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Executive Summary

This research effort with the National Cottonseed Products Association & the Texas Cottonseed Crushers’ Association, in collaboration with PYCO Industries, Inc., is to investigate the costs of manufacturing cottonseed oil based biodiesel.  A complex cost model has been developed to determine multiple financial characteristics of using cottonseed oil as a primary feedstock for biodiesel production.  An executive summary of the cost model provides pertinent information which includes, total sales revenue, total annual manufacturing& logistics cost, manufacturing & logistics cost/gallon, total annual recovery cost, total capital investment, total annual labor cost, total annual raw material cost, total annual material handling cost, total annual utilities cost, and total annual miscellaneous costs associated with the production of cottonseed oil based biodiesel.  A summary of the labor and energy costs by process is included as well.
The first cost model (Full Model) assumes that a biodiesel production facility must be constructed from the ground up, therefore, capital investment costs associated with the construction of a new plant facility are considered.  An additional model (Special Oils) has been created to assume that the plant facility is already in place and there is no add-on capital cost of building a new facility.  The biodiesel facility has the ability to blend in other oils in the biodiesel production process.  Small cottonseed crushing operations with a production facility already in place can blend in various different oil types to produce the most cost efficient biodiesel.
COST MODELING OF COTTONSEED OIL BASED BIODIESEL

1.
Introduction

U.S. dependency on foreign oil supplies has increased with no real relief in sight for the near future.  According to the Bureau of Transportation Statistics in 1960 the U.S. consumption of diesel fuel for transit highway use was 222 million gallons, which has grown to 768 million gallons in 2002.  An additional 4068 million gallons is consumed in rail transportation annually.  Alternative fuels such as agricultural based biodiesel could improve the situation from both economical and environmental stand points while not threatening the traditional product’s market share. 

Biodiesel is nontoxic, biodegradable, sulfur free and clean burning.  It is considered to be a safe alternative fuel that has similar characteristics to traditional petroleum-based diesel fuel.  Biodiesel can be formulated from any type of vegetable oil or used cooking oils.  Biodiesel has an average Btu/lb rating of 17,000, depending on vegetable oil, vs. 19,340 Btu/lb for petroleum based diesel.  This translates in little change in engine performance (torque and horsepower).  Biodiesel is comprised of long chains of fatty acids (methyl-esters or ethyl-esters) that are oxygenated, which results in a higher flash point than that of conventional diesel.  With a high flash point, biodiesel is safer to transport, and handle.  

There has been much research on the economic feasibility of vegetable oils as a feed stock for biodiesel.  To name a very few are the work by Ahousissoussi et.al. (1997), Bender, (1999), Knothe et. al (2005), Mittelbach (1996), Raneses et.al. (1999), Sonnino (1994), Dyne et.al. (1996).  The general theme among these selected research studies indicates that there is a threshold of economic opportunity for the use of vegetable oils as a primary ingredient in bio-fuels.  This research expanded on these research findings with a focused application on the use of cottonseed oil.  In the past, edible-grade cottonseed oil held such a premium price and above average demand that the feasibility or cost/benefit was easy to calculate, and it was not a viable option.  However, with recent events in the fuel cost an agricultural-based cottonseed biodiesel needs to be investigated.

It is estimated that there are approximately 790 lbs of seed per bale of cotton of which 44-46 gallons unrefined oil can be extracted per ton of cottonseed.  According to the USDA, a total of 6.446 million tons of cottonseed was produced in 2003.  Approximately 148.3 million gallons of biodiesel can be produced with only 50% of the total cottonseed.  Cottonseed oil biodiesel could have the potential to create a more competitive oil market for producers, ginners, and oil mills.  Moreover, creating such a product would help to reduce our dependency on foreign oil and utilize a renewable resource that is currently in production.

2.
Research Objectives

The objective of this project is to create a representative cost model that can be used in later work to explore the cost feasibility of creating a biodiesel operation utilizing cottonseed oil from marketing, logistics, and manufacturing aspects. This will be accomplished by addressing the three key components in the following ways:

A.
Market Related:

· Determine inventory and production requirements for both raw material and finished product to meet economic requirements. This will be accomplished through cost system analysis as well as simulation modeling.

