 1¢'Year >10Year >10 Year
(Baseline equipment cost is $297,439, Sensitivity performed for Coop) Scale

The results indicate that the measures of return are not very sensitivetsitbé
equipment. When the cost of equipment is increased by 20%, IRR decreases by
approximately 2%, ROA decreases by approximately 4% and return on éecrieases
by approximately 6%. In this result, it is surprising to note that the $/RRlli positive

when the cost of equipment is almost increased by 80% or even by 100%.

| mpact of Cost of Production for the Oilseed Crop-Basdline Scenario

The crop production directly affected the return on investment since the system is
integrated with crop production, oilseed crushing and biodiesel processing. lasihis c
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the cost of production for canola is allowed to vary by 5% of the baseline cost and all
other variables are kept constant at baseline. Table V-8 summarizes theatthd
changes in measures of return in this case.

TableV-8: Impact of the Cost of Production for Canola on ROI for the Baseline
Scenario

Economic Cost of Production

Variable $551,190 $581,811 $612,434 $643,055 $673,677  $704,298
IRR 46.20%  35.80%  25.16% 13.95% 1.33% Neg
NPV $626,737 $438,580 $250,423  $62,266 -$125,891 -$314,048
ROA 35.53%  25.23% 14.94% 4.64% -5.65% -15.95%
ROE 80.63%  60.04%  39.45% 18.86% -1.73% -22.32%

Payback Period 4"Year 8'Year 7"Year 10"Year >10Year >10 Year
(Baseline total cost of producing canola is $612,434, Sensitivity perddion€oop. Scale)

The breakeven production cost underlying the base scenario was between
$673,677 and $704,298. Results show significant positive returns for most of the range of
the production costs. Lowering the cost by 5% increases the IRR by apatelyii0%,

ROA by approximately 11% and ROE by approximately 21%. This shows that the

measures of return are sensitive to the cost of canola.

| mpact of Interest Rate (Short Term and L ong Ter m)-Basaline Scenario

In this case both the short term and long term interest rate were varied by 4% and
the impacts on returns were measured. All other variables under baselinptassiare
kept constant. Table V-9 summarizes the results of the sensitivity folaes c

TablelV-9: Impact of Interest Rate on ROI for the Baseline Scenario

Economic Interest Rate

Variable 3.50% 7.50% 11.50% 15.50% 19.50% 23.50%
IRR 26.82%  25.16% 23.49% 21.80% 20.10% 18.37%
NPV $279,324 $250,423 $221,522 $192,620 $163,719 $134,818
ROA 18.00%  14.94% 11.76% 8.49% 5.14% 1.71%
ROE 45.16%  39.45% 33.52% 27.39% 21.08% 14.63%

Payback Period "6Year 7"Year 7" Year & Year Y 'Year 10 Year
(Baseline short term and long term interest rate is 7.5%, Setysitériformed for Coop. Scale)
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The results indicate the measures of return are not sensitive to both thershort
and long term interest rate for an integrated oilseed crushing and biodieseliproduct
venture. There will be positive returns at interest rates of 23.5% or lower. Oaty wh
interest rate exceeds 25% were the returns on assets negative andhao& payiod
exceeded 10 years. Increasing interest rate by 4% lowers IRpplyxanately 2%,

ROA by approximately 3% and ROE by approximately 6%.

| mpact of Maintenance Cost-Baseline Scenario

In the baseline scenario, the annual costs of maintaining and repairing the oilsee
crushing and biodiesel facility were assumed to be 5% of the total equipment dusts. T
maintenance cost was varied by 2% increment to investigate its impactmojeut
returns, and the changes in measures of return were calculated. All othierebasel
assumptions were kept constant. Table IV-10 summarizes the changes in n&fasures
return in this case.

TablelV-10: Impact of Maintenance Cost on ROI for the Baseline Scenario

Economic Maintenance Cost

Variable 3% 5% 7% 9% 11% 13%
IRR 27.45%  25.16% 22.82% 20.43% 17.96% 15.40%
NPV $292,320 $250,423 $208,525 $166,628 $124,730 $82,833
ROA 17.17%  14.94% 12.71% 10.48% 8.25% 6.02%
ROE 44.22%  39.45% 34.69% 29.92% 25.15% 20.39%

Payback Period "6Year 7"Year 7"VYear & Year 8" Year 9 Year
(Baseline maintenance cost is 5%, Sensitivity performed for Coom)Scal

Results show that there are positive returns for most of the ranges in maetena
cost. It means the measures of return are not sensitive to the maintesinééhen
maintenance cost is increased by 2%, IRR, ROA and ROE decreasesdxaaialy

2%, 2% and 5% respectively.
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I mpact of Electricity Cost-Baseline Scenario

The cost of electricity was varied by 2 cents per KW and all other baseline
assumptions were held constant. Then changes in measure of return were dalculate
Table IV-11 summarizes the changes in measures of return for the impaet of
electricity cost.

