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Introduction 
During the fall of 2014, the Engineering 333 class ǿŀǎ ŀǎƪŜŘ ǘƘŜ ǉǳŜǎǘƛƻƴΣ άǿƘŀǘ ǿƻǳƭŘ ƛǘ ǘŀƪŜ ŦƻǊ /ŀƭǾƛƴ 

College to operate a biofuel vehicle from campus resources.1έ  ¢ƘŜ ǘƘǊŜŜ ǇǊƛƳŀǊȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴŎƭǳŘŜŘΥ 

¶ Determining the optimal biofuel feedstock in terms of availability, transportation, and processing. 

¶ Selecting a biofuel vehicle for conversion or purchase to operate on the selected feedstock. 

¶ Designing the infrastructure and process required for operating the selected biofuel vehicle. 

The design and research described below proposes an environmentally sustainable and cost-effective 

ƳŜǘƘƻŘ ŦƻǊ ƛƴǘŜƎǊŀǘƛƴƎ ŀ ōƛƻŦǳŜƭ ǾŜƘƛŎƭŜ ƛƴǘƻ /ŀƭǾƛƴΩǎ ŜȄƛǎǘƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ    

Procedures 
The execution of this project was accomplished by dividing the team into four sub-teams, with a 

representative from each group to coordinate all activities among the groups plan the final report and 

presentation.  A listing each sub-team and their primary objectives is as follows: 

¶ Feedstock/Fuel Production 

¶ Vehicle 

¶ Infrastructure/Facilities 

¶ Future Planning 

The Feedstock/Fuel Production team chose Waste Vegetable Oil (WVO) per the decision matrix in Table 

3: Fuel Decision Matrix. This decision narrowed the vehicles to diesel engine choices only. After the fuel 

was picked everything could begin motion. Several processes were examined which are explained in the 

Filter Research in Appendix 1-B. These processes were backed by experienced WVO users found on 

forums. Figure 1: Overall Process for Biofuel Project shows the process after the feedstock was chosen. 

The next question was how to get the WVO to the processing plant and then how will it be processed once 

it gets there. A biofuel vehicle can be chosen that will be used around campus. 

 

Figure 1: Overall Process for Biofuel Project 

Data 
WVO had been previously collected by Darling International. They gave weights for every month for the 

last three years and those were converted to gallons and can be seen in Figure 1.  This gave overall fuel 

production for every month which would be enough to run one lawn mower.  

                                                           
1 Huen, Matthew.  Biofuel Vehicle Project Overview. Calvin College. Fall 2013 
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The costs associated with converting a lawn mower along with upfront cost of processing plant were 

combined with fuel savings for a payback period in about three and a half years as seen in Figure 2.  

 

Figure 2: Final Design Breakeven Point 

Conclusion 
From a financial and environmental perspective this project is feasible. Figure 3 shows the overall 

process diagram filled in. The dining halls are the feedstock, with an already existing recycling truck 

picking up the WVO from the dining halls. The WVO will then be stored in the processing plant located in 

the physical plant. The WVO waste will be put in a dumpster that New Soil will pick up. The lawn mower 

will fill up at the processing plant and then used on campus lawns.  All in all, the team proposes that 

Calvin begin operating one lawn mower on WVO beginning spring of 2015. 

 

Figure 3: Filled in Overall Process for Biofuel Project 

Future Considerations 
Figure 3 shows that another source of WVO is Mikado Sushi. The WVO will be picked up in the same way 

as the WVO from the dining halls, and the processing plant will be able to handle the new stock with a 

third parallel process. This WVO will be used in a Dodge Sprinter van which can be used for long distance 

trips.   
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Appendix I. Fuel Selection 

Summary 

Introduction 
The Feedstock/Fuel Production sub-team was tasked with investigating the best possible biofuel resource 

ŀǾŀƛƭŀōƭŜ ƻƴ /ŀƭǾƛƴ /ƻƭƭŜƎŜΩǎ ŎŀƳǇǳǎ ŀƴŘ determining the optimal way of filtration for future use in a 

vehicle. Compost, grass clippings, and waste vegetable oil (WVO) from the dining halls were researched. 

Possible methods for fuel processing included an anaerobic digester, distillation tanks, and filtration with 

centrifuge and settling tanks. WVO was chosen for its ease in processing and low overall cost compared 

to other resources.  

Procedures 
The first task for the Feedstock and Fuel Production sub-team was to find a fuel. Four fuel possibilities 

were researched along with their sources: methane from compost (see Methane), ethanol from grass 

clippings (see Ethanol), biodiesel from WVO (see Biodiesel), and pure WVO (see Waste Vegetable Oil).  

Each potential feedstock was researched extensively.  Results were in a decision matrix (see Table 3).  

Critical design constraints to the final feedstock selection included upfront cost, ongoing cost, and cost of 

retrofitting or rebuilding an engine for a vehicle (see Table 2). 

Having selected a feedstock, the Feedstock/Fuel Production sub-team began analyzing various 

alternatives for cleaning the fuel.  Online forums were valuable sources of information because they were 

written by individuals with experience in the filtration of WVO. In the end, three main options arose: 

covered filters, settling tanks, and centrifuges. After more in-depth study of the WVO quality coming from 

the dining halls, it was deemed that in-line filters would have very high operating and maintenance costs.  

Filtration purely by settling tanks would have a higher upfront costs than filters and also require extensive 

warehouse capacity and additional labor.  Finally, a centrifuge would have the highest upfront cost, but 

the quickest processing time.  To narrow down the decision, the team looked at financial case studies of 

filters only, a centrifuge and filter, and doing these two processes with no settling tank.   

A third consideration of the Feedstock and Fuel Production sub-team was the WVO acidity, due to the 

presence of fatty acids in the oil.  Tests were done and eventually, it was concluded that the WVO acidity 

level was within a tolerable range without the addition of baking soda. 