· Establish capabilities to model manufacturing per unit cost ($ per gallon) through cost system analysis and modeling tools.

B.
Logistics:

· Determine the economic cost associated with transportation for the raw materials. This will be accomplished through cost system analysis and simulation modeling based on current freight rates. Sensitivity to freight cost and mode of transportation availability will be examined. The logistics and supply chain analysis utilized the Center for Engineering, Logistics, and Distribution (CELDI) program at Texas Tech University.

C.
Manufacturing:

· The oil mill process was examined to determine the most economical processing to produce a cottonseed oil that meets the requirements for biodiesel as compared to their current product lines. 

· A comprehensive cost system was developed that can be used to determine machine and labor compliments required. It was also used to examine economic sensitivity issues such as: sensitivity to raw material availability, capital equipment cost, productivity, transportation cost, labor cost, selling price, and the effect on oil mill by-products when producing biodiesel, etc.

3.
Methods

A Cost Model of this type of project is complex and includes several interdependent variables.  The evaluation and analysis of the different variables has been divided into five different project tasks.  A description of each one of the tasks to be performed during the Phase I of the project is presented below:

Task 1. Procurement of Production Specifications
Establish model with the capabilities to estimate oil mill manufacturing requirements for producing a cottonseed oil based biodiesel.

The model should improve the capability to perform a comprehensive analysis of the cottonseed oil mill manufacturing process as it relates to biodiesel and the processing of co-products such as cottonseed cake, glycerin, glycerin bottoms, soluble potash and soaps.  

Task 2. Determine raw material availability

The information that will be obtained and compared for estimating purposes will be units of raw material required, unit cost and the quality criteria for acceptance.  Information on location of the available raw material sources will also be included. 

Task 3. Determine desired or required biodiesel production capacity.

The model will allow the exploration of varied production rates taking into consideration capital cost, labor cost, raw material cost, transportation cost, product demand timeframe, and overhead cost. 

Task 4. Determine logistical requirements.

Transportation costs are critical to the total cost of the product.  The model will be used to model estimated transportation cost and used to perform sensitive analysis to a change in hauling cost.  

Task 5. Develop comprehensive cost system for proposed biodiesel operation.

The cost system for this type of project will be complex with many interdependent variables.  The project was approached from the standpoint of whether or not it was worthy of capital investment

4.
Analysis and Results
Two basic software tools were utilized for developing the cost model, Microsoft Excel and Crystal Ball 2000 (Decisioneering, Denver, CO).  The spreadsheet included linked organized data and formulas that were necessary to complete the model.  Crystal Ball 2000 was used as the simulation software and it was applied to assign statistical distributions to the independent variables and prediction variables for decision analysis and forecasting. A free examination copy of Crystal Ball is available at: http://www.decisioneering.com/, under menu topic “Products”.  The attached model can only be opened if Crystal Ball is opened first. The general appearance will be as an Excel worksheets with a Crystal Ball menu line added. 

The developed model includes several key and interdependent elements such as: production capacity, raw material availability, in-plant trucking, storage, operation cost, revenue, depreciation, labor, utilities, capital investment, and overhead cost. Each element of the model will be briefly discussed in the following:

When appropriate, Crystal Ball analysis was used to apply a distribution to a variable to improve the predictive properties of the model. This was denoted by a “CB” designation after an item. Listings of the distributions utilized are contained in Table 1.

It should be noted that the examples used the following sections were populated with estimated values. Therefore, no specific inference should be taken on the values. The model took into consideration that each operation will be specific and the values utilized will not be appropriate for all locations and end users. 

