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Figure 1, Biodiesel: fuel source of the future? 

http://upload.wikimedia.org/wikipedia/commons/e/e4/Biodiesel_3.jpg 

 

Introduction 
 
 Biodiesel has become an integral part of the discussion of renewable energy sources 

particularly on American college campuses. This paper will consider used food oil as a fuel 

source at Williams College with a specific focus on the feasibility of either manufactured 

biodiesel or waste vegetable oil (WVO) as replacements or supplements for petroleum-based fuel. 

Both WVO and biodiesel have potential for use on the Williams campus, though their 

applicability to the school depends on future trends in vehicle usage and fleet replacement. 

Despite this relative uncertainty, there is a definite place for used cooking oil at Williams and the 
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precedent set by other institutions of higher learning should serve as a model for the college’s 

future plans. 

 Biodiesel and waste vegetable oil are both produced or refined from used vegetable oil, 

though each with different degrees of difficulty and involvement. Biodiesel can be used in 

diesel-fueled vehicles without any modification of the engine. Additionally, biodiesel can be 

mixed with petroleum diesel to create different grades of fuel that are labeled based on the 

percentage of biodiesel in the blend; for example, B10 is 10% biodiesel, 90% petroleum diesel. 

This means that in times of biodiesel scarcity, vehicles can use a mix of fuels and still function 

the same way.  

Though biodiesel has advantages in terms of its flexibility and applicability, the process 

to create it is more complicated than WVO. Biodiesel is created from animal or vegetable oil that 

is modified through a process called transesterification, during which triglycerides in the oil are 

converted to methyl and ethyl esters and glycerin. First, the used vegetable oil must be filtered 

for food scraps and solid waste particles. The oil is then heated to remove water and titration 

must be performed to determine how much sodium hydroxide (NaOH) and methanol catalyst is 

needed. A mixture of NaOH and methanol is then mixed in to the waste oil. The NaOH can be 

procured in the form of lye drain cleaner while methanol is commonly found as gas tank 

antifreeze. The glycerin that is produced must be removed through a process of washing and 

drying before the biodiesel can be used as a fuel.  

 In comparison, waste vegetable oil production is much easier, though its applicability to 

vehicles is dependent on the conversion of the existing diesel engine. The process of creating 

WVO is incredibly simple: collect the used vegetable oil and filter the particles out of it. 

Modifying a diesel vehicle to run on vegetable oil requires the addition of an additional tank to 
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contain the WVO and the installation of apparatus that allows the burning of both diesel and 

vegetable oil in parallel. Conversion kits for vehicles are readily available, though the models 

they are designed for are limited in number. A vehicle cannot run on WVO alone; it must start 

and stop on diesel because the engine has to be warmed up and the oil must be heated before use. 

As a result, WVO is not ideal for use over short distances, especially with intermittent turning on 

and off of the engine as this would defeat the purpose of using the waste oil.  

 Both biodiesel and WVO present significant benefits in terms of ease of acquisition and 

emissions reductions. Waste food oil can be obtained from any restaurant or dining hall that uses 

vegetable oil for frying food; generally this waste oil is either disposed of or given away, so there 

is no cost to obtaining this fuel source. Regarding emissions, biodiesel is the only alternative fuel 

source to have completed the EPA’s Tier I and Tier II health effects testing under the Clean Air 

Act. These tests demonstrated significant reduction of nearly all regulated emissions and showed 

biodiesel does not pose a threat to human health. Additionally, a U.S. Department of Energy 

study showed that the production and use of biodiesel, compared to petroleum diesel, resulted in 

a 78.5% reduction in carbon dioxide emissions (Benefits of Biodiesel, 2009).  

Waste vegetable oil has been found to reduce the amount of particulate matter, 

hydrocarbons, and carbon monoxide in exhaust without any significant increase in the amount of 

nitrogen oxide produced (Wilson and Vojtisek-Lom, 2004). Performance and fuel economy for 

both biodiesel and WVO is roughly equivalent to petroleum diesel, though the use of high 

percentage biodiesel blends can impact fuel system components in older vehicles, primarily fuel 

hoses and fuel pump seals that contain elastomeric compounds that are incompatible with 

biodiesel (Biodiesel Performance, 2007). Despite this concern over degradation of parts, the 

Magnuson-Moss Warranty Act, passed by Congress in 1975, prohibits auto manufacturers from 
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refusing to honor a warranty if their product has a problem not directly caused by burning 

biodiesel. In general, most companies will explicitly warranty blends of biodiesel ranging from 

five to twenty percent. The use of WVO, on the other hand, voids the majority of warranties 

because it involves the actual conversion of the fuel system. The consideration of manufacturers 

recognizing warranties is more of a concern with the WVO-fueled vehicles since they are a more 

recent and experimental phenomenon at this stage.  