Data & Calculations 
WVO from the dining halls is collected currently by a company called Darling International.  Figure 4: 

Waste Vegetable Oil Production Data shows volume data with a running average from the last three 

years and an overall average to show the possible supply capacity.  The Facilities and Infrastructure 

portion of the report will discuss in greater detail the necessary warehouse space to manage this 

amount of WVO production (see   
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Appendix III. Facilities & Infrastructure Selection).  

 

Figure 4: Waste Vegetable Oil Production Data 

Conclusion  
Waste Vegetable Oil was the chosen fuel for the on campus vehicle. The chosen filter and cleaning method 

was a combination of a large filter, several settling tanks, and a centrifuge for the best possible cleaning. 

With this method the team was confident that the WVO would be clean enough to put into the vehicle 

with relatively little maintenance problems for the vehicle engine.  

Future Considerations 
In the future, there may be need of additional WVO to support the biofuel vehicle(s) using it as fuel.  To 

address this concern, the team has made connections with a few local restaurants who would be willing 

to provide their waste vegetable oil to Calvin at no cost, just as long as Calvin provides transportation.  

Refer to Appendix I-C. Future Considerations for further information. 
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Appendix I-A. Fuel Selection Process 

Methane 

Source 

Methane was one of biofuel options researched by the Feedstock/Fuel Production sub-team. Most 

commonly, it is produced using anaerobic digesters because they increase the speed and efficiency of 

production. In summary, methane is produced in an anaerobic digester through the breakdown of 

biological waste.  Bacteria feed on the biological waste and in the absence of oxygen, methane is produced 

as a byproduct. Another byproduct of this process is compost, which could be used on the CalvinΩǎ campus 

as a fertilizer for plants. A simplified diagram of the anaerobic digestion process is shown in Figure 5: 

Stages in an Anaerobic Digester. 

 

Figure 5: Stages in an Anaerobic Digester 

While researching methane, it was important for the team to investigate the availability of resources on 

campus to produce methane. Calvin College currently has a compost pile on campus, and, according to 

Henry Kingsma from the Physical Plant, 250 cubic yards of compostable material is available on campus 

each year. The majority of the available material on campus consists of grass clippings, woodchips, and 

leaves during fall clean-up.  The compost pile on campus takes a full two years for the compostable 

material to be broken down. The benefit of a digester would be the expedition of this process, decreasing 

the retention time of the material to approximately three months.  

Quality  

The quality of the methane produced was also addressed by the team. One of the critical questions the 

team looked into was, άhow much methane is currently produced from a given amount of compostable 

ƳŀǘŜǊƛŀƭΚέ [ƛƪŜǿƛǎŜΣ ŀƴƻǘƘŜǊ ǉǳŜǎǘƛƻƴ ǘƘŀǘ ŀǊƻǎŜ ǿŀǎΣ άhow much methane could be produced using only 

the compostable material available from campus?έ Through research of different types of compostable 

material and the conversion rates for each, the team found that leaves and grass clippings had very low 

conversion rates. 
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Costs 

Also considered were the costs associated with methane production. The big standout in cost for methane 

is the upfront cost of purchasing an anaerobic digester and a biogas engine for the vehicle. These two 

pieces of equipment alone will be over $20,000 considering the size of the digester needed. Other costs 

necessary to be considered are production costs. The compostable material is essentially free, as it is 

already being composted on campus. The cost of production is therefore broken down into labor costs 

and digester operating costs. 

Decision 

After researching methane production, the team came up with pros and cons of using methane as the 

fuel source. Pros for using methane included a relatively low production cost and the production process 

that is easy to maintain. The cons of using methane were that it has a large upfront cost due to the 

requirement of a digester to produce an efficient amount of methane and the need to purchase a new 

biogas engine to run the methane. A decision matrix was developed to compare methane with other 

feedstock options (see Table 3: Fuel Decision Matrix). In the end, the team decided that methane was not 

the best biofuel alternative. 

Ethanol 
Ethanol is also a biofuel source produced by breaking down the cellulose in various plant-based 

substances. These substances are referred to as feedstock, or raw materials. Examples of global ethanol 

feedstocks include: sugar cane, switch-grass, potatoes, fruits, corn, grain, wheat, and cotton. The 

important factor in each potential feedstock is its respective cellulose content. Wood chips, grass 

clippings, and leaves can be used as feedstock, however, their reduced cellulose levels in comparison with 

agriculturally farmed feedstock sources such as switch-grass, decreases their potential levels of fuel 

output (see Table 1. Ethanol Yield Based on Cellulose Content). 

Table 1. Ethanol Yield Based on Cellulose Content2 

Ethanol Yields of Selected Feedstocks 

Feedstock Theoretical Ethanol Yield 
(gal/dry ton of feedstock) 

Corn Grain 124.4 

Corn Stover 113 

Rice Straw 109.9 

Cotton Gin Trash 56.8 

Forest Thinnings 81.5 

Hardwood Sawdust 100.8 

Bagasse 111.5 

Mixed Paper 116.2 

Switchgrass 96.7 

 

                                                           
2 http://www.afdc.energy.gov/fuels/ethanol_feedstocks.html 
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Source 

Currently, the Calvin College Grounds Crew collects and composts grass clippings, leaves, wood, and plants 

from all across campus. Permission was received to reallocate these resources if ethanol was chosen as 

the fuel for this project. 

Quality  

Similar to methane, the production of ethanol releases a waste byproduct. In total, 80% of the feedstock 

mass can be converted to useable ethanol, while the remaining 20% is removed into the waste stream.3  

This waste stream is composed mainly of water and lignin. Lignin is one of the three main components of 

organic compounds, the other two being cellulose and hemicellulose. Lignin can be easily disposed of by 

burning, or use as a fertilizer.4  For the ethanol produced to be used as a biofuel, it must leave the 

distillation process consisting of roughly 95% pure alcohol.  

