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Executive Summary

Behind fertilizer, fuel costs comprise the largest portion of a farmer’s overhead on a yearly basis.  Unlike fertilizer costs, which are kept at a more manageable level due to competition amongst domestic chemical companies, fuel prices are controlled by a foreign oil cartel which often set prices independent of the market conditions, creating an unstable market place.  This instability leads to diesel prices which invariably increase considerably every summer.  This causes an extreme burden on the agricultural community, which is dependent on summer diesel in order to complete their harvest.
There has never been a viable, less expensive option to traditional petroleum-based diesel until now.  By utilizing biodiesel, a biofuel created through the reaction of lipids and alcohol, that fuel burden can be considerably lessened.  Biodiesel allows a farm to produce its own fuel for a constant, significantly reduced price per gallon.  This diesel can also be burned in any conventional diesel engine without requiring any mechanical modifications.

Gordon Agricultural Consultants is suggesting to Haberman Farms, located in Ellensburg WA, that they build a biodiesel plant on their premises, and implement a biodiesel production process, for the purpose of making themselves immediately fuel independent.

Gordon Agricultural Consultants analyzed the peak fuel needs of Haberman Farms, for the purpose of sizing their prospective biodiesel plant.  It was determined that during harvest, Haberman Farms burns upwards of 310 gallons of diesel per day.  In order to provide ample margin for days of above maximum fuel usage, Gordon Ag. determined that the plant must have an output of 400 gallons of biodiesel per day.  With this requirement, Gordon Ag. suggests the EZ400 biodiesel plant, built and sold by Summit Enterprises.

Based on the suggested plant, Gordon Ag. made an estimate of a per batch cost.  This batch was based on the use of waste vegetable oil (WVO), supplied at no cost from local restaurants and fast food establishments.  Using average values of sodium hydroxide and methanol prices and quantities, a per batch price of $372, for a 400 gallon batch, was estimated.  This correlated to a per gallon price of $.93.

Using these price figures, Gordon Ag, estimated the annual savings that Haberman Farms stands to see if they implement this proposal.  Assuming a yearly fuel consumption of 5000 gallons, Haberman Farms will save over $20,000 per year using biodiesel, as opposed to traditional diesel.

This proposal will benefit Haberman Farms immediately, and will have a significant impact on their yearly overhead costs.  By creating a constant-price supply of fuel, produced for a fraction of the cost of buying traditional diesel, Haberman Farms can make their farm fuel independent.  And as the price of traditional diesel continues to rise, Haberman Farms can only expect to see these savings increase each year.   
Gordon Agricultural Consultants
Gordon Agricultural Consultants was formed in 2006 in Ellensburg WA.  We provide creative and competitive solutions designed specifically to meet the needs of your farming operation.  Gordon Agricultural consultants have dealt extensively with Timothy Hay farms, delivering innovative solutions to cutting, baling and barning.  
Gordon Agricultural Consultants have the personnel to analyze and formulate packages for problems both large and small.  In 2008, Gordon Agricultural Consultants was retained by Mountain Springs Farm in Ellensburg WA for a typical assignment.  Mountain Springs Farm wanted to improve the efficiency with which they use their current barn space for the purpose increasing covered hay storage without the need for additional infrastructure. 
The solution that was proposed was based on the use of a hay squeeze already owned by the farm.  By building the base of each stack in the barn with a five tier truck stack, and then squeezing a nine tier standard stack on top of that, Mountain Springs Farm increased their barn capacity by an average of 50% per barn.  This resulted in an increase in sale price per ton of nearly $20 due to the hay weathering less while covered in a barn.  Mountain Springs Farms reported an additional $50,000 of revenue during their 2008 harvest as a result of these changes.
Gordon Agricultural Consultants can be counted on to provide this same level of productivity increase to any farming operation.  Through the utilization of new and breakthrough technology, along with an intimate knowledge of a farms needs, there are no problems that can not be solved, and no farming operation that cannot be improved and made more profitable.  And at the end of the day, that’s the bottom line.
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Part 1: Why Biodiesel??
As the saying goes, “If it ain’t broke, don’t fix it”.  That could easily be the Farmer’s Creed, recited right after the pledge of allegiance and before the weather report at every water board meeting.  Nothing on a farm is changed unless a clear better alternative exists.  Fuel is no exception to this rule.  For as long as farming has been mechanized, diesel fuel has been the one and only option for powering heavy machinery.  Gasoline and other lighter petro-chemicals do not deliver the necessary low speed power and torque.  Heavier fuels such as heavy fuel oil are too thick and too hard to come by for a typical farming option.  Until recently there have just not been any viable alternatives to diesel.  That is no longer the case.  Biodiesel has forced its way into the forefront of alternative fuels, and for good reason.  It has a multitude of benefits, both economically and environmentally, and very few downsides. 
A farm of your size can go through 5,000-10,000 of gallons of diesel fuel every year.  At the exorbitant prices diesel was at during the past harvest season, diesel can contribute nearly $50,000 to a farms overhead.  For years farmers just chocked that up as the price of doing business.  As will be detailed later, by using waste vegetable oil (WVO), a gallon of biodiesel can be produced for less than a quarter of what a gallon of traditional diesel costs.  There is no other method to cut a portion of your overhead by four times.  And once your biodiesel plant is built, you will continue to see those significant savings each and every year.  

