
UNIVERSITY OF CENTRAL FLORIDA

Senior Design Fall 2008/Spring 2009

Ryan Bobroski

Jordan Major

Ashley Marczak

Technical Advisor:

Dr. Marc Compere



ɆNaturally sustainable and abundant

ɆEach palm tree can bear  about 14 coconuts per             
month for 65 years (6000 coconuts per acre)

ɆCan survive temperate climates and poor soil conditions



Application for Developing 
Countries
Ɇ If practical method can be 

developed for using coconut oil 
as a fuel, it can be used to 
provide coconut rich regions 
with an extremely cheap, 
renewable resource 

Application for Developed 
Countries
ÅChemical optimization of 

coconut oil for acceptance by 
unmodified diesel engines.

ÅCoconut oil feedstock would 
increase demand for coconuts 
stimulating economy of 
developing countries



ΚSpecific Energy -Energy contained per unit weight.
ΚCetaneNumber -Relative measure of a fuels willingness to combust
ΚKinematic Viscosity -Resistance of a fluid to shear stress
ΚSolidification Point -Temperature at which the fuel is solid

Note the similarities of energy and combustion between coconut oil and petroleum diesel. 
Also observe the solidification point. Coconut oil is solid at room temperature creating a 
need for chemical modifications for practical usage.



Step 2: Remove Moisture from coconut meat

ÅMoisture can be effectively removed via sun drying 
for several days

Step 1: Separation of oil bearing and non oil 
bearing coconut parts

Step 3: Oil is extracted using hand powered screw expeller
ÅCorkscrew mechanism has a tapered inner diameter which exerts 

enourmousamounts of force on the coconut meat squeezing 
the oil out



ÅGiven high labor input, modifications had to be made to 
increase production.

ÅConstructed bike powered expeller

ÅExpeller was attached to a stationary bike stand via chain 
drive with a 3:1 gear ratio.

ÅMade production easier, however without significant 
increase in raw material processing rate



Ɇ50 Coconuts

ɆTotal Weight: 78 lbs.

ɆAverage Coconut Weight: 1.56 lbs.

Ɇ3.56 lbs. raw material processed per hour

ɆTotal Oil Extracted: 14.25 Cups ~ 3.5 Quarts

Ɇ4.5 Tablespoons/Coconut

Ɇ8.7% Oil By Weight

ɀWeight = 3,085 g ~ 6.8 lb

ɀ14.25c = 3,371 cm3

ɀDensity @ 80°F = .915 g/cm3



Source: http://www.journeytoforever.org

http://www.journeytoforever.org/


Ɇ Typical Diesel Generator Fuel Consumption: .4 L/kWh
Ɇ 2.8 L/h Estimated Household Fuel Consumption (35 L Daily~9.25 

gal~275 gal monthly)
Ɇ 4ÈÉÓ ÈÏÕÓÅÈÏÌÄȭÓ ÅÎÅÒÇÙ ÓÕÐÐÌÙ ÃÏÕÌÄ ÂÅ ÉÎÄÅÆÉÎÉÔÅÌÙ ÓÕÐÐÌÉÅÄ ÂÙ ÁÎ 

acre of coconut crop

Typical Household Energy Demands



ɆExpelling 3.5 quarts of oil consumed about                      
20 man hours

Ɇ20 gallon gas tank = 450 Hours

ɀAutomation in shelling coconuts would be revolutionary

ɀLarger expeller would process more raw material per unit time

ɀImproved feed into expeller such that oil extraction can be 
done by a single person



ɆCoconut Oil is a saturated 
fat
ɀ47% LauricAcid

ɆCrystals stack easily due 
to linear nature of the 
bonds, so oil solidifies at 
room temperature
ɆEach fat molecule is 

attached to a glycerol 
molecule; this is the 
primary reason of engine 
failures using WVO and 
should be removed to 
avoid problems



Å Transesterification: The chemical process of combining the feedstock oil, an 
alcohol, and a catalyst to produce Fatty Acid Alkyl Esters, or Biodiesel

ÅAs the alcohol bond structure becomes more complex so will the structure 
of the resultant alkyl esters; this will inhibit molecular stacking and improve 
the cold flow properties 

ÅReversible reaction: In order to push the reaction past equilibrium towards 
completion, excess alcohol needs to be present

