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Introduction
During the fall of 2014, the Engineering 333 claigsd | 41 SR G KS [jdzSadA2y > agKI
College to operate a biofuel vehicle from campus resouttes. ¢ KS G KNBES LINAYI NBE O2ya

1 Determining the optimal biofuel feedstock in terms of availability, transportation pandessing.
9 Selecting a biofuel vehicle for conversion or purchase to operate on the selected feedstock.
1 Designing the infrastructure and process required for operating the selected biofuel vehicle.

The design and research described below proposes ancemméntally sustainable and cesffective
YSGK2R FT2NJAYGSaANI GAy3a || o0A2Fdz2St OSKAOES Ayidaz /I f

Procedures

The execution of this project was accomplished by dividing the team into foutesmfis, with a
representative from eaclgroup to coordinate all activities among the groups plan the final report and
presentation. A listing each siam and their primary objectives is as follows:

1 Feedstock/Fuel Production
1 Vehicle

1 Infrastructure/Facilities

9 Future Planning

The Feedstock/Fuéiroduction team chose Waste Vegetable @iMO) per the decision matrix Trable

3: Fuel Decision MatrixThis decision narrowed the vehicles to diesel engine chainbs After the fuel

was picked everything could begin motion. Several processes were examined which aireeexpléhe

Filter Researctin Appendix 1B. These proesses were backed by experienced WVO users found on
forums.Figurel: Overall Process for Biofuetdfect shows the process after the feedstock was chosen.
The next gestion 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.

Transportation Processing Biofuel Vehicle
_______ Plant
| Feedstock | oy, mo_, N e
ifesdstock— @ | @ sl i Application |
adarl

i

Maste

Figurel: Overall Process for Biofueblect

Data

WVOhad been previously collected by Darling International. They gave weights for every month for the
last three years and those were convaitto gallons and can be seerFigurel. This gave overall fuel
production for every month which would be enough to run one lawn mower.

1 Huen, Matthew. Biofuel Vehicle Project Overvi€alvin 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 pdrin about three and a half years as seeFRigure2.
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Figure2: Final Design Breakeven Point
Conclusion

From a financial and environmentaérspective this project is feasibleigure3 shows the overall

process diagram filled in. The dining halls are the feedstock, with an already existing recyckng tru
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 thesed on campus lawngll in all, the team proposes that

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

Figure3: Filled in Overall Procefs Biofuel Poject

Future Considerations

Figure3 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 widllibe 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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Appendx |. Fuel Selgion

Summary

Introduction

TheFeedstock/Fuel Production stitbam was taskedith investigating the best possible biofuel resource
F@FAtLrotS 2y [ |t @ Keferminddthe Spnfalwiay o filthaticllAar futugdlRe 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 chosent®ease in processing and low overall cost compared

to other resources.

Procedures

The first task for the Feedstock and Fuel Productiobteam was to find a fuel. Four fuel possibilities
were researbed along with their sources: ethane from compos{seeMethane), ethanol from grass
clippings(seeEthano}, biodiesel fromWWO (seeBiodiese), and pure WVO(seeWaste Vegetable O)l
Each potential dedstock was researched extensively. Results weeedacisim matrix (seeTable3).
Critical design constraints to the final feedstock selectimtuidedupfront cost, ongoing cost, and cost of
retrofitting or rebuilding an engine for a vehiglgeeTable2).

Having selected a feedstock, the Feedstock/Fuel Productiobteam began analyzing various
alternatives for cleaning the fuel. Onlifrumswere valuable sources afformation becausehey were
written by individuals with experience in the filtration of WM@ the end, hree main options arose:
covered filters, settling tanks, and centrifigy@fter more indepth study of the WVO quality coming from
the dining halls, it was deemed thiatline filters would have very high operating and maintenance costs
Filtration purely bysettling tanks would have higherupfront coss than filters and also require extensive
warehouse capacity and additional labor. Finallgeatrifuge wouldhavethe highest upfront cost, bu
the quickest processing time. To narrow down the decision, the teaked at financial case studies of
filters only,a centrifuge and filter, and doing these two processes wibhsattling tank.