Costs 

One of the most important benefits of ethanol is that most of the required materials would be free, 

namely the previously mentioned yard waste. The final fuel would require the use of 5%to 15% gasoline, 

which would account for the majority of the ongoing costs. Estimations of these monthly operating 

expenses fell between $200 and $500, depending on the vehicle and ethanol-to-gasoline ratio. Pre-

assembled machinery for processing the feedstock would cost around $10,000. 

Collection & Storage 

Calvin Grounds Crew currently composts the grass clippings and other waste products it collects. It would 

be a simple matter for them to transport these to the Physical Plant to be processed or to the compost 

pile for temporary storage. 

 

Figure 6: Ethanol Production Process5 

                                                           
3 http://www.agmrc.org/commodities__products/energy/cellulosic-ethanol-profile-2739/ 
4 "The Potential Environmental Impact of Waste from Cellulosic Ethanol Production." Journal of the Air & Waste 
Management Association  
5 http://zfacts.com/p/85.html 
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Figure 6: Ethanol Production Process shows the components necessary for producing ethanol. The 

average process can be stored in a 500 ft2 area, or about the size of four 8-foot sections of inventory 

shelving in the physical plant warehouse. 

Biodiesel 
Biodiesel is a popular alternative for fuel in diesel vehicles. It is typically made by chemically reacting waste 

vegetable oil with an alcohol, resulting in the production of fatty acid esters. This chemical process is 

commonly called transesterification. Using biodiesel as a fuel alternative is rising in popularity in the 

United States, largely due to the Energy Policy Act of 2005, which provided tax incentives for alternative 

energy production. 

Source 

The source of the biodiesel would be the WVO collected by Calvin Dining Services. The alcohol needed to 

react with this WVO would have to be purchased, further increasing the overall cost of the biodiesel fuel 

choice. The annual WVO collected by the Dining Services (see Figure 4: Waste Vegetable Oil Production 

Data) was found to be enough to provide approximately 1,300 gallons of usable fuel.  The storage and 

production requirements of biodiesel would be identical to that of using waste vegetable oil directly as a 

fuel source (see Waste Vegetable Oil).   

Quality  

The team concluded that the quality of the biodiesel fuel would not be a concern for the biofuel vehicle 

project, as the self-contained units are able to accept all levels of waste vegetable oil quality. As 

mentioned previously, biodiesel can be fueled directly into a standard diesel engine without any additional 

modifications required. 

Process 

The final production process that the team decided upon had several benefits. First, using biodiesel as the 

fuel choice for the biofuel vehicle project would result in no engine modifications, as biodiesel is able to 

be used in standard diesel engines without encountering additional problems. However, the complex 

chemical process and equipment necessary to produce the biodiesel required high overall upfront costs. 

In comparison, biodiesel was roughly 3-4 times more costly than the WVO (see Waste Vegetable Oil). 

Therefore, the team decided upon a common batch method for implementation of the transesterification 

reaction. Other methods considered included: supercritical processes, ultrasonic methods, and 

microwave methods. The common batch method was selected due to its low cost and relatively low 

operational difficulty. The supercritical process, ultrasonic methods, and microwave methods were 

around four to five hundred percent more expensive and the potential safety risk when using the 

necessary supercritical chemicals was much higher. The team was able to locate several companies that 

provide the infrastructure needed to run the complete operation. Of these options, the BIO100 unit 

provided by Central Bio-Diesel HTP6 was the best option due to its low processing time and relatively low 

cost. This unit would have a batch time of approximately eight hours, with only one hour of direct 

processing time during which an operator would need to be present. 

                                                           
6 http://www.centralbiodiesel.com/en/ 

http://www.centralbiodiesel.com/en/
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Waste Vegetable Oil 
The fourth and final option for a biofuel was pure waste vegetable oil (WVO). WVO is commonly used by 

ǊŜǎǘŀǳǊŀƴǘǎΣ ƛƴŎƭǳŘƛƴƎ /ŀƭǾƛƴΩǎ 5ƛƴƛƴƎ {ŜǊǾƛŎŜǎΣ ŀǎ oil for their fryers.   

Source 

The team contacted Rick Balfour, who is the head of Dining Services, to see how he currently disposes of 

his WVO. While meeting with him, he revealed to the team that all the used WVO is stored in two large 

containers; one on the Knollcrest dining hall dock and the other on the Commons dock. Once a month, a 

company named Darling International comes and pays Dining Services on a per pound basis to take the 

oil and dispose of it properly.  

Figure 4 demonstrates the data given by Darling International of the weight totals collected over the past 

three years. From 2010 through 2012, the average total WVO produced by Dining Services per month was 

176.9 gallons. The 2013 projections are in line with this annual value as well. 

Quality  

The continued use of WVO will gradually decrease its quality.  The quality of the oil is critical for use in a 

biofuel vehicle as using low quality WVO will cause problems in the engine.  High quality WVO will be light 

in color and have very small or no floating particles (see Figure 7: Various Vegetable Oil Qualities).  In 

contrast, low grade WVO will appear cloudy and dark in color and have visibly floating large (see Figure 

7). 

 

Figure 7: Various Vegetable Oil Qualities7 

Figure 8 is a sample of Dining Services WVO.  The left half of the image shows that the darkness in the oil 

color.  The right half of the picture illustrates the settled particles in the oil after having settled for one 

month.  From these images, it is the used WVO quality from Dining Services is lower than άEέ ǉǳŀƭƛǘȅΣ ŀǎ 

denoted in Figure 7.  Likewise, if this particular biofuel were to be used as a feedstock, it would require 

heavy filtration in order to improve its quality.  