Beyond the direct savings of converting to biodiesel, there is also the piece of mind of not being a pawn of the world fuel market each and every summer.  With your biodiesel plant complete, you can feel secure in the fact that you will continue to produce fuel for a dollar a gallon while your neighbors fret as the price of traditional diesel creeps closer and closer to the $5 a gallon mark, as it does every summer as demand rises and supply can’t keep up.  

While the economic appeals will dominate your thought process as you decide whether to implement our plan, there are also secondary environmental benefits to using biodiesel.  We are all stewards of this planet, and in an industry that makes a living off the land, it is in all of our best interests to keep it in as pristine of shape as is possible.  Because biodiesel is produced from natural oil, and not fossil fuels, there is a nearly 60% reduction is greenhouse gas emissions compared to traditional diesel.  Over time, using biodiesel, and other biofuels in general, will make a significant impact on greenhouse gas emissions, and the problems they cause. 
Production Process

The production of biodiesel, transestherification, reacts fatty acids with short chains of alcohol molecules to form longer chains.  While the actual chemistry behind the reaction is not critical to production, the basic idea of biodiesel is mixing natural oil, in this case used vegetable oil, with an alcohol, in your case methanol, to form two byproducts: glycerol and biodiesel.  

In farm scale production, the most useful way to refine biodiesel is through a batch process, where a batch of oil is run through the plant to completion before another batch is started.  Other types of production are continuous and semi-continuous production, but these are much more technologically dependant, and the start-up costs would be much greater than any one farm could afford.  While using a batch process is less efficient than a continuous process, as long as the plant is sized correctly, a farm-scale process should never have issues with needing to wait for a batch to finish to fuel up machinery.  The batch process can be broken down into several steps which are illustrated in the following flow chart.  A step-by-step manual of the complete biodiesel production process is included in Appendix A.
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Figure 1. Flow Chart Detailing the Biodiesel Production Process
Part 2: Feasibility of a Farm-Scale Plant

Analysis of Needs
In order to accurately predict how large of a biodiesel plant your farming operation needs, we will make an estimation of daily peak fuel usage.  As with any Timothy hay producer, harvest is the period of the year where your farm uses the most diesel.  For this calculation, it will be assumed that all machinery is running optimally, essentially creating a best case scenario, and in turn illustrating a peak fuel usage scenario.  The machinery used during harvest, and their respective fuel usages are tabulated below.