Table 1. Statistical Characteristics of the Cost Model Variables
	Variable
	Distribution
	Units
	Distribution Parameters
	Range

	Methanol cost/gallon
	Triangular
	$/gal
	Min. = $1.50; Max. = $3.00;

Likeliest = $2.25
	

	Biodiesel(gal.) per ton of cottonseed
	Normal
	Gal.
	Mean = 42; Std. Dev. = 2
	42 - 44

	Cottonseed cost/ton
	Triangular
	$
	Min. = $100; Max. = $170

Likeliest = $157.50
	

	Hauling distance from farm
	Normal
	Miles
	Mean = 250; Std. Dev. = 10
	240 -270

	Average truck distance used per year
	Normal
	Miles
	Mean = 500; Std. Dev. = 50
	450 -550

	Natural Gas Used
	Normal
	MMBTU
	Mean = 439,719; 

Std. Dev. = 5000
	435,000 – 445,000

	Natural Gas Contract Amt.
	Triangular
	$
	Min. = $4.23; Max. = $5.89

Likeliest = $5,03
	

	Cotton meal amt. produced/year
	Triangular
	Gal.
	Min. = .04; Max. = .08

Likeliest = .06
	

	Cotton meal recovery cost/unit
	Normal
	$
	Mean = $.10; 

Std. Dev. = $.01 
	

	Seed Hull amt. produced/year
	Triangular
	Gal.
	Min. = .04; Max. = .08

Likeliest = .06 
	

	Seed Hull recovery cost/unit
	Normal
	$
	Mean = $.10; 

Std. Dev. = $.01 
	

	Linters amt. produced/year
	Triangular
	Gal.
	Min. = .04; Max. = .08

Likeliest = .06
	

	Linters recovery cost/unit
	Normal
	$
	Mean = $.10; 

Std. Dev. = $.01 
	

	Tax incentive recovery cost/unit
	Normal
	$
	Mean = $.48; 

Std. Dev = $.10
	$.38 - $.58


A.
Executive Summary Sheet
The executive summary section of the model gives an estimate of the annual revenues and costs associated with the production of a specific amount of biodiesel. The executive summary section includes:

· Total Annual Sales Revenue

· Total Annual Manufacturing & Logistics Cost

· Manufacturing & Logistics cost per gallon of BD

· Total Annual Recovery Cost

· Total Capital Investment

· Total Annual Labor Cost

· Total Annual Raw Material Cost

· Total Annual Material Handling Cost

· Total Annual Utilities Cost

· Total Annual Miscellaneous Cost

Within each section, there is a breakdown on how the annual cost or revenue is accumulated.  For a more in depth look, each part was broken down into its own section along with its associated costs and revenues.  The numbers in the table below are associated with a 10,000,000 gallon biodiesel production plant. The following tables are examples of the type of information contained in the Executive Summary section. Table 2 summarizes the many cost centers with a calculated cost of producing a gallon of biodiesel with the entered parameters. 

Table 2: Summary Section for the Biodiesel Cost Model a Texas Tech Student Organization deposits $2000 each year into an account that earns interest at a rate of 8.0% compounded quarterly.  What is the amount in the account at the end of 5 years if after the first year you increase each following year by $50
	 
	Yearly Production Capacity of BD (gallon)
	
	10,000,000

	 
	Total Annual Sale Revenue
	
	$34,500,000.00

	 
	Total Annual Recovery Cost
	
	$5,268,343.92

	 
	Total Capital Investment Cost
	
	$9,229,860.00

	 
	Total Annual Manufacturing & Logistics Cost
	
	$44,545,873.13

	 
	- Total Annual Fixed Cost
	
	$3,581,146.66

	 
	- Total Annual Variable Cost
	
	$40,964,726.47

	 
	Manufacturing & Logistics Cost per Gallon of BD
	
	$4.45


After the summary section the model is broken down into individual cost and revenue generators. These sections are illustrated with tables 3 and 4.  

Table 3.  Recovery Costs
	Production Capacity

	 
	Yearly Production Capacity of BD (gallon)
	
	10,000,000

	 
	Sale Price per Gallon 
	
	$3.45

	Total Annual Sale Revenue 
	$34,500,000.00

	 
	
	
	

	Recovery Cost

	 
	Total Annual Recovery Cost of Cotton meal (cake)
	