                                                           
7 http://journeytoforever.org/biodiesel_svo.html#gnl 
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Figure 8: Dining Services Oil Sample 

 

Costs 

In order to determine the cost of acquiring the waste vegetable oil from Dining Services, the team met 

once again with Rick Balfour.  Mr. Balfour informed the team that Dining Services currently receives $0.05-

$0.06 per pound of used WVO from Darling International. This totals to roughly $1500 annually. 

Fortunately, Mr. Balfour indicated that Dining Services would be willing to part ways with this additional 

revenue at no extra cost to the college if the used WVO were to be used in a biofuel vehicle. While 

potentially ongoing labor costs associated with the filtration system were seen as a potential downside, 

WVO seemed the optimal fuel source because of its availability and low purchased equipment costs.   

Fuel Decision 
Table 2 summarizes the overall cost analysis for each fuel option based on upfront cost, production cost, 

and vehicle conversion cost. From this analysis, it was clear that vegetable oil was the preferred option 

from a cost standpoint.  

Table 2: Cost data for each fuel option 

 

Methane Ethanol Biodiesel WVO 
Upfront Cost $20,000 $10,000 $5,000 $2,000 

Cost to Produce $500 $1,000 $1,200 $800 

Vehicle Conversion $2,000 $0 $0 $2,000 

 

Beyond cost, the additional criterion considered when deciding upon WVO as the optimal feedstock are 

as follows:  
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¶ Upfront Cost ς Cost of production equipment 

¶ Cost to Produce - Cost of feedstock and materials needed in production 

¶ Cost to Outfit Vehicle ς Cost to modify vehicle 

¶ Ease of Production ς Cleanliness and simplicity of producing fuel 

¶ Production time ς Amount of time from raw materials to finished fuel 

¶ Amount of Resources on Campus ς vǳŀƴǘƛǘȅ ƻŦ ŦŜŜŘǎǘƻŎƪ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ /ŀƭǾƛƴΩǎ /ŀƳǇǳǎ 

¶ Training Required for Future Production ς Level of difficulty to teach someone to operate and 

maintain production process 

¶ Environmental Impact ς Amount of waste resulting from production process 

¶ Cleanliness ς How clean the area will be as a result of the production 

¶ Access to Information ς Availability of technology in the industry and the quality and quantity of 

that data 

Using the listed criterion, the team created a decision matrix, which appears in Table 3. 

Table 3: Fuel Decision Matrix 

  

Scale Ethanol Methane Biodiesel WVO 
Upfront Cost 0.20 3 1 8 10 

Cost to Produce 0.10 7 10 6 9 

Cost to Outfit Vehicle 0.10 10 4 10 7 

Ease of Production 0.05 8 10 6 7 

Production Time 0.05 8 9 4 4 

Amount of Resources on Campus 0.15 5 8 6 8 

Training Required for Future Production 0.05 6 6 8 8 

Environmental Impact 0.10 9 7 5 7 

Cleanliness 0.10 6 7 2 2 

Access to information 0.10 3 9 9 10 

TOTAL 1.00 5.95 6.35 6.6 7.65 

 

As shown in Table 3 and Figure 9, it became evident that WVO was the most suitable biofuel option for 

this project. 
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Figure 9: Fuel Decision Matrix Results 
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Appendix I-B. Fuel Quality 

Acidity Research 
While researching the potentiality of using waste vegetable oil as a fuel for the biofuel vehicle project, the 

team discovered an impending issue. The acidity of the WVO was a large concern, as overly acidic oil 

would lead to engine damage. The acidity of the WVO is a direct result of the level of free fatty acids (FFA) 

in the oil. Free fatty acids can cause damage to the vehicle components mainly through corrosion if the 

levels are too high. Unfortunately, these acids would not be removed through filtering alone. Therefore, 

determining the level of FFA in the WVO provided by Calvin Dining Services was of upmost importance in 

the consideration of WVO as a biofuel option.   

The team therefore conducted a test to determine whether the levels of FFA in the oil were below the 

safe amount. This test was a simple titration, using a phenolphthalein indicator, sodium hydroxide (NaOH), 

isopropanol, and a sample of the oil. The sodium hydroxide was diluted to a 0.1% NaOH solution by 

volume with distilled water. This solution was then added drop by drop to an oil-isopropanol mixture, 

which included the phenolphthalein indicator. Once the oil-isopropanol solution turned and remained 

pink for fifteen seconds, the process was stopped and the milliliters of NaOH solution added was recorded. 

.ŀǎŜŘ ƻƴ ǘƘŜ ǘŜŀƳΩǎ ǊŜǎŜŀǊŎƘΣ ƛŦ ƭŜǎǎ ǘƘŀƴ н Ƴ[ ƻŦ лΦм҈ bŀhI ǎƻƭǳǘƛƻƴ ǿŀǎ ŀŘŘŜŘΣ ǘƘŜƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ŦǊŜŜ 

fatty acids in the waste vegetable oil was within the acceptable range. A result above 3.5 mL added is too 

acidic, meaning the vegetable oil would not be a viable option.  

The team performed this titration and found that the amount of NaOH added was 1.5 mL, which was well 

within the limits imposed. Therefore, the team concluded that the waste vegetable oil collected by the 

Dining Services is within the acceptable acidity levels, and can be used as a fuel option. 

Cleanliness Research 
One of the issues previously mentioned is the cleanliness of the oil. The oil that comes out of the Dining 

Services fryers has large quantities of particles of varying sizes which can potentially be detrimental to a 

ōƛƻŦǳŜƭ ǾŜƘƛŎƭŜΩǎ ŜƴƎƛƴŜ. In order to address this problem, the oil must be properly filtered through micron 

level filtration before it can be used as a fuel.  One micron is .000001 meters and research has shown that 

in order to use vegetable oil as a fuel, it must be filtered down to at least 5 microns. If the oil is not filtered 

to this level, it can clog the car filter as well as deposit the particles in the engine. Over time, these particles 

will build up and eventually destroy the engine.  