	Machine
	Total Machines 
	Hourly Fuel Usage (gal/hr)
	Hours Run per Day (hrs)
	Daily Fuel Usage (gal/day)

	Harrowbed
	4
	2.5
	15
	150

	Hay Baler
	6
	2.5
	10
	150

	Hay Squeeze
	1
	N/A
	N/A
	10

	
	
	
	Total
	310 Gallons


Figure. 2. Chart detailing per batch costs of biodiesel

These estimates take into account the machines dedicated primarily to harvest.  The hours run per day was derived from the average amount of time that a certain machine would run in a single day.  Hay balers typically are able to run from noon, when the dew evaporates off the hay, until 10pm, when the dew sets in again.  Because balers are able to put bales on the ground faster than harrowbeds can stack them, there is often each morning a backlog of bales from the night before, which explains why the harrowbeds are run longer than the hay balers.  
As can be seen from these estimates, a farm of your size burns over 300 gallons of diesel a day.  In order to correct for the use of diesel in pickup trucks and other vehicles on your farm, the daily fuel estimate will be rounded up to 350 gallons per day. 

This entire proposal is based on the economic benefits of Haberman Farms building and operating a farm-scale biodiesel plant for the purpose of running all of their machinery on biodiesel.  In order to gauge the financial impact of constructing this plant, an estimate of the average price per gallon of biodiesel produced must be made.  Using prices from tables A2 and A3 in the appendix, and erring on the side of a conservative price estimate, prices per gallon of oil refined were chosen for both methanol and NaOH.  These prices are compiled below into a price per gallon estimate.
	Ingredient
	Cost Per Unit
	Amount Per Gallon Of Biodiesel
	Amount Per Batch
	Cost Per Gallon of Biodiesel
	Cost Per Batch

	WVO
	$0 Per Gallon
	1 Gallon
	400 Gallons
	$0 
	$0 

	NaOH
	$4 Per Pound
	20.825 Grams
	18.36 Pounds
	$0.18 
	$72 

	Methanol
	$3.50 Per Gallon
	.20 Gallons
	80 Gallons
	$0.70 
	$280 

	Labor
	$10 Per Hour
	N/A
	2 Hours
	N/A
	$20.00 

	
	
	
	Total Batch Cost
	$372 

	
	
	
	Cost Per Gallon of Biodiesel
	$0.93 


Figure. 3. Chart detailing per batch costs of biodiesel
As can be seen from this cost estimate, the price of producing a gallon of biodiesel is many times less expensive than buying a gallon of traditional diesel.  Assuming a yearly diesel usage of 5000 gallons, Haberman Farms will spend roughly $4500 dollars producing its own biodiesel.  During the most recent harvest season, traditional biodiesel was selling for nearly $5/gallon, and because a large proportion of the yearly diesel usage is during harvest, it is safe to approximate the entire year’s fuel being bought at these price levels.  With that, using traditional diesel, Haberman Farms would spend $25,000 a year on fuel.  As can be seen, using biodiesel correlates to a yearly savings of over $20,000.

Recommendation on sizing

Based on the daily peak fuel estimate found in the previous section, we made design decisions on the size of biodiesel plant necessary to sustain your farming operations.  Because the process to produce biodiesel takes more than one day, the actual plant will need to produce batches of greater volume than 350 gallons, but will do so every two to three days.  Due to this, there are several guidelines to follow when selecting tanks sizes for the different components.

The reactant tank will be the design driver for the plant.  It’s size is based on the peak daily fuel usage, and all other tank sizes will be based off the reactant tank.  In order to conservatively account for the three days required to prepare, produce, and wash a batch of biodiesel, and adding in an extra day of buffer between batches, the reactant tank should be four times the volume of your daily fuel usage.  For Haberman Farms, this means your reactant tank will need to be 1400 gallons.  