	$10,515.64

	 
	- Amount Produced (Ton) per Ton of  Cottonseed
	
	16,748.17

	 
	- Recovery Cost per Ton
	
	$0.63

	 
	Total Annual Recovery Cost of Seed hulls
	
	$5,457.71

	 
	- Amount Produced (Ton) per Ton of Cottonseed
	
	11,313.91

	 
	- Recovery Cost per Ton
	
	$0.48

	 
	Total Annual Recovery Cost of Linters
	
	$7,562.37

	 
	- Amount Produced (Ton) per Ton of Cottonseed
	
	17,180.36

	 
	- Recovery Cost per Ton
	
	$0.44

	 
	Total Annual Recovery Cost of Tax incentives
	
	$5,244,808.20

	 
	Tax Incentives Cost per Gallon of BD
	
	$0.52

	Total Annual Recovery Cost
	$5,268,343.92

	 
	
	
	

	Capital Investment

	 
	Total Building Investment Cost 
	$150,000.00

	 
	Total Machinery Investment Cost 
	$9,079,860.00

	Total Capital Investment 
	$9,229,860.00


	Labor Cost

	 
	Total Annual Direct Labor Cost 
	$407,040.00

	 
	
	-  Total Cost per Day of Shift I - Day Shift
	$768.00

	 
	
	-  Total Cost per Day of Shift II - Night Shift
	$1,743.40

	 
	Total Annual Indirect Labor Cost 
	$924,000.00

	 
	
	-  Total Cost per Day of Shift I - Day Shift
	$768.00

	 
	
	-  Total Cost per Day of Shift II - Night Shift
	$1,743.40

	Total Annual Labor Cost
	$1,331,040.00


Table 4.  Raw Material
	Raw Material Cost

	
	1. Total Annual Cottonseed & Hauling Cost
	$40,414,782.67

	
	
	Yearly Cottonseed Required (Ton)
	258,767.07

	
	
	Cottonseed Cost per Ton 
	$157.50

	
	
	Total Annual Hauling Cost 
	$4,162,858.87

	
	2. Total Annual Solvent Extraction Cost 
	$20,000.00

	
	3. Total Annual Methanol Cost 
	$4,500,000.00

	Total Annual Raw Material Cost 
	$44,934,782.67

	In-Plant Material Handling

	
	No. of In-Plant Trucks
	
	
	20

	
	1. Total Annual Fixed Cost 
	$3,990.00

	
	2. Total Annual Variable Cost 
	$355.19

	
	
	Total Variable Cost per Mile
	
	$0.7593

	
	
	Average distance used per year
	
	467.78

	
	3. Total Annual Driver Labor Cost 
	$36,000.00

	Total Annual Material Handling Cost per Truck 
	$4,345.19

	Total Annual Material Handling Cost
	$122,903.80


	Utilities Cost

	
	Total Annual Electric Cost
	$128,790.00

	
	
	Total Annual KWH used 
	1,431,000.00

	
	
	Cost per KWH
	
	$0.09

	
	Total Annual Natural Gas Cost
	$2,356,053.16

	
	
	Total Annual MMBTU used
	446,457.06

	
	
	Contract Price per MMBTU
	
	$5.28

	
	Total Annual Maintenance Cost
	$136,197.90

	
	Total Annual Overhead Cost
	$6,105.60

	Total Annual Utilities Cost
	
	$2,627,146.66

	Miscellaneous Cost

	
	Total Annual Property Insurance
	$25,000.00

	
	Total Annual Office Supplies
	$5,000.00

	Total Annual Miscellaneous Cost
	$30,000.00


Labor cost and utility consumption is also included in the labor section of the Executive Summary worksheet. Table 5 is broken down into the main function groups of the operation. 

Table 5.  Labor Summary Table
	No.
	Process
	Annual Labor Cost
	Annual Electric Consumption

	
	