Both biodiesel and waste vegetable oil have experienced interest and successful 

implementation at several institutes of higher education. Students at Wake Forest University 

have formed a nonprofit group to take over the waste vegetable oil collection and small-scale 

biodiesel production begun by university professors and hope to become a template for other 

student-initiated renewable energy projects. Luther College in Decorah, Iowa started converting 

used cooking oil into biodiesel in 2003; last year, 1,160 gallons at a production price of 80 cents 

a gallon were burned in college vehicles. At Illinois State University, waste fryer oil from 

residential dining centers is being converted into fuel for use in campus fleet vehicles.  A 50-

gallon batch of biodiesel, produced by undergraduate students, is currently being tested in the 

school’s recycling truck and the biodiesel will soon be used in other diesel powered vehicles.  

There is much less activity on the WVO front, but the Middlebury College Nordic ski team does 

use a truck (Fig. 2) that has been converted to run on waste vegetable oil from the school dining 

halls .  This converted pickup pulls a trailer filled with ski equipment that accompanies the team 

to all of their competitions. With these collegiate biodiesel and WVO projects, it is evident that a 

precedent has been set for Williams College to find an on-campus use for its used cooking oil.  
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Figure 2, The Middlebury ski truck and trailer 
http://www.middlebury.edu/media/view/111402/original/biotruck.jpg 

 

Setting 

 Williams College Dining Services purchases 14135 pounds of fryer oil annually. With an 

average specific gravity for vegetable oil of .92, this amounts to around 1560 gallons of waste 

vegetable oil per year. The school currently sends their WVO to Flying Pigs Farm, a premium 

pork farm in Shushan, NY, roughly 40 miles north-northwest of Williamstown. 55 gallons are 

donated every two weeks, which the farm uses to run two delivery trucks that have been 

converted to burn WVO. A brief conversation with the owner of Flying Pigs Farm revealed that 

this amount of oil wasn’t enough to power the two trucks for their typical delivery routes and 

that they had to rely on supplementary sources of WVO. Despite this current destination for the 

school’s waste oil, there is nothing that would prevent the use of our own WVO on campus.  

 Williams College owns and operates very few diesel vehicles. The majority are under the 

control of Buildings and Grounds in the form of one truck, two tractors, two backhoes, one 
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sweeper, two loaders, and five lawnmowers. According to Tim Reisler, the truck is the only on-

road diesel vehicle on campus and it is used as a plow during the winter months. While this 

current lack of diesel vehicles might initially present a problem in terms of fueling with biodiesel 

or WVO, the school tends to replace their fleet at least every decade and the majority of the 

previously mentioned vehicles were purchased in the late 1990s to the mid 2000s, suggesting 

that replacement of the fleet with more diesel vehicles is a distinct possibility in the near future.  

 In 2007, Williams College consumed 4545 gallons of petroleum diesel at an average of 

$3.01 a gallon for a total cost of $13,666.51. While some of this fuel is used in generators, the 

majority of it is used to power the college’s fleet of diesel-powered vehicles. This is the most 

recent data that could be acquired and will be used as a basis for evaluating the feasibility of 

WVO and biodiesel on campus.  

   

Method 

 The methodology of this study is in the form of a cost-benefit analysis. The costs for 

using biodiesel, WVO, and petroleum diesel were calculated over a ten-year period. This study 

assumes that the school will replace some of their gasoline-fueled on-road vehicles with diesel-

fueled ones. The cost of purchasing these vehicles was not taken into consideration, though in 

general diesel versions of the equivalent gasoline models are roughly the same so there would 

not be a significantly higher upfront cost when purchasing diesel vehicles. Additional 

assumptions included annual fuel consumption of 800 gallons, a stable price of petroleum diesel 

at $3.13 per gallon, no overhead cost of waste food oil, and a one-to-one ratio of waste vegetable 

oil to fuel conversion.  
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For biodiesel, costs include the purchase of a ready-to-run production kit and the continuous 

supply of chemicals (NaOH and methanol) that are used as catalysts. Production kits (Fig. 3) run 

from $4500 to $8500 depending on capacity. 

 

Figure 3, Example of biodiesel production kit 
http://ep.yimg.com/ca/I/yhst-58408316580279_2100_1247140 

 

The school produces roughly 30 gallons of waste oil per week so the smallest kit was used for 

estimations. The cost of the additional chemicals has been estimated at $0.50 per gallon of fuel 
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produced. Since biodiesel can be used as an analogue or in a blend with petroleum diesel, there is 

no cost associated with converting the vehicle. 