A third consideration of th Feedstock and Fuel Production gsebm was the WVQ@addity, due to the
presence ofatty acids in the oil. Tests were done andbetually, it was concluded that the WVO acidity
level was within a tolerableange without the addition of baking soda

Data& Calculations

WVO from the dining halls is collected currentlysbgompany calle®arling International Figure4:
Waste Vegetable Oftroduction @tashows volumelata with a running average from the last three
years and an overall average to show gussible supplgapacity The Facilities andftastructure
portion of the report will dscuss in greater detail the necessam@rehousespaceto manage this
amount of WVO productio(see



Appendix Ill. Facilities & Infrastructure Selec}ion
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Figure4: Waste Vegetable Oftroduction &ta

Conclusion

Waste Vegetable Oil was the chosen fuel for the on campus vehicle. The chosen filter and cleaning method
wasa combination of darge filter,severalsettling tanls, anda 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 problenfsr the vehicle engine

Future Considerations

In the future,there may be neeaf 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 am @advides transportation.

Refer toAppendix iC. Future Consideratiorigr further information.
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Appendix-A. Fuel Selection Process

Methane

Source

Methane was one obiofuel options researched by the Feedstock/Fuel Production -sedm. Most
commonly, it isproduced using anaerobic digestdoecause they increase the speed and efficiency of
production. In summary, rathane is produced in an anaerobic digester through the breakdown of
biological wasteBacteria feed on the biological wastnd in the absence okygenmethane is produced

as a byproductAnotherbyproduct of this process is compgsthich could be used on the Cal@ampus

as a fertilizer for plants. A simplified diagram of the anaerobic digestion process is shokigure5:
Stagesn an Anaerobic Digester

Gas Out
Gas
Dome
Gas Storage
Scum ————» Scum Out
Supematont —» Supematant Out
Raw Sludge —) Active Digestion ‘7 Siudge
L > Heater
Digested Sludge
Storage
Digested Sludge Out.

Figure5: Stagesn an Anaerobic Digester

While researching methane, it was important for the teanineestigate 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 materiah campus consists gfrass clippings, woodchips, and
leaves during fall cleanp. The compost pile on campus takes a full two years for the compostable
material to be broken down. The benefit of a digesteruld ke the expedition othis process, decreasing

the retention time of the material t@pproximatelythree months.

Quality
The quality of the methane produced was also addressed by the team. One @itibal questions the
team looked into wasthow much nethane iscurrently produced from a giveamount of compostable

YEGSNRAFEKE [A1S6A4S83T | yhawiniud NethiadeSauidl hedprbduded usitig ohiNE & S

the compostable material available from campé3hroughresearch oflifferent types of corpostable
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 productiba big standout in cost for methane

is the upfrontcost 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 compostadilerial is essentially free, as it is
already being composted on campus. The cost of productitimeigfore broken down into labor costs

and digester operating costs.

Decision

After researching methane production, the team came up with pros and counsing methane as the

fuel source. Pros for using methane incldderelatively low production cost and the production process
that is easy to maintain. The cons of using methamge that it has a large upfront cost due to the
requirement of a digester tproduce 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 optiongseeTable3: Fuel Decision Matr)xIn the end, the team decided that rtiane was not

the best biofuel alternative

Ethanol

Ethanol is alsca biofuel source produced by breaking down the cellulose in various {dased
substainces. These substances are referred to as feedstock, or raw materials. Exanghbdmlethanol
feedstocks include: sugar cane, swiptass, potatoes, fruits, corn, grain, wheand cotton The
important factor in each potential feedstods its respective cellulose content. Wood chips, grass
clippingsand leaves can be used as feedstock, however, their reduced cellulose levels in comparison with
agriculturally farmed feedstock sources such as swit@ss, decreases their potential levalsfuel

output (seeTablel. Ethanol Yield Based on Cellulose Content

Tablel. Ethanol Yield Based on Cellulose CoAtent

Ethanol Yields of Selected dstecks

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

Corn Grain 124.4

Corn Stovel 113
Rice Straw 109.9

Cotton Gin Trasl 56.8
Forest Thinning: 81.5
Hardwood Sawdus 100.8
Bagasse 111.5
Mixed Paper 116.2
Switchgrass 96.7

2 http:/iwww.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 allacrosscampus. Permission was received to reallocate these resources if ethanol was chosen as
the fuel for this project.