Å The amount is roughly 60-100% the stoichiometric quantity for methanol, the primary 
alcohol used. The excess alcohol also acts as a catalyst and can be distilled for reuse



Ɇ Stoichiometricrelationship of 
Potassium Hydroxide to oil is 4.9g/L

Ɇ Due to numerous variables this 
number is not necessarily correct 
(moisture in catalyst, relative 
strength, etc)

Ɇ Titration is method to determine the 
exact amount of catalyst needed on 
top of the stoichiometric ratio
ɀ Dissolve 0.1g KOH is 1L distilled water to 

create 0.1% KOH solution
ɀ Dissolve 1ml coconut oil into 10ml 

isopropanol
ɀ Add 2 drops phenylthphaleinto oil 

mixture
ɀ Add drop by drop the KOH solution to 

the oil solution. The phenylthphaleinwill 
cause a color change. When the fluid 
turns magenta for approximately 15 
seconds a pH of 8.5 is reached. The 
number of ml dissolved is added to 4.9 to 
get the total need amount of catalyst



Ɇ Dissolve 7g KOH in 200ml methanol 
to form Potassium Methoxide
solution

Ɇ Heat 1 Liter oil to liquefy 
Ɇ Add Potassium Methoxide to oil.
Ɇ Mixing and temperature control is 

very important 
ɀ Agitation drastically reduces reaction 

time as well as adequate 
temperature(>120F) 

Ɇ If temperature gets too high (>140), 
methanol begins to vaporize. This 
has two consequences: 
ɀ It could reverse the reaction due to 

less excess methanol which would 
decrease yield 

ɀ It also releases methanol vapors into 
the atmosphere, which are highly 
toxic.



ɆDue to the presence of KOH  it 
can react with the glycerol 
molecules and produce soap

ɆSoaps are water soluble and can 
be washed out of the biodiesel 
to prevent engine damage

ɆExcess KOH can cause 
emulsions; a stable bond 
between water and oil 

ɀThis prevents soaps from 
washing out with the water

ɆWash tests check for emulsions 
based on the separation 
between fuel and water, as well 
as the amount of soaps formed



Å Utilizes a 2.5 gallon water heater 
with a 12V heating element and a 
330GPH centrifugal pump.

Å Allows for mixing of oil, alcohol 
and catalyst in a fully enclosed 
system

Å Temperature controlled: Held 
constant during reaction between 
130 -135ÁF

Å Integrates agitator, washing tank 
and methanol recovery in a single 
unit

Å Since excess of methanol is used 
in the reaction, it can be recovered 
via condenser



Ɇ Utilizes mist and bubble washing 
techniques

Ɇ Water is more dense then 
biodiesel, so it settles at the 
bottom 

Ɇ As the mister sprays water, it falls 
through the biodiesel, gently 
carrying soaps with it

Ɇ Bubbles from the stone carry a film 
of water with them as they travel 
through the fuel. After reaching 
the surface, the film of water falls 
back through the biodiesel, 
carrying more soaps with it

Ɇ Allows for set and forget washing 



Ɇ Recovers excess methanol for reuse
Ɇ Protects against vapor release
Ɇ Condenser has coiled copper piping 

running through a PVC sleeve which 
is being fed cold water via 
submersible pump
ɀ This allows for the methanol to 

condense within the pipe and be 
collected in a container at the bottom; 
any remaining vapors are then vented 
outside.

Ɇ Due to diameter reduction of piping 
ÆÒÏÍ ΥȾΦȱ ÔÏ ΥȾΪȱȟ Á ÐÒÅÓÓÕÒÅ ÂÌÏ× 
off valve is necessary in case of 
excess pressure buildup
ɀ This was installed using a 150psi 

pressure relief valve that vents to 
atmosphere (not shown) 



ɆMethanol reduced the pour 
point substantially due to 
complicating the molecules, but 
ethanol would allow for even 
more bond complexities and 
thus an even lower pour point

ɆCorn based fuel companies are 
trying to utilize ethanol as a fuel 
itself, but one solution is to 
utilize ethanol in a 
transesterificationwith a fatty 
acid 

ɀIt will save on ethanol while 
further reducing both the 
pour point and carbon 
emissions of coconut oil



Ɇ Fuel agitation and temperature control 