TablelV-11: Impact of Electricity Cost on ROI for the Baseline Scenario

Economic Cost of Electricity (Per KW)

Variable $0.11 $0.13 $0.15 $0.17 $0.19 $0.21
IRR 25.16% 21.08% 16.88%  12.51% 7.90% 2.93%
NPV $250,423 $179,921 $109,420 $38,919  -$31,581 -$102,082
ROA 14.94% 11.09% 7.24% 3.39% -0.46% -4.30%
ROE 39.45% 31.68% 23.90%  16.13% 8.35% 0.58%

Payback Period 7"Year 8"Year 9 "Year 10'Year >10Year >10 Year
(Baseline electricity cost is $0.11 per KW, Sensitivity performed for Comgle 5

Results show that the returns are positive up to $0.17/KW for electricity cost
Negative returns on assets and net present value are observed at eleasticify$0.19
per KW. IRR, ROA and ROE decrease by approximately 4%, 4% and 8% redpective

when the electricity cost is increased by 2 cents per KW.

Summary of Sensitivity Analysis-Basdine Scenario

The chart presented below summarizes the results of the sensitivity peatfiomm
different prices and cost factors for baseline (100% Canola) scenariohdtiavas made
by estimating the IRR when the corresponding values were changed by 1.5%drom t
baseline and keeping all other variables constant at baseline. The percentagéaadita
content is the most sensitive to the measures of internal rate of 1&R)nwhen
compared to all other factors under study. An increase in canola oil content just by 1.5%
increased IRR by almost 15%. Other sensitive factors to the measueesofare

biodiesel price, cost of producing canola, canola yield and purchased oil price. Cost of
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equipment and cost of electricity were slightly sensitive. Interesaratenaintenance

cost were not sensitive at all.

Internal Rate of Return (IRR)
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FigurelV-1: Impact of various prices and cost factorson
IRR for the baseline scenario
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Resultsfor 100% Soybean Crushed Scenario

The sensitivity analysis for the 100% soybean crushed scenario was performed by
changing the feedstock used to 100% soybean in the feasibility template amd) kedlepi
other variables as in the baseline scenario. The scale of the equipmenttodbeset
cooperative scale which is assumed to be the baseline equipment scale for all the
sensitivity. The biodiesel price was assumed to be $3.50/gallon, the price of additional
purchased oil was assumed to be $1.80/gallon and the soybean yield was assumed to be
1272 Ibs/acre. The oilseed crusher was operated 10 hours per day and the biodiesel
processor was operated 8 hours per day. Both the oilseed crusher and the biodiesel
processors were operated for 300 days per year. Target biodiesel production was 250,800
gallon per year and 4481.13 acres of land were required to keep the crushing unit at full
capacity. The crushing operation produced 104,346 gal of oil and 146,454 gal of
additional oil was purchased. A higher proportion of oil was required to be purchased
relative to the 100% canola scenario because soybeans have less than half of the oi
content of canola. The results for this scenario are presented in the table below:

TablelV-12: Measures of Return at baselinefor the 100% Soybean Scenario

Economic Variable Values at Basdline
IRR Neg
NPV -$8,659,498
ROA -471.35%
ROE -943.56%
Payback Period >10 Year

The results of this scenario show that the 100% soybean scenario has
unacceptable negative returns at baseline values and assumptions. This is because

soybean has less oil content and therefore produces less oil because of wigetsanhar
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of money is spent on purchasing additional oil (more than half of its production) to
operate the biodiesel processor in its fullest capacity.

Four different sensitivity analyses were performed for this scenarionigeet of
biodiesel price, the impact of additional purchased oil price, the impact of soylleéh
and the impact of soybean meal was performed by varying the correspondirsgaralue
calculating the changes in measures of return. The details of thevegremalysis are

presented below.

I mpact of Biodiesal Price-100% Soybean

The impact of changes in the price (or on-farm value) of biodiesel on return on
investment for the integrated crushing and biodiesel processing operatiocelcetated
by systematically varying the prices of the biodiesel by 5 cents/gallenients while
holding all other baseline assumptions constant. Table IV-13 summarizes thesahange
measures of return when biodiesel prices are allowed to vary for this scenari

TablelV-13: Impact of Biodiesel Priceon ROI for 100 % Soybean Scenario
Biodiesel Price
$3.40 $3.45 $3.50 $3.55 $3.60 $3.65

Economic Variable

IRR Neg Neg Neg Neg Neg Neg
NPV -$8,827,448$8,744,733-$8,659,498-$8,575,504$8,499,510-$8,419,516
ROA -480% -476%  -471.35%  -466% -462% -458%
ROE -962% -952% -94356%  -934% -925% -917%

Payback Period >10 Year >10Yearr1l0 Year >10Year >10Year >10 Year
(Baseline biodiesel price is $3.50 per gallon, Sensitivity performe@dop. Scale)

Results indicate that there are unacceptable returns on investment at thest o
biodiesel prices which were significantly above the baseline biodiesel pithe price
of biodiesel required to achieve approximately 10% IRR with the 100% soybeaniscen
was $8.92 per gallon. The low yield per acre of soybeans (which is based on the OSU
enterprise budgets, 2009) and its low oil content contributed to the unfavorable return on
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investment. Since there is low oil coming from the oilseed crusher, a largéyjofnt

additional oil has to be purchased which increases the expenses for the inputs.

| mpact of Additional Purchased Oil Price-100% Soybean

The price of additional purchased oil was allowed to vary by 15 cents per gallon
increments and all other baseline assumptions were held constant. Table 1V-14
summarizes the measures of return for this case.