Filter Research 

Types of Filters 

Since the waste vegetable oil from Calvin Dining Services is of a very low grade, it is essential to have a 

filtration system meets the fuel quality requirements. The team researched three different filtration 

processes to be used for the waste vegetable oil: settling tanks, bag filtration systems, and centrifuge 

systems. 

In a settling tank filtration system, the WVO will sit for a period of one to two months. During this time, 

waste particles will settle to the bottom because of a higher density than that of the oil. This results in 

better quality oil at the top of the settling tank. This better quality oil can then ōŜ ŘǊŀƛƴŜŘ ŦǊƻƳ мέ ōŜƭƻǿ 

the top surface, and the sludge at the bottom of the tank can be drained from the bottom (see Tank 

Dispense). The process is simple and requires minimal operation as gravity will do the majority of the 
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work. The settling tanks also provide a means of storage for the oil. The suggested tanks to be used for 

settling are IBC totes which each hold 330 gallons (see Fuel Storage). 

Bag filtration systems are another common filtration method. A filter is placed in a housing, and the fluid 

is then pumped through the system while the bag collects waste particles. Filter bags come in different 

removal ratings, ranging anywhere from one micron to eight hundred micron. The quality required for the 

filtered vegetable oil is five micron. Upfront cost for a bag filtration system is relatively high priced at $575 

when purchased from Fryer to Fuel.8 The bag filters are each around $5, and the frequency that they will 

need to be replaced depends on the amount and quality of waste vegetable oil being pumped through 

them. The set up for the bag filtration system is to have three staged filters; the first filter will be two 

hundred micron rating, the second will be fifty micron, and the third will be five micron. 

Another filtration method that the team researched was centrifuging. A centrifuge is a machine that spins 

the oil close to 3000rpm which forces all of the floating particles to the outside of the bowl and then 

catches them in a tray or on the side of the bowl. Centrifuges are very efficient at filtering oil. Running a 

batch of WVO through a centrifuge two or three times will filter the WVO down to less than one micron 

which is well in range of the the 5 micron minimum requirement. Centrifuges are also much quicker than 

other filtering alternatives. Centrifuges can process approximately 30 gal/hr whereas bag filters can take 

multiple hours to process a few gallons and settling tanks can take weeks or even months to completely 

process a large batch of oil. Another benefit of using a centrifuge is cleanliness. Centrifuges need to be 

emptied roughly every 30 gallons, a very quick and easy process.  In addition, they have to be completely 

cleaned after approximately 300 gallons. This makes the possibility of having creating mess fare more 

unlikely than working with the bag filters which have to be changed out every 200 gallons if high quality 

oil is put through them or every 20 gallons for poor quality oil. Unfortunately, the down side of the 

centrifuges is their price. Although only one centrifuge is required for the process, they can cost between 

$1000-$2000, far higher than the filter bags or settling tanks. 

Case Studies 

Four different case studies were analyzed to determine which combination of filtration units would 

provide the optimum filtration system. The first case study involved a filter process that started with 

settling tanks and then went to a centrifuge. The positives about this process are that it is a clean and easy 

process to operate, while the negative is that it has a large upfront cost due to the cost of the centrifuge. 

The second case study is filtration through settling tanks to a bag filtration system. This case has a lower 

upfront cost than the first case, but the cleaning procedure for the filter bags is more difficult than that of 

the centrifuge. The third and fourth cases use just a centrifuge or just a bag filtration system, taking out 

the settling tanks. The positive of each of these is that there is reduced floor space, but the negative is 

that they both require more cleaning and operating time. The centrifuge and bag filtration system are 

required to do much more of the filtering because the settling tanks are not filtering the initial waste 

particles out of the system. Cost models were developed for each case, and a comparison of upfront costs 

and operating costs of each case in Figure 10. 

                                                           
8 http://fryertofuel.com/  

http://fryertofuel.com/
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Figure 10: Case Study Cost Models 

The team decided that the first case study, settling tanks and a centrifuge, provided the best filtration 

system design to be used to filter the waste vegetable oil. The team believes that this case provides the 

most fail-proof system and easiest system to maintain. The operating costs are lower than that of any 

other case. The upfront cost is high because of the centrifuge, but the lower operating cost and the ease-

of-use overrule the upfront cost difference. 
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Appendix I-C. Future Considerations 

Additional Fuel Sources 
Due to limited accessibility of attaining WVO from only Calvin College dining halls, alternative fuel sources 

were required to provide enough fuel to run the converted vehicle without fuel outage.  Hence two 

different methods were considered, getting more WVO from other college dining halls nearby that run by 

the Creative Dining Services, and convincing local restaurants to donate their WVO.  The attempt made 

to Creative Dining Service to get more WVO from other colleges was not successful due to different 

regulations and methods each school follows on disposing their WVO.  Richard Balfour, Director of Dining 

Services at Calvin College, via email said that it would be hard to get WVO from other college dining halls 

not only because they have their own ways of taking care of WVO, but also transporting the WVO almost 

daily would also be the major concern since they would not want to store WVO for longer than a few days 

especially during warm weathers.  However, the second method of getting more WVO through local 

restaurants was partly successful.  A few smaller restaurants were willing to donate their WVO without 

any compensation as long as their WVO is regularly taken care of by Calvin College.  It was estimated by 

business owners that approximately 2-5 gallon of WVO would be provided each day per restaurant, so 

minimum of twice a week pick up is suggested.  It was hard for larger sized (Franchises) restaurants to 

share their WVO due to regulations by each company they follow.  A couple of restaurants including 

Marado on 28th street, Tokyo Grill on 44th street gave positive response towards donating their WVO. 
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Appendix II. Vehicle Selection 

Summary 

Introduction 
After choosing WVO as the fuel source, the team was tasked with determining what vehicle to convert to 

run on WVO. This decision was restricted to diesel vehicles, which may be converted to run on both WVO 

and diesel fuel sources.  This appendix outlines the vehicle decision criteria, vehicle choice, and process 

for converting the vehicle to run on WVO. This appendix also outlines the costs of conversion and the 

ongoing maintenance of the vehicle. 