	Direct
	Indirect
	Total Cost
	KHW Used
	Total Cost

	1
	Cleaning Room
	$192.00

	$792.45
	$984.45
	238,500.00
	$21,465.00

	2
	Lint Room
	$192.00
	$0.00
	$192.00
	265,000.00
	$23,850.00

	3
	Bale Press
	$96.00
	$566.04
	$662.04
	424,000.00
	$38,160.00

	4
	Huller Room
	$192.00
	$0.00
	$192.00
	0.00
	$0.00

	5
	Prep & Flake
	$192.00
	$0.00
	$192.00
	0.00
	$0.00

	6
	Solvent Extraction
	$96.00
	$679.25
	$775.25
	0.00
	$0.00

	7
	Refined
	$96.00
	$905.66
	$1,001.66
	0.00
	$0.00

	8
	Bleached
	$96.00
	$0.00
	$96.00
	265,000.00
	$23,850.00

	9
	Deodorized
	$96.00
	$0.00
	$96.00
	0.00
	$0.00

	10
	Methyl Ester Plant
	$288.00
	$543.40
	$831.40
	238,500.00
	$21,465.00


B.
Input data

The input data section of the model contains the following:

· Production capacity in gallons. (CB)

· Raw material transportation cost (CB)

· Methanol consumption and cost (CB)

· Days of operation per year

· Production hours per day

· Tax rate

· Insurance 

· Sale price gallon of biodiesel (CB)
In the input section the model allows the user to vary critical production parameters. This flexibility allows for the model to be modified with a minimum amount of effort. It also will allow for later sensitivity analysis of critical parameters. Examples are contained in Tables 6,7, and 8.

Table 6. Model Input Section (Production Capacity)
	Production Capacity

	 
	Yearly Production Capacity of BD (gal.)
	10,000,000
	 
	 

	 
	Sale Price per Gallon
	$3.45
	 
	 

	 
	 
	 
	 
	 

	Raw Material

	1
	Gallon of BD Produced per Ton of Cottonseed
	42
	 
	 

	2
	Cottonseed Cost per Ton ($)
	$157.50
	In West Texas at 07/2006 - Range of $140-260/ton
	

	3
	Hauling Distance from Cotton Gin to Mill (mile)
	250.00
	 
	

	4
	Cottonseed Hauling Cost (per mile)
	$1.40 
	per mile
	

	5
	Cottonseed Truck Capacity (ton)
	22
	per truck
	

	6
	Annual Cost of Solvent extraction ($)
	$20,000.00
	 
	 

	7
	Methanol required
	2,000,000.00
	20% methanol with no recovery at this point
	0.2

	 
	Catalyst required
	285,000.00
	lbs of catalyst NaOH per gallon of oil (pass #1)
	0.0285

	 
	 
	213,750.00
	lbs of catalyst NaOH per gallon of oil (pass #2) (.75 of 1st pass)
	0.021375


Table 7. Model Input Section (Raw Material Logistics)
	Raw Material Cost

	 
	Methanol cost
	$4,500,000.00
	methanol cost per gallon
	$2.25

	 
	Catalyst cost 1st Pass
	$270,750.00
	NaOH cost per pound
	$0.95 

	 
	Catalyst cost 2nd Pass
	$203,062.50
	 
	 

	
	
	
	
	

	
	
	
	
	

	In-Plant Truck

	8
	Truck Investment Cost ($)
	$100,000.00
	 
	

	9
	No. of in-plant Trucks
	20
	22-ton Trucks
	

	10
	Labor Cost of a Truck Driver per Year
	$18,000.00
	 
	 

	11
	Number of Truck Drivers
	2
	 
	 

	12
	Gas Fuel Cost (per gallon)
	$2.94 
	 
	 

	13
	Average Distance Used per Year (mile)
	500.00 
	Standard Deviation of 50 mile
	 


Table 8. Model Input Section (Cost Recovery)
	Cost Recovery

	14
	Amount Produced (ton) per Ton of Cottonseed
	 
	 
	

	 
	1. Cotton Meal (cake)
	0.06
	Range of 4-8% or 0.04-0.08
	

	 
	2. Seed Hulls
	0.06
	Range of 4-8% or 0.04-0.08
	

	 
	3. Linters
	0.06
	Range of 4-8% or 0.04-0.08
	

	15
	Recovery Cost per Ton ($)
	 
	 
	

	 
	1. Cotton Meal (cake)
	$0.10
	Standard Deviation of $0.01
	

	 
	2. Seed Hulls
	$0.10
	Standard Deviation of $0.01
	

	 
	3. Linters
	$0.10
	Standard Deviation of $0.01
	

	16
	Tax Incentives Cost per Gallon of BD
	$0.28
	Standard Deviation of $0.01
	

	 
	 