TablelV-14: Impact of Purchased Oil Price on ROI for 100 % Soybean Scenario

Economic Purchased Oil Price

Variable $1.35 $1.5 $1.65 $1.8 $1.95 $2.1
IRR Neg Neg Neg Neg Neg Neg
NPV -$5,464,374 -$6,529,415 -$7,594,457-$8,659,498 -$9,724,540 -$10,789,581
ROA -296% -355% -413%  -471.35% -529% -587%
ROE -591% -708% -826% -943.56% -1061% -1178%

Payback Period >10 Year >10 Year >10 Year >10 Year >10 Year  >10 Year
(Baseline purchased oil price is $1.8/gal or $0.23/Ib, Sensitivity peztbfar Coop. Scale)

The result indicated that there are no positive returns for a range of additional
purchased oil prices when the purchased oil prices are lowered by 15 cents. All the
economic variables are negative and the payback period is more than 10 year. fkis mea

the project will not generate sufficient cash flows to cover the projectedsege

| mpact of Soybean Yield-100% Soybean

The yield of the soybean per acre is allowed to vary by 144 Ibs/acre (10% of
baseline yield) increments while all other variables are kept constanasuraghe
changes in return. Table IV-15 summarizes the impact of changes in sojdddarog

the rate of return measures.
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TableV-15: Impact of Soybean Yield on ROI for 100 % Soybean Scenario

Economic Soybean Yield (Lbs/acre)

Variable 1144 1272 1399 1526 1653 1780
IRR Neg Neg Neg Neg Neg Neg
NPV -$9,021,673-$8,659,498 -$8,363,173-$8,116,236-$7,907,289-$7,728,192
ROA -491%  -471.35% -455% -441% -430% -420%
ROE -983%  -943.56% -911% -884% -861% -841%

Payback Period >10 Year >10Year >10 Year >10 Year >10 Year >10 Year
(Baseline soybean yield is 1272 Ibs/acre, Sensitivity peddrfor Coop. Scale)

The results indicate that the rate of return remained unacceptable evgneainso
yields 100% above the baseline level. The important factor for the unacceptaldé
return is the low oil content of soybean of just 18.7%. Under the current baselthefyiel
1272 Ibs/acre, an increment of 100% in the baseline soybean oil content had to be made
to 38.02% and at this percentage of oil content, an approximately 10% IRR would be

achieved.

| mpact of Soybean M eal-100% Soybean

The soybean meal price per ton is allowed to vary by 10% incrementd and al
other variables are kept constant at baseline value. Then measures of regurn we
calculated which are summarized in the table below.

TablelV-16: Impact of Soybean Meal on ROI for 100 % Soybean Scenario

Economic Soybean Meal ($/ton)

Variable $253.92 $282.13 $310.34 $338.56 $366.77 $394.98
IRR Neg Neg Neg Neg Neg Neg
NPV -$9,065,157 -$8,659,498 -$8,253,839 -$7,848,181-$7,442,522 -$7,036,863
ROA -493% -471.35% -449% -427% -404% -382%
ROE -988% -943.56% -898% -854% -809% -764%

Payback Period >10 Year >10 Year >10Year >10Year >10Year >10 Year
(Baseline soybean meal price is $282.13/ton, Sensitivity performed for Cad@) Sc

The results indicate that the measures of return remained unaccepteidie at
ranges of soybean meal price. Only at soybean meal price of $885 per ton,RRL0% |

was achieved.
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Resultsfor 100% Sunflower Crushed Scenario

The sensitivity for 100% sunflower crushed scenario was performed by changing
the feedstock used to 100% sunflower in the feasibility template and keeping ll othe
variables as in the baseline scenario. The scale of the equipment was setratigeope
scale, the biodiesel price was assumed to be $3.50/gallon, the price of additional
purchased oil was assumed to be $1.80/gallon and the sunflower yield was assumed to be
1500 Ibs/acre. The oilseed crusher was operated 10 hours per day and the biodiesel
processor was operated 8 hours per day. The oilseed crusher and the biodiesel processor
were operated 300 days per year. Target biodiesel production was 250,800 gallon per
year, 3,800 acres of land was required, 243,288 gal of oil was produced and 7,512 gal of
additional oil was purchased. The results for this scenario are presentethiniehe
below:

TablelV-17: Measures of Return at Basdinefor the 100% Sunflower Scenario

Economic Variable Values at Baseline
IRR 25.95%
NPV $266,173
ROA 15.77%
ROE 41.35%
Payback Period "BYear

The results at baseline values showed that for 100% sunflower, the IRR would be
25.95%, NPV would be $266,173 and the payback period would be 6 year. This means
that the 100% sunflower scenario would be profitable under baseline assumptions and
prices and the generated cash flows can cover the expenses of the project.