Procedures 
In order to select a vehicle, a number of criteria were collected and analyzed using a decision process. This 

weighed the benefits and detriments of a number of proposed vehicles based on annual operating hours, 

campus visibility, campus importance, user friendliness, difficulty of conversion, and cost. These criteria 

examined both the upfront and maintenance costs of the machine. Additionally, this required a collection 

of diesel vehicle data from the Calvin College Physical Plant and communication between the WVO 

conversion kit vendors, the vehicle operators, and the vehicle mechanic.   

Data & Calculations 
As mentioned, data was collected on the availability of diesel vehicles at Calvin College and the annual 

operating time of each. This was necessary in determining a vehicle for conversion when considering the 

annual quantity of WVO available for fuel, after losses from processing. In addition to the vehicle selection, 

data was collected in response to the necessary criteria for a WVO conversion. In order to properly 

implement WVO as a fuel, the WVO must be heated to a minimum temperature of 160°F prior to 

introduction into the diesel injectors. This is to allow proper flow by reducing the viscosity of the fuel as 

the temperature increases. Similarly, the engine must be flushed of WVO from all fuel lines before final 

shutdown of the vehicle. In regards to this, a vehicle must be equipped with a secondary heated WVO 

tank and a supply valve in order to properly switch from diesel to WVO at the desired temperature and 

prior to shutoff. This data is provided in detail in the following report.  

Results 
The results obtained for this project provide the possibility and reinforce the feasibility to operate and 

convert a 2006 Toro GROUNDSMASTER 4000-D lawnmower using a WVO feedstock from the campus 

dining hall waste. This may be seen on the following page in Figure 8. A conversion kit will be purchased 

to include the necessary components for the conversion. A secondary tank will provide 8.7 gallons of 

heated WVO, amounting to approximately 5.5 hours of operation time. In order to provide safety to the 

operator, a safety cover will also be purchased to house and cover the heated tank on all external surfaces. 

With the WVO feedstock provided from the campus dining halls at no cost, this provides 1300 gallons of 

diesel fuel savings, amounting to approximately $4000 of diesel costs eliminated annually. The 

maintenance associated with this conversion amounts to one hour of monthly mechanic work, the 

purchase and implementation of fuel injector additives, and a monthly fuel filter replacement. 

Future Considerations 
Additionally, this project provides the feasibility and information needed to convert and operate an 

additional vehicle on WVO, specifically one purposed for off-campus use. This choice required the 

investigation of additional fuel sources, and several local Grand Rapids restaurants were contacted with 
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regard to their willingness to provide additional WVO feedstock. For this selection, a 2002-2006 Dodge 

Sprinter Van was chosen, providing a large transport capacity and high visibility both within and outside 

of campus. With the addition of one local restaurant to the WVO supply, this transport vehicle has the 

ability to run for 24,000 miles a year and provide additional cost savings for the college. 

 

 

Figure 11: Calvin College 2006 Toro GROUNDSMASTER 4000-D 

Conclusion 
This project proposes the conversion of the Calvin College 2006 Toro GROUNDSMASTER 4000-D (see 

Figure 11: Calvin College 2006 Toro GROUNDSMASTER 4000-D). This vehicle choice is ideal, having a 

Kubota diesel engine, operating for over 800 hours per year, dormant during the winter season, an expired 

warranty, and being a relatively nonessential vehicle in the event of necessary maintenance. Additionally, 

this vehicle is highly visible on campus and will provide a simple conversion process that may be duplicated 

for another lawnmower if the fuel is available. 

This vehicle conversion amounts to an equipment cost of $1935 and a labor cost of $360 for 8 hours of 

conversion labor. The conversion kit will be supplied by Greasecar Vegetable Fuel Systems (see Figure 15: 

Toro GROUNDSMASTER 4000-D Fuel System Layout) and the labor will be supplied from the Calvin College 

Physical Plant. This project requires an upfront capital investment of $2295 for proper vehicle conversion 

and $76 per month of maintenance costs. 
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Appendix II-A. Criteria Influencing Decision 

Criteria Influencing Decision 

Cost of Conversion 

The cost of conversion was essential to the future of this project and was therefore given a high priority 

in the decision matrix. In order to properly implement the project the upfront costs of converting the 

vehicle must be relatively low. Additionally, the cost of this conversion will influence how to proceed 

further if the project is successful and if another vehicle will be implemented. 

Difficulty of Conversion 

The difficulty of the conversion process was also very influential to the choice. However, the difficulty in 

converting WVO is relatively small and most of the conversion kits offered by vendors are marketed as 

do-it-yourself. Therefore, the difficulty for a mechanic to implement this system is relatively small, but 

must still be considered when evaluating the vehicle. 

User Friendliness 

The team required that the conversion process be relatively simple and easy to use for the operators of 

the vehicle. In order for the vehicle to be properly implemented, it must be easily handled by all operators, 

regardless of experience, skill, or age. Therefore the friendliness of the conversion process took an effect 

in the final vehicle choice. 

Seasonal Usability 

The seasonal usability of the vehicle was also a factor for proper WVO implementation. Because WVO is 

required to be heated prior to fuel implementation, it was necessary to factor in this additional time and 

difficulty from vehicles operated during winter months. Additionally, a seasonal vehicle provides the 

opportunity for fuel storage and processing throughout the dormant months, while continuing to process 

throughout the active season. 

Vehicle total time of Use 

The total annual usage of the vehicle was important when considering a vehicle, because it narrows the 

choice to vehicles which will provide a large diesel fuel savings and therefore cost savings to the college. 