The next tank to be sized is the catalyst tank.  As stated earlier, one part catalyst should be added to five parts oil, so the catalyst tank must be at least 20% the size of the reactant tank.  Because of the toxicity of the catalytic ingredients, we recommend that the catalyst tank be double the volume of what is necessary, in order to prevent spillage, and leave ample space to mix.  With that in mind, your catalyst tank will need to be roughly 600 gallons.  
The three remaining tanks, oil, glycerol, and finished biodiesel storage, have fewer strict rules on sizing.  The WVO storage tank will be sized based on the frequency Haberman Farms wishes to receive shipments of oil.  The glycerol tank needs only to be as large as the catalyst tank, due to the fact that roughly the same amount of glycerol is produced in each batch as catalyst is added. However, the glycerol tank can be much larger, allowing longer term storage, and less frequent emptying of the tank.  Finally, the biodiesel storage tank can again be of any size.  We would suggest that you use a tank, or a system of tanks, which allows you to store at least a weeks worth of biodiesel.  This will provide you ample buffer should your plant breakdown, or you experience a temporary dramatic increase in fuel usage.

Initial cost estimates

Based on the daily fuel usage of 350 gallons per day, a commercially marketed, farm-scale biodiesel plant was selected.  The EZ400, built by Summit Enterprises in Grand Junction Colorado, is a 400 gallon per day, farm-scale biodiesel plant, which fits the sizing criterion for your plant.  A graphic of the plant is shown below.
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Figure 4. EZ400 Biodiesel Plant,

As can be seen from the picture, this plant is entirely self contained, and includes everything needed to set up your biodiesel production.  This plant sells for $10,995, and Summit Enterprises ships throughout the United States.  Because this plant is all inclusive in its features, the entire initial start up cost is included in that price.  The only additional costs would be if you determine it is necessary to construct an additional shed or barn to house your plant.  
Return of Initial Capital Estimate
This proposal is extremely economically efficient.  As can be seen from the cost estimate, and the savings that will be reaped from implementing this plan, the biodiesel plant that is being suggested will pay for itself in under a year.  

Conclusion
As has been outlined in this study, Haberman Farms is the perfect candidate for construction of a farm-scale biodiesel plant.  Based on the needs of the client, and the industry standards for plant sizing, the EZ400 Biodiesel plant, manufactured by Summit Industries, was selected for implementation at Haberman Farms.  Taking into consideration current fuel prices, and an expected price per gallon of biodiesel produced, Haberman Farms stands to save over $20,000 per year of operation, a level of saving which will pay for the plant itself within the first year.  Based on this data, it is evident that Haberman Farms should implement this plan.

Appendix

A1.  Steps for Biodiesel Production

1. Titration

In order to insure the correct amount of reactants is added to the biodiesel, each and every batch of waste vegetable oil must be tested for its Free Fatty Acid (FFA) content.  The level of these acids will determine how much sodium hydroxide (NaOH) will be added per gallon of oil being refined.  The exact titration steps, as well as the table used to determine the amount of NaOH needed per gallon, can be referenced in the appendix

The following items are needed to perform an accurate titration. (Adapted from Waste Management Document)

- Two 50mL flasks 

- One 5mL graduated pipette 

- A 1mL dropper 

- A 10mL dropper 

- A mixture of NaOH and water in 0.1% concentration 

- pH solution and color chart 

The NaOH water mixture can be prepared by adding 1 gram of NaOH to 1000ml distilled water. The mixture will be more accurate if it is first made as a 1% solution (10grams NaOH to 1000ml water). Next, add 100mL of the 1% solution to 900ml of distilled water. This will make a 0.1% NaOH solution. 