Three different sensitivity analyses were performed for this sceffdre impact

of biodiesel price, the impact of additional purchased oil price and the impact of
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sunflower yield was performed by varying the corresponding values and thgeeshan
measures of return were calculated. The details of the sensitiviyjgiarare presented

below.

| mpact of Biodiesd Price-100% Sunflower

The impact of biodiesel price and changes in measures of return was edltiylat
varying the biodiesel price by 5 cents/gal increments while holdingret baseline
assumptions constant. Table 1V-18 summarizes the measures of these changes.

TableV-18: Impact of Biodiesal Price on ROI for 100 % Sunflower Scenario

Economic Biodiesel Price

Variable $3.20 $3.25 $3.30 $3.35 $3.40 $3.50
IRR -5.91% 0.68% 6.44% 11.71% 16.17% 25.95%
NPV -$213,098 $133,220 -$53,341 $26,536  $98,46866,173
ROA -10.39% -6.03% -1.67% 2.69% 6.62% 15.77%
ROE -11.51% -2.70% 6.11% 14.92% 22.85%41.35%

Payback Period >10 Year >10Year >10Year >10 Yeal" Yéar 6" Year
(Baseline biodiesel price is $3.50/gal, Sensitivity performed for Cazpe 5

Results indicate that the breakeven biodiesel price per gallon is about $3.25.
When the biodiesel price per gallon is increased by 5 cents, internal raterof(eR)
increases approximately by 5%, return on assets (ROA) increasesiaygtebx by 4%
and return on equity (ROE) increases approximately by 9%. Payback period wauld sta

to fall from 10 years at biodiesel price between $3.35 and $3.40 per gallon.

| mpact of Additional Purchased Oil Price-100% Sunflower

The price of additional oil was allowed to vary by 20 cents per gallon increments
while keeping all other variables constant. Then changes in measures of return wer
calculated for each of the changes in the purchased oil prices. Table IV-12sz@sm

the changes in measures of return for this case.
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TableV-19: Impact of Purchased Oil Price on ROI for 100 % Sunflower Scenario

Economic Purchased Oil Price

Variable $1.60 $1.8 $2.0 $2.2 $2.4 $2.6
IRR 30.03% 25.95% 21.79% 17.51% 13.06% 8.37%
NPV $338,906 $266,173 $193,440 $120,706 $47,973 -$24,760
ROA 19.74% 15.77% 11.80% 7.83% 3.86% -0.11%
ROE 49.37% 41.35% 33.33% 25.31% 17.28% 9.26%

Payback Period "BYear 6" Year 7" Year 9 Year 18" Year  >10 Year
(Baseline purchased oil price is $1.80/gal or $0.2%#nsitivity performed for Coop. Scale

Results indicate that the purchased oil price is not sensitive to the measures of
return. When the purchased oil is increased by 20 cents, IRR decreasesagieipXy
4%, ROA decreases approximately by 4% and ROE decreases approxima#y b
Only when purchased oil price is $2.60 per gallon and above does net present value turn
negative and payback period exceeds 10 years. All the measures of return would be
positive when the additional purchased oil price is $2.4 per gallon and at this price the

cash flows would be sufficient to cover the projected expenses.

| mpact of Sunflower Yield-100% Sunflower

The impact of changes in sunflower yield on the return on investment was
investigated by varying sunflower yield by 75 Ibs/acre increments (3%edfaseline
yield) while keeping all other variables constant. Table 1V-20 summaheamneasure of

these changes.

TablelV-20: Impact of Sunflower Yield on ROI for the 100 % Sunflower Scenario

Economic Sunflower Yield (Lbs/acre)

Variable 1350 1425 1500 1575 1650 1725
IRR -2.09 13.67%  25.95% 36.51% 45.92% 54.45%
NPV -$172,580 $58,342 $266,173 $454,209 $625,152 $781,230
ROA -8.23% 4.40% 15.77% 26.06% 35.42% 43.96%
ROE -6.67% 18.60%  41.35% 61.92% 80.63% 97.71%

Payback Period  >10 Year "0ear 6"Year 5"Year 4"Year 3 Year
(Baseline sunflower yield is 1500 Ibs/acre, Sensitivity performed for Caafe)S
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The results indicate that the breakeven yield of sunflower is between 135@bs/ac
and 1425 Ibs/acre and yields of sunflower are very sensitive to the measuramoet
increase in yield per acre by 5% increases the IRR approximately byRI256,
approximately by 10% and ROE approximately by 21%. Any yield at baseline and above
would give positive returns. A yield of 1405 Ibs/acre would be required to obtain an IRR

of approximately 10%.