Additionally, this will provide a shorter payback period, and therefore provide a much more financially 

viable option towards the overall project.  

Maintenance/Failure Probability 

Alongside cost, the maintenance and failure of the vehicle was the leading criteria in the vehicle decision. 

If the conversion process is to be successful, the maintenance required must be minimal and must not 

overcome the cost savings of the project. Therefore, the team required a vehicle with a very simple 

conversion process in which the possibility for error and failure was minimized.   

Visibility 

In order for the vehicle to be properly assimilated into the campus, the team required that the visibility 

of the vehicle also be considered. Because the project focuses on a sustainable initiative and promotes 

both a cost savings and a fuel savings, the vehicle must be visible to campus visitors and students. 

Influence of fuel team on vehicle choice 

The fuel processing also played a large role in vehicle selection by limiting what fuel will be implemented 

and what supply is available for operations. This limited the choice significantly.  
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Appendix II-B. Vehicle Selection Process 

Choice of Diesel Vehicle 
Because the choice was WVO as a fuel source, this necessitates that the vehicle to be used run off of diesel 

fuel. Vegetable oil may be used in diesel engines so long as it is first heated to a temperature of 160°F. A 

benefit of converting a diesel engine to run off of WVO is a reduction of emissions, including reduced 

carbon monoxide emissions by 47%9. An engine converted to run on WVO is, however, limited to start on 

diesel fuel until the WVO is heated to the correct temperature. The engine must also be purged with diesel 

fuel before the machine may be shut off.  This is due to the fact that any extra, unburned WVO left in the 

ŜƴƎƛƴŜΩǎ ŎȅƭƛƴŘŜǊǎ Ŏŀƴ ƎǳƳ ǳǇΣ ŀƴŘ ŦǊƻƳ ŀ ƭƻƴƎ-term perspective, potentially damage the engine. Due to 

the need to reach a higher temperature, along with the damage that can occur if the WVO is allowed to 

cool in the engine, it is more difficult and there is therefore more risk involved with running a vehicle off 

WVO during the colder seasons of the year, such as winter.   Furthermore, due to the necessity of starting 

and stopping on diesel, a vehicle that runs for an extended period of time, without being shut off, is 

preferred.  Because of these factors, a vehicle that runs for an extended period of time during the summer 

would be an ideal choice to convert to run from WVO. 

/ŀƭǾƛƴΩǎ 5ƛŜǎŜƭ CƭŜŜǘ 
There are a wide variety of vehicles owned and operated by Calvin College that run from diesel fuel.  Figure 

7: Various Vegetable Oil Qualities shows a list of these vehicle options.  

Table 4: List of Diesel Vehicles at Calvin College 

Toro GroundsMaster 4700-D Lawnmower 

Toro Groundsmaster 4000-D Lawnmower 

Toro Groundsmaster 4000-D Lawnmower 

Toro Groundsmaster 3280-D Lawnmower 

Toro GroundsMaster 325-D Leaf Blower 

Toro GroundsMaster 328-D Leaf Blower 

CAT 924 Front End Loader 

CAT 914 Front End Loader 

CAT IT420E Backhoe 

Ingersol-Rand Pettibone 

Kubota L4610 Tractor 

John Deere 710 Small Tractor 

Ford Sterling SL7501 Plow Truck 

Ford F800 Dump Truck 

Ford F600 Dump Truck 

 

                                                           

9 http://kvkpriyavaishu.synthasite.com/resources/Emission%208.pdf 

 

http://kvkpriyavaishu.synthasite.com/resources/Emission%208.pdf
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Not surprisingly, the usage of these different vehicles varies. The team researched and obtained yearly 

operating hours for the major groups of vehicles. The results of the research can be seen in Figure 12: 

Operational Hours of Major Diesel Vehicle Groups at Calvin College. 

 

Figure 12: Operational Hours of Major Diesel Vehicle Groups at Calvin College 

 

Lawnmower Model Choice 
As previously mentioned, a vehicle that runs for extended periods of time during the summer would be 

the ideal candidate.  It can also been seen from Figure 12 that the lawn mowers at Calvin College are used 

for the greatest amount of time. Because of this, along with fact that the lawn mowers are not used in the 

winter, the team chose to focus on what it would take to convert a lawn mower to run off of WVO.  

There are three different types of lawn mowers currently being used at Calvin College. Their yearly usage 

data is shown below in Figure 13.   

 

Figure 13: Yearly Usage of Lawn Mowers at Calvin College 
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Since it leads in operational hours, is no longer under any sort of manufacturer warranty, and is highly 

visible on campus, the Toro GROUNDSMASTER 4000-D was selected. An additional advantage to selecting 

the Toro GROUNDSMASTER 4000-D is that, in the event of needing maintenance, there are other lawn 

mowers that can replace the missing machine.  Further reasons proving the Toro GROUNDSMASTER 4000-

D to be the best option for conversion are detailed below. 

Conversion Research 
In order to obtain a better understanding of what the lawn mower conversion process might look like, the 

team focused on finding other people who have done a similar conversion.  The team believed that to 

pioneer the conversion of a Toro GROUNDSMASTER lawn mower to run on WVO was an unacceptable 

option, due to the fact that it would require much more monetary investment and time in order to work 

well.  When researching if others had converted a lawnmower to run from WVO, the team came across 

Bowling Green State University located in Ohio.  Bowling Green State University has created their 

lawnmower conversion kit from scratch, shown below in Figure 14.  The team contacted Bowling Green 

State University, and after discussions with the person who had performed the WVO conversion, the team 

decided that creating a WVO system from scratch was not ideal. This came from the large amount of trial 

and error involved in creating a unique system.  As building a WVO system from scratch was not a good 

idea, the team looked for systems that already existed.  Only a select number of different companies exist 

to create WVO systems.  The first was Full Circle Fuels/Gold Coast Fuel Systems.  Full Circle Fuels has been 

creating WVO systems since 2005, and has already converted a Kubota engine that is similar to the engine 

that is used in the 4000-D, which is the engine of the lawnmower used on campus.10  Also, the owner of 

the company lives off the grid, and runs a generator and utility vehicle on WVO, both of which have Kubota 

engines similar to the Toro GROUNDSMASTER  4000-D. A second company researched was Greasecar. 