The process for titration is as follows: 

1) Place 10mL of Methanol in a 50ml flask 

2) Add 1mL of vegetable oil (mix the oil thoroughly prior to drawing 1ml) 

3) Mix the oil with the Methanol using the squirting action of the dropper 

4) Add the ph indicator solution (usually 3 drops, check instructions) 

5) Place 15ml 0.1% NaOH (know as titrant) solution in a 50ml flask 

6) Draw exactly 5ml of the NaOH solution into the graduated pipette 

7) Add the 0.1% NaOH to the methanol/oil mixture one drop at a time. Mix the solution using a swirling action between the drops. Using the eyedropper to mix the solution may help if the oil forms drops in the bottom of the flask.
8) Continue to add 0.1% NaOH until a pH of 9 (blue-green color) is reached. This may require more than 5ml. Refill the pipette and continue. Note the amount in ml that was required. 

9) Look up the corresponding amount of NaOH required for the entire batch in Table 3. Multiply the amount by the number of gallons of oil to obtain the required amounts. 

.
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Figure A1. Chart used for determining amount of NaOH needed per gallon oil processed
2. Mixing of Methanol and NaOH

The next step after testing the WVO is the mixing of methanol and NaOH to form methoxide, which will be added directly to the oil to form biodiesel.  This step is the one extremely hazardous step in the process, as both reactants and products in this mixture are very toxic.  In order to get the methanol and NaOH to sufficiently combine, they should be poured together in a tank with a mechanical mixer in the bottom.  This will insure that the methoxide is uniform throughout.  The amount of NaOH needed for the mixture will be determined batch to batch based on the results of the titration, but the methanol content will be constant at 20% of the volume of oil being processed.  Pour the methanol into the mixing tank with the mixer on, and slowly add the NaOH, allowing them to mix together until particles of NaOH can no longer be seen.  This is the sign that the methoxide is ready.

3. Transestherification

This is the crucial stage in biodiesel, as it is whether the fuel is actually produced.  The oil should be heated to 130 degrees F, and the methoxide can slowly be added to the oil.  The two reactants should be initially stirred together to insure complete mixing, but after that point, the only requirement of this step is constant heat.  This is the most time intensive, but essentially the least labor intensive step.  The oil needs 12 hours to settle.  During this time, the two products will separate from each other, forming two distinct layers of glycerol and biodiesel, as can be seen from the picture below.

[image: image5.png]



Figure A2. Sample of Biodiesel illustrating the separation of Glycerol (dark, lower layer) and Biodiesel (light, upper layer).
4. Removal of Glycerol

Once the mixture has been given ample time to separate, the glycerol will need to be removed from the mixture.  Because of the significant difference in density, the best way to remove the glycerol is to drain the mixture from the bottom of the tank.  The glycerol that has settled will flow out first, and can be sent to a holding tank.  Once the flow has changed to the lighter colored biodiesel, you can feel comfortable that all of the glycerol has been removed. 

5. Washing 

While it may seem entirely counterintuitive to wash fuel with water, this is a crucial, and also highly debated, step in the process.  Even though glycerol and biodiesel sufficiently separate, there are still impurities and excess catalyst still remaining in the fuel, which need to be removed.  To do this, water is very slowly misted over the biodiesel, and allowed to drain through the tank.  The rate of misting is very slow, on the order of 5 gallons per minute, and should be continued until the amount of wash water misted over the fuel is equal in volume to the amount of biodiesel produced.  This water can then be drained from the bottom of the tank, again utilizing the significant difference in density.

At this point, the biodiesel is ready for use in any diesel burning machinery.  Of note, while biodiesel requires no engine modifications, it will remove the impurities deposited by traditional diesel lining any fuel tank it is stored in.  In a storage tank, these deposits are of no concern as they just drift to the bottom of the tank, but in a vehicle fuel tank, these deposits are pulled through the fuel system.  Because of this, after each of the first 3-5 full tanks of biodiesel used in each vehicle, the fuel filter should be replaced.  This will insure that ample fuel is able to flow to the engine at all times.
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Figure A3. Chart used for determining the cost of NaOH per gallon of oil processed.
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Figure A4. Chart used for determining cost of Methanol per gallon of oil processed.
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