Resultsfor 50 % Soybean and 50% Canola Crushed Scenario

In this scenario, the feedstocks used are changed to 50% soybean and 50% canola
in the feasibility template and all other assumptions were kept as in thméaseario.
Total target biodiesel production was 250,800 gallons per year. Total acred of la
estimated for this production was 3,665 acres for both soybean and canola. An estimated
165,686 gallon of oil was produced and an estimated 85,114 gallon of additional oil was
purchased. The sensitivity for the impact of different biodiesel prices anahplaeti of
different additional purchased oil price was performed in this case. The festittis
scenario are presented in the table below:

TablelV-21: Measures of Return at baseline for the 50% Soybean and 50% Canola
Scenario

Economic Variable Values at Basdline
IRR Neg
NPV $4,201,784
ROA -228.06%
ROE -451.75%
Payback Period >10 Year

The results of this scenario show that the 50%-50% combination of soybean and

canola has unacceptable negative returns at baseline values and assumptians. This
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because soybean has less oil content and therefore produces less oil becausesof whic
large sum of money is spent on purchasing additional oil (about 25% of the total
requirement) to operate the biodiesel processor in its fullest capacity.

Two different sensitivity analyses were performed for this scenarioinjpect of
biodiesel price and the impact of additional purchased oil price were performed by
varying the corresponding values and the changes in measures of retucaladeted.

The details of the sensitivity analysis are presented below.

| mpact of Biodiesal Price-50% Soybean and 50% Canola

In this case, the price of biodiesel was varied by 5 cents/gallon increments
keeping all other baseline assumptions constant. Then changes in measures of return we
calculated which are summarized in Table IV-22 below.

TablelV-22: Impact of Biodiesel Priceon ROI for 50 % Soybean and 50% Canola
Scenario

Economic Biodiesel Price

Variable $3.40 $3.45 $3.50 $3.55 $3.60 $3.65
IRR Neg Neg Neg Neg Neg Neg
NPV -$4,369,491 -$4,286,896 -$4,201,784 -$4,117,912-$4,042,027-$3,962,148
ROA -237% -232%  -228.06% -223% -219% -214%
ROE -470% -461%  -451.75% -442% -434% -425%

Payback Period  >10 Year >10 Year>10 Year >10Year >10 Year >10 Year
(Baseline biodiesel price is $3.50/gal, Sensitivity performed for Coge)Sc

The results indicated unacceptable return on investment at different cdnges
biodiesel price. There was an unacceptable return even when the price of bpmtiese
gallon was increased to $3.65 which is 15 cents over the baseline price. To generate
approximately 10% IRR, the price of biodiesel per gallon had to be set at $6.13. The

negative returns in this case were the result of the low oil content of soybeas land i
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yield tending to less oil produced from the oilseed crusher and requiringeaslam of

money for purchasing additional oil to run the biodiesel processor in its ftalpatity.

| mpact of Additional Purchased Oil Price-50% Soybean and 50% Canola

The price of the additional purchased oil was allowed to vary by 15 cents per
gallon increments and all other baseline assumptions were kept constant. Then the
changes in measures of return were calculated (Table IV-23).

TablelV-23: Impact of Purchased Oil Price on ROI for 50% Soybean and 50%
Canola Scenario

Economic Purchased Oil Price

Variable $15 $1.65 $1.8 $1.95 $2.10 $2.25
IRR Neg Neg Neg Neg Neg Neg
NPV -$2,965,648 -$3,583,716 -$4,201,784 -$4,819,852 -$5,438,410 -$6,057,372
ROA -160% -194%  -228.06% -261% -295% -329%
ROE -315% -383%  -451.75% -519% -588% -656%

Payback Period >10Year >10Year>10 Year >10 Year >10 Year >10 Year
(Baseline purchased oil price is $1.80/gal or $0.2%#nsitivity performed for Coop. Scale

No positive returns were observed, when the price of additional purchased oil was
changed by 15 cents per gallon. All the economic variables were negative and the

payback period was more than 10 years for a wide range of purchased sil price

Resultsfor 50% Canola and 50 % Sunflower Crushed Scenario

In this scenario, the feedstock used was changed to 50% canola and 50%
sunflower in the feasibility template and all other baseline assumptioesheler
constant. The target biodiesel production was 250,800 gallon per year. An estimated
3,325 acres of combined land for canola and sunflower was required, 235,157 gallon of

estimated oil was produced and 15,643 gallon of estimated additional oil was purchased.
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The sensitivity for the impact of different biodiesel prices and the impact efetitf
additional purchased oil prices was performed in this case. The resulis fecegnario
are presented in the table below.

TablelV-24: Measures of Return at baselinefor the 50% Canola and 50%
Sunflower Scenario

Economic Variable Values at Basdline
IRR 25.56%
NPV $258,298
ROA 15.36%
ROE 40.40%
Payback Period "7Year

There were significant positive returns for the 50% canola and 50% sunflower
scenario and the project appeared profitable. The results at baselindwatbess
scenario show that the IRR would be 25.56%, NPV would be $258,298 and the payback
period would be 7 year. This means that the combination of 50% canola and 50%
sunflower would provide an acceptable return under baseline assumptions andhprices a
the generated cash flows can cover the expenses of the project.

Two different sensitivity analyses were performed for this scenarioinjpect of
biodiesel price and the impact of additional purchased oil price were performed by
varying the corresponding values and the changes in measures of retucaladeted.