Greasecar, located in Massachusetts, has been manufacturing and selling WVO system kits since 2000, 

and therefore has a very good reputation for providing an extremely robust and reliable system.11  

 

Figure 14: Bowling Green State University WVO converted lawnmower 

                                                           
10 "Welcome to Full Circle Fuels." Full Circle Fuels. N.p., 2012. Web. 02 Dec. 2013. 
11 "About Greasecar." Greasecar Vegetable Fuel Systems. Greasecar, 2010. Web. 02 Dec. 2013. 
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Choice of Toro GroundsMaster 4000-D 
The team decided to choose the Toro GROUNDSMASTER 4000-D lawnmower for several reasons.  The 

first reason is that lawnmowers have the longest operation time of any diesel vehicle on campus, as shown 

in Figure 12: Operational Hours of Major Diesel Vehicle Groups at Calvin College.   

Another reason that the team chose to go with the 4000-D was that Calvin has two of the 4000-D 

lawnmowers currently in use.  This means that if something were to happen to the lawnmower converted 

to run on WVO, there would still be an alternate lawnmower of the same size that could fulfill its duties 

while it was down for maintenance.  Having two of the same model lawnmowers is also an advantage, 

because if the conversion to WVO is successful on one mower, then there could be the possibility of easily 

converting the other to run on WVO.  Also, Table 5 ǎƘƻǿǎ ǘƘŜ ǿŀǊǊŀƴǘȅ ǎǘŀǘǳǎ ƻŦ /ŀƭǾƛƴΩǎ ƭŀǿƴƳƻǿŜǊ ŦƭŜŜǘΣ 

as well as when each mower is expected to be replaced. 

Table 5 shows that the two 4000-D lawnmowers are due to be replaced in 2014 and 2015.  However, after 

speaking with the Physical Plant, it was determined that if the mowers were to be used for a WVO 

conversion, their years of replacement could be pushed back by 2-3 years, or even more dependent upon 

how well the conversion works12.  Other reasons that the team chose to go with the 4000-D was that it is 

highly visible on campus.  During the summer and at the beginning and the end of the school year, the 

mowers are out maintaining the lawns and are viewed by many people.  Also, the engines in the mowers 

are similar to engines that other people have converted to WVO, as previously explained. 

Table 5: Calvin's Lawnmower Fleet Warranty Status 

  

  

  

  

  

  

 

Conversion Component Sourcing  
After the vehicle was chosen and approved from physical plant, it became necessary to begin researching 

the exact methodology behind the WVO conversion process. For reliability purposes, the team chose to 

seek out a more experienced party to pursue this conversion. In this regard, there exists two major 

companies offering the services required: Frybrid LLC and Greasecar Vegetable Fuel Systems. Each of these 

companies market a do-it-yourself (DIY) kit for converting a diesel vehicle to WVO. These kits come with 

the required components and an easy to read schematic outlining the assembly process and labor 

necessary to adapt the engine. 

The team believes that purchasing a kit through one of these companies would be ideal especially in the 

event that any tech support is needed in the assembly process.  Furthermore, these companies provide 

tech support for maintenance along with vast amounts of online information for maintaining and repairing 

system components. Likewise, the components offered through these companies will simplify any 

purchases of replacement parts. All the components supplied in the kit, may be easily found through the 

                                                           
12 Van Berkel, Geoffrey. "Questions for you." Message to the author. 14 Oct. 2013. E-mail. 

Toro Grounds       
Master Model 

Model                
Year 

Current          
Warranty 

Year to be 
Replaced 

4000-D 2006 No Warranty 2014 

4000-D 2007 No Warranty 2015 

3280-D 2012 5-Year Warranty 2017 

4700-D 2012 5-Year Warranty 2020 
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company as individual, replacement parts. If the Calvin College Physical Plant were to develop a specific 

kit for the Toro mower, a secondary option considered, the risk and work inherent in this would not 

warranty the slight decrease in cost. In order for this kit to be assembled, a list of components would be 

needed and alterations to any purchased filters and valves would also be necessary to introduce a heating 

source to the WVO fuel stream. Although possible, the team viewed this solution as an unnecessary risk 

to the life of the mower and therefore opted to select a DIY kit from a reputable company, experienced 

in the conversion. 

After contacting both companies via email, it became clear that Greasecar held the better customer 

service and was willing to assist in troubleshooting. In addition to the community behind Greasecar, the 

company also offers a one-year warranty on all parts and kits purchased. This will provide a peace of mind 

in regards to the reliability of the kit, while also providing a security if an unforeseen problem was to 

occur. Because there is very little experience or knowledge in converting a lawnmower to run on WVO, 

no specific kit is available for this model. However after further contact with Greasecar, Justin Carven 

(justin@greasecar.com), the company founder, recommended a general kit for this conversion and 

assured the team of the reliability of this kit. In order to supply the necessary kit, Justin emphasized the 

need for a complete fuel layout of the Toro system. This was found from the Toro service manual and may 

be seen below in Figure 15: Toro GROUNDSMASTER 4000-D Fuel System Layout. Similarly, the engine 

layout was necessary to locate the fuel injectors and coolant flow system. This may be found below in 

Figure 16: Toro GROUNDSMASTER 4000-D Engine Layout. 
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Figure 15: Toro GROUNDSMASTER 4000-D Fuel System Layout 


























