Quality

Similar tomethane, theproductionof ethanol releasesa wastebyproduct In total, 80% of the feedstock

mass can be converted to useable ethandtjle the remaining 20%s removed intahe waste streant

This waste stream is composed mainly of water and ligigmirLis 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 fertiliz&r For the ethanol produced to be used as a biofuel, it must leave the
distillation procesgonsisting ofoughly 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 wastéhe final fuelvould require the use 05%to 15%gasoline
which wouldaccount for the majority othe ongoing costsEstimations of these monthly operating
expenses felbetween $200 and $5QQdepending on the vehicle and etharolgasolineratio. Pre
assemblednachinery for processing the feedstockwd cost around $10,000.

Collection & Storage

CalvinGrounds 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.

Feedstock

Feed
. Handler
ior r
Bioreacto it & Ethanol
Watee
“ Recovery
Scrubber » )
Synges '
Gasifier L —
(=
Ethanol
- - .y
Water Recycie
Loop

Figure6: EthanolProductionProces8

3 http://www.agmrc.org/commodities__products/energy/cellulosethanokprofile-2739/

4"The Potential Environmental Impact of Waste from Cellulosic Ethanol Productmnrial of the Air & Waste
Management Association

5 http://zfacts.com/p/85.html
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Figure 6: EthanolProduction Processshows the component:iecessary for producingthanol. The
average pocess an be stored in a 500 #@rea, or about the size of fourf8ot 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 rgasting
vegetable oil with an alcoholesultingin the production offatty 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 Podicy of 2005, which provided tax incentives for alternative
energy production.

Source

The sourcef the biodiesel would be the WVeéllected by Calvin Dining Services. The alcohol needed to
react with thiswVOwould have to be purchased, further increasthg overall cost of the biodiesel fuel
choice. The annuadlVOcollected by the Dining ServicéseeFigured: Waste Vegetable Ofroduction
Data) was found to be enough to providgpproximately 1,300 gallons of usable fudlhe storage and
production requirements of biodiesel would be identical to that of using waste vegetableaitlgdias a

fuel source(seeWasteVegetable O)l

Quiality

The team concluded that the quality of the biodiesel fuel would not be a concern for the biofuel vehicle
project, as the sel€ontained units are able to accept all levels of waste vegetable oil quality. As
mentioned previously, biodieseln be fueled directly into a standard diesel engine without any additional
modifications required.

Process

The final prauction 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 encouinigradditional problems. Howevethe complex
chemical process and equipment necessary to produce the biodiesel requiredvsigdll upfront coss.

In comparisonpiodiesel was roughly-8 times more costly than th&/VO (seéVasteVegetable Ol
Therefore, the teandecided uporacommonbatch methodfor implementation of tharansesterification
reaction. Other methods considered included supercritical processes, uisonic 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 gansive andthe potential safety risk whenusing the
necessansupercritical chemicalwas much higherThe 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 Bibiesel HTRwas the best option due to its low processing time and relatively low
cost. This unit would have a batch time abproximatelyeight hours, with only one hour of direct
processing time during which an operator wouleledto be present.

6 http://www.centralbiodiesel.com/en/
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WasteVegetable Oil
The fourth and final option for a biofuel was pumastevegetable oi(WVO) WVO iscommorly used by
NEAGF dzNI yiGas AyOf dzRA dildortheirfry@d y Qa 5AyAy3 { SNDAOSAX

Source

The team contacted Rick Balfour, avis the head of Dining Services, to see how he currently disposes of
hisWVQ While meeting with himhe revealed to the team thatll the used WVO is stored in two large
containers; one o the Knollcrestlining hall dock and the othemathe Commons dockOnce a montha
company named Darling International comes and pays Dining Services on a per pound basis to take the
oil and dispose of it properly.