The details of the sensitivity analysis are presented below.

| mpact of Biodiesd Price-50% Canola and 50% Sunflower

The impact of biodiesel price in this case was performed by varying theoprice
biodiesel by 5 cents per gallon increments while holding all other baselumaEtgmns

constant. Then changes in measures of return were calculated (Table IV-25)
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TableV-25: Impact of Biodiesel Price on ROI for 50 % Canola and 50% Sunflower
Scenario

Biodiesel Price
$3.20 $3.25 $3.30 $3.35 $3.40 $3.50

Economic Variable

IRR -6.74% 0.02% 5.88% 11.21%  15.71%25.56%
NPV -$220,973 -$141,095 -$61,216 $18,662  $90,5%258,298
ROA -10.81% -6.45% -2.09% 2.28% 6.20% 15.36%
ROE -12.45% -3.65% 5.16% 13.97%  21.90%40.40%

Payback Period ~ >10 Year  >10 Year >10 Year "Y68ar ¢ Year 7" Year
(Baseline biodiesel price is $3.50/gal, Sensitivity performed for Coge)Sc

Results indicate that the breakeven price of biodiesel is about $3.25. When the
biodiesel price is increased by 5 cents, IRR increases approximatedy, ;30A
increases approximately by 4% and ROE increases approximately byh8%ayback

period would start to fall at biodiesel price of $3.30 per gallon and above.

| mpact of Additional Purchased Oil Price-50% Canola and 50% Sunflower

The price of the additional oil was allowed to vary by 15 cents per gallon
increments while keeping all other variables constant at baseline. TaB&gkésented
below shows the changes in sensitivity measures for each of the differerdreadditi
purchased oil prices for this scenario.

TablelV-26: Impact of Purchased Oil Price on ROI for 50 % Canola and 50%
Sunflower Scenario

Economic Purchased Oil Price

Variable $1.65 $1.80 $1.95 $2.10 $2.25 $2.40
IRR 31.92%  25.56% 18.97% 12.01% 4.38% -4.50%
NPV $371,889 $258,298 $144,706 $31,114 -$82,477 -$196,069
ROA 21.56%  15.36% 9.16% 2.95% -3.25% -9.45%
ROE 52.93%  40.40% 27.87% 15.35% 2.82% -9.71%

Payback Period "5Year 7"Year 8"Year 10 Year >10 Year  >10 Year
(Baseline purchased oil price is $1.80/gal or $0.23&hsitivity performed for Coop. Scale

Results indicate that the breakeven price of additional purchased oil is hetwee

$2.25 and $2.40 per gallon. A $0.15 decrease in the price of additional oil results in
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approximately 7% increase in the IRR, approximately 6% increase in ROA a
approximately 13% increase in ROE. The payback period would be more than 10 years
and returns would be negative when the additional purchased oil price exceeds $2.40 per
gallon. The breakeven price for purchasing additional oil would be between $2.25 and

$2.40. At that price level for additional oil the IRR would be 0%.
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CHAPTER YV

CONCLUSION

Large quantities of diesel fuels are used by farmers for operating diffare
equipment and machinery in the field. The high price volatility of diesel f@el is
significant source of risk for agricultural producers. Biodiesel appearsaonebef the
viable options to combat any rise in the price of diesel fuel. It can be producedon-fa
and used on-farm. Despite these advantages producers have difficulty deigrmini
whether the potential financial benefits from the on-farm biodiesel prosguatitweigh
the investment and operating costs. This research was conducted to project tha financ
feasibility of biodiesel production on-farm from oilseed crops. Canola, soybean and
sunflower were considered as the major feedstock used in the biodiesel production.

An oilseed crusher and a biodiesel processor were assumed to be housed on-farm.
Three different equipment sizes were considered. In each case, the bpdiesssor
was assumed to be operated at full capacity and was matched with the most dppropria
scale of oilseed crushing equipment. Surplus or deficit oil supplies wereegssuire
sold or purchased, respectively. The feasibility analysis was pe&ddion five different
scenarios, three for each of the crops, one for the combination of canola and sagbean a
other for the combination of canola and sunflower. The 100% canola crushed scenario

was assumed to be the baseline scenario. An MS Excel based feasibiligt¢éangd
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constructed to perform the feasibility analysis. The template was usgulitdhe basic
financing information, prices of the inputs and outputs, details of the equipments and to

project the cost and returns for a ten year period.

Specific Conclusions

The first objective of this research was to analyze cost and returns ofiaéase
scenario which involved processing canola, the second objective was to perform simila
analysis for scenarios involving other oilseed feedstocks and the third objeative w
determine the sensitivity of the profitability of the on-farm biodiesel prbolu facility to
the scale of operation and changes in prices for various input and output factors. The
previously described feasibility template constructed in MS Excel vektasdetermine
the objectives mentioned above. The template proved to be very helpful in projecting the
costs and returns of the processing facilities.