 For WVO, costs include the purchase of a conversion kit or a customized conversion 

installation for the vehicle and filtering equipment. Conversion kits (Fig. 4) range in price from 

$1000 to $5000, while Flying Pigs Farms indicated that their customized installations were 

between $3000 and $5000.  

 

Figure 4, Example of WVO conversion kit 
http://www.greasecar.com/prodimg/24%5Fkit%5Fredone%2Ejpg 

 

A median price was estimated at $3000. Oil-processing and filtering equipment costs around 

$1000. Since WVO-fueled vehicles still require some petroleum diesel to be burned during 

ignition and cool down, it was assumed that 5% of the fuel consumed by the vehicle would be 

petroleum diesel. 

For petroleum diesel, the cost included fuel at a price of $3.13 per gallon. 
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Results 
  
Table 1, Initial Costs 
 
Fuel Type Biodiesel WVO Petroleum Diesel 

Production Kit $4,500  $0 $0 

Conversion Kit 0 3,000  0 

Filtration 0 1,000  0 

TOTAL $4,500  $4000 $0 

 
Table 2, Annual Costs 
 
Fuel Type Biodiesel WVO Petroleum Diesel 

Gallons of Waste Oil 800 760 0 

Gallons of Petro Diesel 0 40 800 

Price of Diesel per Gallon $3.13 $3.13 $3.13 

Total Diesel Price $0.00 $125.20 $2,504.00 

Price of Chemicals per Gallon $0.50 $0.00 $0.00 

Total Chemical Price $400.00 $0.00 $0.00 

TOTAL $400.00 $125.20 $2,504.00 
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Table 3, 10 Year Costs 
 
Fuel Type Biodiesel WVO Petroleum Diesel 

Year 1 $4,900.00 $4,125.20 $2,504.00 

Year 2 $400.00 $125.20 $2,504.00 

Year 3 $400.00 $125.20 $2,504.00 

Year 4 $400.00 $125.20 $2,504.00 

Year 5 $400.00 $125.20 $2,504.00 

Year 6 $400.00 $125.20 $2,504.00 

Year 7 $400.00 $125.20 $2,504.00 

Year 8 $400.00 $125.20 $2,504.00 

Year 9 $400.00 $125.20 $2,504.00 

Year 10 $400.00 $125.20 $2,504.00 

TOTAL $8,500.00 $5,252.00 $25,040.00 
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Figure 5, Graph of Annual Totals 

 
 
Table 4, Percentage of Replaceable Petroleum Diesel 
 

 

Annual Petroleum 
Diesel Consumption 

Potential Biodiesel 
or WVO Production 

Percentage of 
Replaceable Petro Diesel 

Amount in Gallons 4545 1560 34.32% 

 
Discussion 
 
 It is evident that use of either biodiesel or WVO would present the school with significant 

monetary savings compared with the use of petroleum diesel as a fuel source for an on-road 

vehicle. While the initial costs of biodiesel and WVO are significantly more than that of a 

traditional diesel vehicle, biodiesel is $16,540 cheaper over the course of ten years and WVO is 

$19,788 cheaper over the same amount of time. Since the school only produces enough waste 

food oil to replace 34.54% of the annual petroleum diesel consumption there is not enough 

potential biodiesel or WVO available to completely replace the school’s fleet requirement for 

petroleum diesel fuel. Despite this inability to fulfill this requirement, the 1560 gallons of WVO 
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or biodiesel that could be produced annually would be nearly enough to fuel two on-road 

vehicles, given the estimated 800 gallon annual fuel consumption.  

 
Conclusion 
 
 Both biodiesel and WVO have potential for use at Williams and Dining Services’ waste 

frying oil should definitely be used for an on-campus application. Biodiesel and WVO have 

distinct advantages and disadvantages that the school must weigh in order to make a decision 

about which fuel to use in the future. In general, biodiesel can be used in the school’s existing 

fleet of diesel vehicles which includes lawnmowers, backhoes, and tractors, many of which don’t 

currently have WVO conversion kits available. The ability to combine the biodiesel with 

petroleum diesel may appeal to Buildings and Grounds, especially considering the inability of 

the school’s waste oil to completely fulfill the annual demand for diesel and the relative 

difficulty of producing biodiesel in comparison to WVO. In times of biodiesel scarcity, the 

school could just resort to petroleum diesel as a fuel source.  