Figure4 demonstatesthe data given by Darling International of the weight totals collected over the past
three years. From 2010 through 2012, the average slOproduced by Dining Services per month was
176.9 gallons. The 2013 projections are in line with this arvalak as well.

Quality

The continued use of WVO will gradually decrease its quality.qiidéy of the oil is criticdlor use ina
biofuelvehicleas using low qualittvVO willcause problems ithe engine. kfjh qualityWWVOwill be light
in color andhavevery small or ndloating particles(seeFigure7: VariousVegetableOil Qualities. In
contrast, low grade WVO will appear cloudy and dark in color and have visibly floatin¢skeegégure
7.

Figure7: VariousVegetableOil Qualities

Figure8is asample of Dining Services WVne Teft half of theimageshowsthat the darkness in the oil

color. The right half of the picturéllustratesthe settled particlesn the oil after havingettled for one

month. From these images is the used WVQyuality from Dining Serviceslmwverthand®  |j dz € A G & X |
denoted inFigure?. Likewise if this particularbiofuel were to beusedasa feedstock,it would require

heavy filtrationin order to improve its quality.

7 http://journeytoforever.org/biodiesel_svo.html#gnl
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Figure8: Dining Services Oil Sample

Costs

In order to determine the cost of acquiring the waste vegetable oil from Dining Sertfiedeam met

once again witlRick BalfourMr. Balfourinformed the team that Dining Services currently rece@.05

$0.06 per pound ofused WVOfrom Darling International. Thitotals to roughly $1500 annually.
Fortunately,Mr. Balfour indicated that Dining Services would be willing to part ways withattdgional
revenue at no extra cost to the college if the used WVO were to be used in a biofuel véHidie
potentially ongoing labor costs associated with the filtration system were seen as a potential downside,
WVO seemed the optim#iel source becageof its availability and loywurchased equipment costs

Fuel Decision

Table2 summarizes the overall cost analysis for each fuel option based foortigost, production cost,

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

Table2: 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, Cost of production equipment

Cost to ProduceCost of feedstock and materials needed in production

Cost to Outfit Vehicle Cost to modify vehicle

Ease of ProductiogCleanliness and simplicity of producing fuel

Production time; Amount of time from raw materials to finished fuel

Amount of Resources on Camgus dz Yy Ade 2F FSSRai201 F@FAflofS
Training Required for Future Productioh.evel of difficulty to teach someone tperate and
maintain production proess

Environmental Impaat Amount of waste resulting from production process

Cleanlinesg How clean the area will be as a result of the production

1 Access to Informatioq Availability of technology in the industry and the quality and quantity of
that data

=4 =4 =4 -4 -4 4 =4

= =4

Using the listed criteriorthe team created a decision matrix, which appear$able3.

Table3: Fuel Decision Matrix

Sale 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
TrainingRequired for Future Productior 0.05 6 6 8 8
Environmental inpact 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 inTable3 and Figure9, it becameevident that WVO was the most suitabdfuel option for
this project.
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Fuel Decision Matrix Results
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Ethanol Methane Biodiesel Vegetable Oil

Figure9: Fuel Decision Matrix Results
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Appendix-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 ofWAéOwas a large concern, as overly acidic olil
would lead to engine damage. The acidityhadf WVQis 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 filtetomg. Therefore,
determining the level of FFA in tNg¢VOprovided by Calvin Dining Services was of upmost importance in
the consideration of WVO asbofuel option.