Among the 100% scenarios, the baseline (100% canola) scenario appeared to be
the most attractive. Under baseline assumptions, the return on investment foripgocess
canola was only slightly below that of sunflower. Canola is a winter annual and is
therefore easier to fit into a rotation with winter wheat which is Oklahoma’sndormi
crop. For producers who can fit a summer crop into their rotation, processing sunflower
was also shown to have an acceptable return on investment with returns slightly
exceeding those of canola. At the baseline biodiesel price, the IRR for the 400k c
scenario was 25.16% and the IRR for the 100% sunflower scenario was 25.95%. The

least profitable scenario was the 100% soybean scenario which had unacceptable
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negative returns over a wide range of biodiesel priéesong the combined 50% winter

and 50% summer crop scenarios, the resullisated that a combination of canola and
sunflower could provide acceptable returns but the returns from processing a canola and
soybean mix was unacceptable. Processing a combination of a summer and lsegdr oi
crop would provide diversification and reduce the need for oilseed storages0%

canola and 50% sunflower scenario had positive returns at a biodiesel price of $3.35 per
gallon and above while 50% canola and 50% soybean had unacceptable negative returns
over a wide range of biodiesel prices. The negative returns in the 100% so\dresiosc

and negative returns in 50% canola-50% soybean scenatrio is because of the low oil
content of soybean compared to other crops. Because of the lower oil content, large
guantities of additional oil have to be purchased to operate the biodiesel processor in its
fullest capacity. Under the baseline assumption of $1.80/gallon for outside oil purchased,
sourcing the outside feedstock decreased the return on investment of the project. So, t
summarize, 100% canola scenario, 100% sunflower scenario and 50% canola-50%
sunflower scenario appear profitable under baseline assumptions andHiceser,

when the breakeven prices of $3.20-$3.30 per gallon for these scenarios are compared
with the current biodiesel price of $3.08 per gallon (U.S. Department of Energy, Jul
2009), all the measures of return turn negative and the investment does not look
profitable. The breakeven prices for these scenarios are not economicgistitioe

with the current biodiesel price and therefore the investments are not ecaltypmi

feasible unless producers anticipate an increase in the biodiesehghedfuture. On the

other hand, the 100% soybean scenario and the 50% canola-50% soybean scenario appear
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least feasible under baseline assumptions as they had unacceptable nelgatis@ver
a wide range of input factors under study.

To determine how sensitive the return on investment of the baseline (100%
canola) scenario was to other cost factors, ten different sensitivijysesavere
performed. The result showed that the returns are highly sensitive to the ailt @dnte
canola. When the canola oil content is increased by 0.2%, IRR increasesichbyrby
6%. It should be noted that the oil content is not affected by the oilseed crushing
equipment but is likely impacted by crop genetics and production practices. Sintilarl
measures of return were sensitive to the canola yield, total cost of productirggaa
oil price, total cost of equipment and electricity cost. There was an seciredRR by
10% when canola yield was increased by 5%. IRR turned negative when the todl cost
producing canola was increased by 15% of the baseline estimated cost of producti
Similarly, when purchased oil price was increased by 10 cents per gallodetiRéased
approximately by 7%. When the total cost of equipment was increased by 2%, IR
decreased approximately by 2% and when the electricity cost waased by 2 cents
per KW, IRR decreased approximately by 4%.

The scale of the processing equipment also had a major impact on the return on
investment. In order to separate the effect of equipment scale fromebeatfbutside
oil purchases, the oil produced to oil purchased was set to 9:1 with 90% produced oil and
10% purchased oil. The working capital for the small scale operationdjuesdea just to
2% of annual sales with no extra amount while the working capital for medium and small
scale had $100,000 extra amount beside 2% of annual sales. This was done because the

working capital of the small scale would be lower since the feedstocks ardqardrom
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the on-farm crop production while for the other two scales the feedstocks areaequir
from the members. The results showed that there were significant negaiives for

both the small and medium scale and only the cooperative scale enjoyed positnse ret
While the returns on investment were negative in both cases, returns for thecsieall
equipment complement were slightly higher than the medium scale. Becdhse of
economies of scale, producers considering on-farm oilseed and biodiesel production
might be best served by combining operations in a small scale formal or ihforma
cooperative. The other variables or factors examined for sensitivitytarest rates
(short term and long term) and maintenance cost. The return on investment was not
sensitive to these cost factors. There were positive returns at intézegsteort term and
long term) of 23.5%. So, it is not very sensitive. Similarly, the IRR was 15.4%land a
other measures of return were positive even when the maintenance cost wakid3% w
is an increment of 8% above the baseline.

Four different sensitivity analyses were performed for 100% soybean iscandr
three different sensitivity analyses were performed for 100% sunflowernrsxerize
sensitivity for 100% soybean scenario showed that all the returns werevaeuati
unacceptable for a wide range of biodiesel prices, additional purchased @] price
soybean meal prices and a wide range of soybean yield. This is mainhaskaath
the low oil content of the soybean which is almost half compared to the oil content of
canola and sunflower. To achieve a 10% IRR, the biodiesel price had to be set at $8.92
per gallon or the oil content had to be increased to 38.02%. The 100% sunflower scenario
showed better performance compared to the 100% soybean scenario. All the snefasure

return were positive at the baseline level. The results showed that it wasdagskitive
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to the sunflower yield and some to the purchased oil price. When the sunflower ygeld wa
increased just by 5%, IRR increased approximately by 12%. Similarly, \when t
purchased oil price was increased by 20 cents per gallon, IRR decreased agpipxim

by 4%.