	 
	 
	 

	Operation Process

	17
	No. of working days in one operation year
	265
	For Direct Labor and Electric Machinery Cost
	

	18
	No. of shifts in a Day
	2
	If more than 2 shifts, add another shift table in "Labor" worksheet
	

	19
	Property Insurance Cost per Year ($)
	$25,000.00
	 
	

	20
	Office Supplies Cost per Year ($)
	$5,000.00
	 
	

	21
	Cost per KWH of Machinery ($)
	$0.09
	 
	

	22
	Total Amount Used of Natural Gas (MMBTU)
	439,719.00
	 
	

	23
	Contract Amt of Natural Gas ($)
	$5.03
	Range of 4.23 min and 5.89 max
	

	24
	Allocation Cost of Maintenance Cost per Machinery Cost (%)
	1.50%
	 
	

	25
	Allocation Cost of Overhead Cost per Direct Labor Cost (%)
	1.50%
	 
	 


C.
Cotton Seed Cost
Cotton seed grade is directly related to oil yield and the price per ton paid for the raw material. The model has the capability to vary the quality grade to adjust oil yield (CB) and cost (CB). This in turn will adjust the raw material required to meet production requirements. Other critical cost centers such as transportation will also adjust accordingly. Table 9 illustrates the parameters that have been assigned distributions. (Refer to Table 1).
Table 9. Input Parameters for Cotton Seed
	Input 
	
	Output

	Yearly Production Capacity (Gallon)
	10,000,000.00
	
	Yearly Cottonseed required (Ton)
	245,221.46

	BD (Gallon) per Ton of Cottonseed
	40.78
	
	Total Annual Cottonseed Cost ($) 
	$40,463,462.17

	Cottonseed Cost per Ton ($)
	$165.01

	
	 
	 

	Hauling Distance from Farm (mile)
	242.93
	
	Number of truck loads
	11,147

	Cottonseed Hauling cost (per mile)
	$1.40
	
	Total Annual Hauling Cost
	$3,791,153.60

	Cottonseed Truck Capacity (ton)
	22.00
	
	Total Annual Cost
	$44,254,615.70


D.
Capital Investment
The investment section of the model includes three different production scenarios. To improve versatility, the model will include small, medium, and large capacity plant configurations. Depending on the annual production capacity and the days of operation entered into the Input section, the model will select the appropriate size operation to meet the production requirements. The Investment section will include the following:

· Machinery complement appropriate for production capacity required (small, medium, large)

· Building 

· Land 

· Permitting (state, federal)

E.
Material Handling

Material handling will be dependent on the size of the operation. The model will include the following:

· Cost associated with the use of on sight hauling (CB)

· Fuel cost (CB)

· Front end loaders

· Maintenance

· Insurance, inspection, and licensing of the trucks

· Labor costs associated with the truck usage

This section is separated into three parts:

· Fixed Operating Costs

· Variable Operating Costs

· Labor Costs

F.
Labor
The model allocated costs associated with the direct and indirect costs of labor.  The labor was separated by a small, medium, or large sized production process and then by the two shifts.  The model includes the costs specific to each production process and the ability to vary the number of regular and overtime laborers, working hours, rates/hour, and the rates/year. Table 10 is an example of how the direct and indirect labor costs were summarized. 

Table 10.  Direct & Indirect Labor Cost Assignments
	Total Direct Cost per Day
	$1,536.00

	Total Indirect Cost per Day
	$3,486.79

	Total Labor Cost per Day
	$5,022.79

	 
	
	
	 

	Total Direct Cost per Year
	$407,040.00

	Total Indirect Cost per Year
	$924,000.00

	Total Labor Cost per Year
	$1,331,040.00


G.
Utilities
The model will include a breakdown of costs associated with the production process. This will be dependent on the size of the operation and the associated machinery complement.  The costs associated with the production process include:

· Annual Power Consumption

· Electric - (KWH used/year) & Total Cost

· Natural Gas – (MMBTU used), Contract Amount, & Total Cost

· Annual Maintenance Cost

· Annual Overhead Cost

H.
Cost Recovery

The proposed operation will not only manufacture biodiesel it will also provide a revenue stream based on the bi-products produced during the process. The model will include the following elements:

· Biodiesel(CB)

· Cotton seed meal(CB)

· Seed hulls(CB)

· Linters(CB)

The sections in green were given specific distributions and parameters using the Crystal Ball software and they can be found in Table 1. Table 11 illustrates the summary section for the Cost Recovery worksheet. It should be noted that the value in Table 11 may not match other worksheets that were generated during different phases of the model and is just formatting and presentation purposes. 

     Table 11. Cost Recovery Summary Sheet
	No.
	Item
	Amount Produced per year
	$Recovery Cost/Unit
	Total Annual Recovery Cost

	1
	Cotton meal (cake)
	17,196.11
	$0.10
	$1,720

	2
	Seed hulls
	11,343.96
	$0.10
	$1,134

	3
	Linters
	16,432.05
	$0.10
	$1,643

	 
	Total Cost per Year
	 
	 
	$4,497


I.
Depreciation
The model includes provisions for the use of different types of depreciation depending on the requirements of the customer.  The yearly values for the different sized production processes depended on the quantity of BD produced and then on the specific values given for the small, medium, and large production processes stated earlier.  The model includes an individual section for the machinery and also the building. Tables 12 and 13 give examples of the tables used to calculate the depreciation by classification. 

Table 12. Depreciation Schedules for Capital Equipment
	Machinery Investment
	
	
	

	Source: IRS Publication 946 - How to Depreciate Property, 2005, 7-years recovery period, Table A-1

	
	
	
	
	

	Year
	MACRS Depreciation Rate
	Scenario

	
	
	Small-Size
	Medium-Size
	Large-Size

	Estimated Total Machinery Investment Cost ($)
	$389,577.50
	$3,052,620.00
	$9,079,860.00

	1
	14.29%
	$55,670.62
	$436,219.40
	$1,297,511.99

	2
	24.49%
	$95,407.53
	$747,586.64
	$2,223,657.71

	3
	17.49%
	$68,137.10
	$533,903.24
	$1,588,067.51

	4
	12.49%
	$48,658.23
	$381,272.24
	$1,134,074.51

	5
	8.93%
	$34,789.27
	$272,598.97
	$810,831.50

	6
	8.92%
	$34,750.31
	$272,293.70
	$809,923.51

	7
	8.93%
	$34,789.27
	$272,598.97
	$810,831.50

	8
	4.46%
	$17,375.16
	$136,146.85
	$404,961.76


Table 13. Depreciation Schedule for Facilities
	Building Investment
	
	
	

	Source: IRS Publication 946 - How to Depreciate Property, 2005, 39-years recovery period, Table A-7a

	
	** Assume 1 month property placed in service
	
	

	
	
	
	
	

	Year
	MACRS Depreciation Rate
	Scenario

	
	
	Small-Size
	Medium-Size
	Large-Size

	Total Building Investment Cost ($)
	$20,000.00
	$75,000.00
	$150,000.00

	1
	2.461%
	$492.20
	$1,845.75
	$3,691.50

	2-39
	2.564%
	$512.80
	$1,923.00
	$3,846.00

	40
	0.107%
	$21.40
	$80.25
	$160.50


5.
Summary
All of the pertinent data was included on a summary page. This allows for the breakdown and viewing of costs associated with the project at any one point, which include:

· Total Annual Fixed Cost

· Total Annual Variable Cost

· Total Annual Recovery Cost

· Total Annual Operating Cost

Table 14 and 15 summarize the fixed and variable cost for the model.
Table 14. Total Annual Fixed Cost
	No.
	Item
	Annual Cost