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

safe amount. This test was a simple titration, usingermlphthaleirindicator, 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 &dion was then added drop by drop to an-@bpropanol mixture,

which included the penolphthaleinindicator. Once the oilsopropanol solution turned and remained

pink for fifteen seconds, the process was stopped and the milliliters of NaOH solutied &dd recorded.
.FASR 2y GKS GSIFYyQa NBaSINOK:I AF fSaa GKFYy H Y]
fatty acids in the waste vegetable oil was within the acceptable range. A result above 3.5 mL added is too
acidic, meaning the vegetabbil 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 Serviceis 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 comedtmiDafing
Services fryers hdargequantitiesof particles ofvarying sizes which can potentiabe detrimental to a
0A2TFdzSt @S K brdet tGizesdBis/pmhlgmSthe oil must be properly filterébdrough micron
level filtrationbefore it can be used as a fu€bne micron isO00001meters and reseah has shown that
in order to use vegetable oil as a fuémust be filtereddownto at least 5 microns. If the oil is not filtered
to this leveljt can clog the car filter as well as deposit the particles in the engine. Ovetthiese particles
will build upand eventually destrothe 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 reskead 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, th&/VVOwill 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 canthe® RNJ A Y SR FTNRY
the top surface, and the sludge at the bottom of the tank can be drained from the bofteaTank
Dispensg The process is simple and remsi minimal operation as gravity wdb the majority of the



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 gallsegFuel 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 particlésy. Iiélgs 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 purchaed from Fryer to FuélThe 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 thstsged 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 methal that the team researched was centrifugifgcentrifuge is a machine that spins

the oil closeto 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 WVOthrough a centrifuge two or three times Wfilter the WVOdown to less than one micron
whichis well in range of théhe 5 micronminimumrequirement.Centrifugesare 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 roughlyevery30 gallonsa very quickand easy process. In additicthey have to be completely
cleaned after approximately 300 gallons. This makes the possitilitygving creatingnessfare more
unlikely than working with the bag filters which have to be changed out every 200 gallagk djurelity

oil is put through them or every 20 gallofr poor quality oil. Unfortunately, the down side of the
centrifuges is their pricéAlthough only one centrifuge is required for the process, theyowat between
$1000$200Q far higher than thefilter 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 fanks and then went to a centrifuge. The positives about this process are that it is a clean and easy
procesgo operate, while the negative that it has a large upfront cost due to the cost of the centrifuge.

The second case study is filtration througditng 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 albvagdn 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 meh moreof 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 casdrigurel0.

8 http://fryertofuel.com/
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FigurelQ: Case Study Cost Models

The team decided that the first case study, settling tanks and a centrifuge, pdoWidebest filtraion

system design to be used to filter the waste vegetable oil. The team believes that this case provides the
most failproof system and easiest system to maintain. The operating costs are lower than that of any
other case. The upfront cost is high becaa$ the centrifuge, but the lowesperating cost and the ease
of-use overrule the upfront cost difference.
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Appendix{C. Future Considerations

Additional Fuel Sources

Due to limited accessibility of attainingW® from only Calvin College dining halgernative fuel sources
were required to provide enough fuel to run the converted vehicle without fuel outage. Hence two
different methods were considered, getting moré/ from other college dining halls nearby that run by
the Creative Dining Servicemd convincing local restaurants to donate theiV@/ The attempt made

to Creative Dining Service to get morev@/ from other colleges was not successful due to different
regulations and methods each school folken disposing their WO. Richard BalfouRirector of Dining
Services at Calvin College, via email said that it would be hard to\dg@tfi¥m other college dining halls
not only because they have their own ways of taking care @dWbut also transporting the WD almost

daily would also be thmajor concern since they would not want to storaAl¥ for longer than a few days
especially during warm weathers. However, the second method of getting mdf@ ihrough local
restaurants was partly successful. A few smaller restaurants were willing saedtreir WWO without

any compensation as long as theiM® is regularly taken care of by Calvin College. It was estimated by
business owners that approximately52gallon of WO would be provided each day per restaurant, so
minimum of twice a week pickpuis suggested. It was hard for larger sized (Franchises) restaurants to
share their WO due to regulations by each company they folloiv.couple of restaurants including
Marado on 28 street, Tokyo Grill on 44street gave positive response towardsndaing their WVO.
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Appendix Il. Vehicle Selection

Summary

Introduction

After choosing WVO as the fuel sourtiee team was tasked with determinimghat vehicle to convert to

run on WVOThis decision was restricted to diesel vehicles, which may be ceaviertrun 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 ohe vehicle.