Two different sensitivity measures were performed each for the 50%-50%
scenarios. There were unacceptable negative returns for the 50% canolayb@gms
scenario. For the 50% canola- 50% sunflower scenario, both the biodiesel price and the
purchased oil price were sensitive to the measures of return. IRR incbgased
approximately 5% when the biodiesel price was increased by 5 cents paragall IRR
decreased by approximately 7% when the purchased oil price was incrgd$eddmts
per gallon. So, both the biodiesel price and the purchased oil price are sensitive to the
measures of return for 50% canola-50% sunflower scenario.

At the baseline assumptions, the 100% sunflower crushed scenario followed by
combination of 50% canola-50% sunflower scenario and then 100% canola scenario
appears to be the most attractive scenario of all the scenarios. Therbigh®s in case
of 100% sunflower scenario are because of two factors - its high oil contenatestsoc
with low production cost per acre. If the yield or oil content of any oilseed cropeca
increased, or if the cost of production per acre can be lowered, there vighbieant
changes in the measures of return and any scenario can be more profitablethar.

Since both canola and sunflower oil are used for food grade products, producersomay als
want to consider their opportunity costs for these alternative markets. Thesbb&an
crushed scenario and its combination with canola did not perform better because its oi

content was very low compared to the other two crops. With the current oil content, the

75



returns would not be positive even if the yield is increased by 100% or the cost of
production per acre is lowered significantly. In order to make the 100% soytsraarie

a profitable venture, oil content would have to be doubled or meal co-product value
would have to increase dramatically. The $3.20-$3.30 breakeven biodiesel price pe
gallon for baseline (100% canola) scenario seems to be close enough withieghe cur
nationwide average biodiesel price of $3.08 per gallon for B100 (100% Biodiesel). For
on-farm production on a smaller scale, this price is a reasonable prieen@rs to use it
on-farm for farm purposes or use it as a fuel additive.

In conclusion, this research has shown that canola, sunflower or combination of
either of these two would be the preferred feedstocks for on-farm biodiesel pradaicti
baseline assumptions and based on the Oklahoma State University’s EntardgseesB
for crop production cost per acre and yield. But since the breakeven prices are
competitive with the current biodiesel price, none of the scenarios arensically
feasible. The on-farm processing of soybean and its combination with canslaadoe
appear economically feasible even at baseline assumptions. The return on imvestme
an on-farm crushing and biodiesel operation for canola is sensitive td toateint,
price of biodiesel, yield of the crop, cost of production, purchased oil price and the scale
of the equipment. Producers interested in on-farm oilseed and biodiesel produchibn mig
be best served by combining operations in a small scale formal or informal ¢iv@pera
because of the economies of scale and they should also consider the cost of outside
feedstock. Access to a low priced feedstock such as used cooking oil or aninwalltht w
improve the return on investment. Purchasing higher priced oil feedstocks to keep the

biodiesel processor operating at full capacity reduces the project retiraseldtive
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cost of outside oil purchases also highlights the need to match the capacities of the

oilseed crushing and biodiesel equipment.

Limitations and Recommendations for Future Research

The feasibility template created for this study purpose has opened up an avenue
for detailed financial analysis for on-farm biodiesel production using camglaean and
sunflower. Several input and output prices, and other required assumptions were made to
project the different economic variables. Most of the data used were histiatiaal/hich
were averaged over a range of time periods. As the grain and oilseectpangs over
time the results of this study may not be suitable to reflect the econoniefoext 2-3
years. Furthermore, the results of this study are highly dependent on sastenal, inost
important being the oil content, yield of the crop, cost of crop production, biodiesel price,
additional oil price and capacity of the equipment. So, with changes in these and other
factors results will differ.

During the course of the study, it was very hard to find an exact match for the
processing capacities of the oilseed crusher and the biodiesel processom8pthet
capacity of the oilseed crusher would be high and sometime the capacity of theebiodies
processor would be low and vice-versa. Therefore, an exact complement was imard to f
to match both. Producers investing in on-farm biodiesel processing facilitywadst
hard to find an exact match for the processing capacities of the oilseed amnliee
biodiesel processor. Similarly, an accurate cost of the biodiesel procedgbea

accurate cost of the oilseed crusher were also hard to determine. Isavhard to
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estimate the utilities cost for the biodiesel processor and the oilsebércidere
information from the operating plant manufacturers can improve these estimate
Based on the results of the study, on-farm or small scale cooperatiesginoc
feedstocks with higher oil content, high yielding crops and lower crop productibn cos
can be economically feasible and is recommended. Choice can be made for those
varieties which yield high and provide a large percentage of oil. Only onéaddipaid
operator and input from farm managers for the processing operation wagdssum
Therefore, an impact of the actual labor requirements for the on-farmesging
operations or an integration of labor into the processing plant could be a good point of

investigation for further research and is recommended.
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