	1
	Indirect Cost
	$924,000.00

	2
	Property Insurance Cost
	$25,000.00

	3
	Electricity Cost
	$128,790.00

	4
	Natural Gas Cost
	$2,300,353.91

	5
	Maintenance Cost
	$136,197.90

	6
	Overhead Cost
	$6,105.60

	7
	Office Supplies
	$5,000.00

	 
	Total Annual Fixed Cost
	$3,525,447.41


Table 15. Total Annual Recovery and Operating Costs
	No.
	Item
	Annual Cost

	1
	Direct Cost
	$407,040.00

	2
	Raw Material
	 

	 
	2.1 Cottonseed
	$49,927,093.58

	 
	2.2 Solvent extraction
	$20,000.00

	 
	2.3 Methanol
	$4,500,000

	3
	Cotton Seed-Hauling Cost
	$3,703,647.59

	4
	In-Plant Material Handling
	$122,504.57

	 
	Total Annual Variable Cost
	$58,680,285.75

	Annual Sale Revenue
	$34,500,000.00 

	Total Annual Recovery Cost
	$5,390,703.59

	
	$39,890,703.59

	Total Annual Operating Cost
	$62,242,945.08

	Total Cost
	-$22,352,241.49


This section in the model includes the machinery and building investment costs associated with a small, medium, or large sized production process.  There are specific machines that perform certain processes and the model gives the different investment costs for each one along with the following:

· Quantity

· KWH

· Hr used/day

· Total KWH used/day

· Investment Cost

Table 16 contains an example of how the model can be populated with actual quotes or best estimates that meet the need of the user. 

Table 16.  Equipment Selection and Allocation Summary Sheet
	Scenario 3: Large-Size Production
	
	
	
	

	
	
	
	
	
	
	

	Process No.
	Building/Machine
	Qty
	KWH
	Hr Used/ Day
	Total KWH Used/Day
	Investment Cost

	Machinery Investment

	1
	Equipment A
	3
	15.00
	20
	900.00
	$10,000.00

	2
	Equipment B
	2
	25.00
	20
	1000.00
	$10,000.00

	3
	Equipment C
	1
	35.00
	20
	700.00
	$10,000.00

	4
	Equipment D
	0
	45.00
	20
	0.00
	$10,000.00

	5
	Equipment E
	0
	55.00
	20
	0.00
	$10,000.00

	3
	Equipment F
	1
	45.00
	20
	900.00
	$10,000.00

	7
	Equipment G
	0
	35.00
	20
	0.00
	$10,000.00

	8
	Equipment H
	2
	25.00
	20
	1000.00
	$10,000.00

	9
	Equipment I
	0
	25.00
	20
	0.00
	$10,000.00

	10
	Equipment J
	3
	15.00
	20
	900.00
	$2,996,620.00

	Building Investment

	 
	Building A
	2
	
	
	
	$30,000.00

	 
	Building B
	1
	
	
	
	$30,000.00

	 
	Building C
	2
	
	
	
	$30,000.00

	 
	Building D
	0
	 
	 
	 
	$30,000.00


A.
Cash Flow

The model was used to show the cash flows for a specific quantity of BD produced over a certain time span.   For each year, the model developed cash flows for the following:

· Revenue

· Operating Cost

· Recovery Cost

· Building Investment

· Machinery Investment

Using the cash flows for the parts above, a cash flow for the total amount cash for the production process of each year was created.  It shows the amount of cash the production process will accumulate each year. 

6.
Model 2: Utilizing Oil Only
An alternate model was included so that interested parties that were purchasing oil or currently manufacturing oil would be able to utilize the features. The alternate model also allow for blending different oils or oils at different points in the refining process. In the following table the allowance for blends is illustrated.
Table 17.  Special Oil Blending for Cost Control
	 
	%Oil #1
	%Oil #2
	%Oil #3
	Total

	 
	0.00%
	0.00%
	0.00%
	100.00%

	 
	
	
	
	 

	Oil $/Lbs
	$0.00 
	$0.00 
	$0.00
	 

	 
	 
	 
	 
	 

	lbs/gal
	7.6
	7.8
	7.5
	 

	 
	
	
	
	 

	Blend $/gal
	$0.00 
	$0.00 
	$0.00 
	$0.00 
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�On the labor, these are 192 because it requires 2 workers


�This was wrong before because the parameters were wrong so I changed them to be between 140 & 260 like on the input sheet.


�The if statements were wrong on the two investment columns so I changed them.
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