Procedures

In order to select a vehicla number of criteria were collected and analyzed using a decision prdd¢ess
weighed the benefits and detriments of a number of proposed vehicles based on annual operating hours,
campus visibility, aapus 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 Plahttammunication 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 eachThis 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 ®\Wdhversion. 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 inceases. 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 \@MBe 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 Tor&aROUNDSMASTEBOOD 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 81 gdillo
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 fromearcampus 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, specificallpeopurposed for oftampus use. This choice required the
investigation of additional fuel sources, and several local Grand Rapids restaurants were contacted with



regard to their willingness to provide additional WVO feedstock. For this selection, &2206Dodge
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 yeand provide additional cost savings for the college.

Figurell: Calvin College 2006 Toro GROUNDSMASTE® 4000

Conclusion

This project proposes the conversion of the Calvin College 2006 GR@UNDSMASTEBOOD (see
Figure11: Calvin College 2006 Toro GROUNDSMASTEFRDKROO0s vehicle choice is idedaving a
Kubotadiesel engine, operating for over 800 hours per year, dorrdaning the winter season, an expired
warranty, and being a relatively nonessential vehicle in the event of necessary maintenance. Additionally,
this vehicle isighly visible on campwnd 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 supplie®bgasecar Vegetable Fuel SystéseeFigurels:

Toro GROUNDSMASTER 4D(Ruel System Laygand the labor will be supplied from the Calvin College
Physical Plant. This project requires an upfront capital investoie®2295 for proper vehicle conversion

and $76 per month of maintenance costs.
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Appendix HA. Criteria Influencing Decision

Criteria Influencing Decision

Cost of Conversion

The cost of conversion was essential to the future of this project and was thergiven 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 projectis 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 conversitsnokiered 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 conversiomgeess be relatively simple and easy to use for the operators of
the vehicleln 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 cimv@rocess 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 fdatthis 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 activeseason.

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.
Additionaly, 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 critér@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 tipessibility 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 sustainableenégrat 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 mitilbménted
and what supply is available for operations. This limited the choice significantly.
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Appendix HB. Vehicle Selection Process

Choice of Diesel Vehicle

Becauséhe choice wasVVO as a fuel source, this necessitates that the vehicle to berusedf of diesel
fuel. Vegetable oilnaybe used in diesel engines so long asfirst heatedto a temperature of 16€F A
benefit of converting a di&el engine to run off of WVO israduction of emissiongncluding redued
carbon monoxide emissionsy 4798. An engine corerted to run on WVO is, however, limitéal start on
diesel fuel until the WVO Iseated to the correct temperature. Thenginemust also be purgedith diesel
fuel before the machinenaybe shut off. This is due to the fact thaing extra, unburned WVO left in the
SyaaySQa Oef AyRSNAE Qdrnyperdpiztive dzhtintially fidthage M@ evigimee to 2 y 3
the needto reach ahighertemperature, alongvith the damage that can occifrthe WVO is allowed to
cool in the engie, it is more difficult and there therefore more risk involved wit running a vehicle off
WVO during the colder seasons of the year, such as wirkarthermore, due to the necessity of starting
and stopping on diesel, a vehicle that runs for an esttd period of time, without being shut off, is
preferred. Because of these factors, a vehicle that runs for an extendeddgefitime during the summer
would be an ideathoice to convert to run froVVO.

I+t Ay Qa 5ASasSt ct SSi

There area wide variety bvehicles owned and operadeby Calvin College that run from diesel fugigure

7: VariousVegetableQil Qualitiesshows a list of these vehiotgtions.