The use of WVO as a fuel source would require more initial modification of equipment, 

which would be especially difficult with the majority of the existing diesel vehicles given the 

lack of WVO conversions for off-road vehicles such as lawnmowers and tractors. Additionally, 

once the vehicles are converted to run on WVO they will always remain committed to it as a fuel 

source. In times of waste oil scarcity, the school would be forced to search elsewhere for 

potential sources, just like Flying Pigs Farms does for their two delivery trucks. Given the 

inefficiency of WVO during short distances and intermittent turning on and off of the engine, the 

practicality of its use as a fuel source in Buildings and Grounds’ off-road vehicles is questionable.  
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The replacement of the college’s gasoline-fueled on-road vehicles, such as cars, minivans 

and 12-passenger vans, with diesel-fueled equivalents would be an important first step for the 

use of either biodiesel or WVO. This new fleet of vehicles would immediately be able to 

consume biodiesel or be converted to burn waste food oil. Without this replacement of the 

Williams fleet, the options for the school to use waste oil are much more limited. In a no 

replacement scenario, the production of biodiesel would be better for the college since the 

existing vehicles would be able to use it as a supplement to the currently burned petroleum diesel 

without any modifications. The inability for waste food oil to completely fulfill the school’s 

demand for diesel fuel is another important consideration, since the conversion of a vehicle to 

burn WVO would reduce its flexibility as a campus vehicle because of its inability to burn 

multiple blends of diesel.  

While biodiesel does make the most sense given current conditions at Williams, the 

conversion of the existing plow truck to burn WVO is a definite consideration since it is the only 

on-road diesel vehicle suitable for conversion in the college’s fleet. The amount of waste food oil 

at the school would be more than enough to power the truck and the surplus could still be sent to 

Flying Pigs Farm. The use of WVO in the truck would serve a similar purpose as the truck used 

by the Middlebury Nordic ski team, providing the school with an on-campus user of WVO and 

positive publicity about its sustainability efforts. Admittedly, the inability of the plow truck to 

travel long distances compared to the Middlebury vehicle might reduce fuel efficiency and 

undermine efforts to reduce petroleum diesel consumption. 

WVO and biodiesel have potential for use at Williams, though their applicability to the 

college depends on future trends in vehicle usage and fleet replacement. Given the school’s 

current policies, biodiesel is a smarter choice given its ability to be used in existing diesel 
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vehicles. If the school were to buy more diesel vehicles in the future, however, it would have to 

make a decision between WVO and biodiesel based on convenience and the availability of WVO 

conversion kits for the vehicles.  Nevertheless, there is a future for used cooking oil at Williams 

and hopefully administration will be cognizant of the potential applications for it on campus.  
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Appendix 1 

Inventory of all Williams College Diesel Vehicles 
 
Owner ID Number Year Acquired Model Purpose 

GROUNDS 

 

? Toro 325D RIDING LAWNMOWER 

GROUNDS 

 

? Toro 455D  RIDING LAWNMOWER 

GROUNDS T02 1997 FORD F350 DUMP 

GROUNDS T19 1998 KUBOTA B21 LOADER/BACKHOE 

GROUNDS T15 1999 KUBOTA L4310 TRACTOR 

GROUNDS T05 2002 KUBOTA L3710H TRACTOR 

GROUNDS T13 2003 KUBOTA L4330 TRACTOR 

GROUNDS T20 1991 JOHN DEERE 310 LOADER/BACKHOE 

GROUNDS T16 1996 JOHN DEERE 244E LOADER 

GROUNDS T16A 1999 KUBOTA R410 LOADER 

GROUNDS T14 2000 SWARZE W4500 SWEEPER 

GROUNDS 

 

? Steiner 430 RIDING LAWNMOWER 

GROUNDS 

 

? Toro 4100  RIDING LAWNMOWER 

GROUNDS 

 

? Toro 4500D RIDING LAWNMOWER 
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Appendix 2 

Diesel Deliveries for Vehicles, Year 2007 

Date  Quantity Cost Building 

01/18/07 86 $243.02 B & G North 

02/13/07 100 $276.40 B & G North 

03/02/07 467 $1,334.35 B & G North 

03/22/07 335 $955.76 B & G North 

04/19/07 286 $830.25 B & G North 

05/07/07 273 $791.67 B & G North 

06/14/07 441 $1,280.22 B & G North 

07/10/07 440 $1,279.65 B & G North 

07/26/07 475 $1,401.21 B & G North 

08/16/07 287 $848.10 B & G North 

09/06/07 302 $892.40 B & G North 

09/21/07 307 $952.62 B & G North 

10/18/07 257 $823.49 B & G North 

11/08/07 182 $638.59 B & G North 

11/29/07 102 $372.32 B & G North 

12/13/07 205 $746.46 B & G North 

TOTAL: 4545 gallons $13,666.51 

  

 