Table4: List of Diesel Vehicles at Calvin College

Toro GroundsMaster 4700 Lawnmower
Toro Groundsmaster 406D Lawnmower
Toro Groundsmaster 400D Lawnmower
Toro Groundsmaster 328D Lawnmower
Toro GroundsMaster 32 Leaf Blower
Toro GroundsMaster 32® Leaf Blower
CAT 924 Front End Loader

CAT 914 Front End Loader

CAT IT420E Backhoe

IngersotRand Pettibone

Kubota L4610 Tractor

John Deere 710 Small Tractor

Ford Sterling SL7501 Plow Truck

Ford F800 Dump Truck

Ford F600 Dumpruck

9 http://kvkpriyavaishu.synthasite.com/resources/Emission%208.pdf
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Not surprisinglythe usage of these different vehicles e The team researched and obtained yearly
operating hours for the major groups géhicles. The results of the research can be seefigurel2:
Operational Hours of Major Diesel Vehicle Groups at Calvin College
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Figurel2: Operational Hours of Major Diesel Vehicle Groups at Calvin College
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Lawnmower Model Choice

As previously mentioneda vehicle that runs for ¢éended periods of timeduring the summer would be

the ideal candidatelt can also been seen froRigurel2that the lawnmowers at Cain College are used

for the greatestamount 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 thredifferent types of lawn mowersurrently beingused at Calvin College. Their yearly usage
datais shown belowin Figurel3.
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Figurel3: Yarly 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 campuyghe ToroGROUNDSMASTHROD was selected. An additial advantage to selecting

the ToroGROUNDSMAST&BOOD is that, inthe eventof needing mairgnance, there are other lawn
mowersthat canreplace the missing machine. Further reasons proving the GROUNDSMASTHRO

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 asive The team believed that to
pioneer the conversion of a TOBGROUNDSMASTERN 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 itleers 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 belowrigurel4. 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 waddeal. 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 compésties ex

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 4060, which ishe engine of the lawnmower used on campfisAlso, 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 TorGROUNDSMASTEROOD. A second company researched wasdsecar.
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.

Figurel4: Bowling Gren State University WVO converted lawnmower

10"Welcome to Full Circle Fuels:ll Circle Fueldl.p., 2012. Web. 02 Dec. 2013.
I1"About Greasecar.GreasecaVegetable Fuel SystenGreasecar, 2010. Web. 02 Dec. 2013.
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Choice of Toro GroundsMaster 460D0

The team decided to choose the TABROUNDSMASTEBOOD lawnmower for several reasons. The
first reason is that lawnmowers have the longest operation time of any diesele@hnicampus, as shown
in Figurel2: Operational Hours of Major Diesel Vehicle Groups at Calvin College

Another reason that the team chose to go with the 4@D0wvas that Calvin has two of the 40D0
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 thensamodel 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 otherto runon WVO. Aldable5a K2 ga (GKS g1 NNl yde adl ddza 27
as well as when each mower is expected to be replaced.

Tableb shows that the two 400D 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 backdyears, or even more dependent upon

how well the conversion works Other reasons that the team chose to go with the 400@as that it is

highly visible on campus. During the summer antha 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.

Table5: Calvin's Lawnmower Fleet Warranty Status

Toro Grounds Model Current Year to be
Master Model Year Warranty Replaced
4000D 2006 No Warranty 2014
4000D 2007 No Warranty 2015
3280D 2012 5-Year Warranty 2017
4700D 2012 5-Year Warranty 2020

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 thisna@rsion. In this regard, there exists two major
companies offering the services requirédybrid LL&ndGreasecar Vegetable Fuel SysteRech of these
companies market a dit-yourself (DIY) kit for converting a diesel vehicle to WVO. These kits citime w

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

12yan Berkel, Geoffrey. "Questions for you." Message to the author. 14 Oct. 2@i4l.E



company as individual, replacement parts. If the Calvin College Physical Plant were to develop a specific
kit for the Toro mowera 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 alsed&ssary 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 ongear warranty on all pas 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 ¢o KivO,

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 kih 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 iﬁFigurelS: Toro GROUNDSMASTER 4D0Buel System Layowimilarly, the engine
layout was necessary to locate the fuel injectors and coolant flow system. This may be foundrbelow
Figurel6: Toro GROUNDSMASTER 4D(ngine Layout



Figurel5: Toro GROUNDSMASTER 4D0®uel System Layout
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