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The goal of this project is to find out effective and efficient methods to produce mass amounts of biodiesel from waste vegetable oil and to find effective uses for it in the community. The past projects have been focused on the making of the container for the mixing of biodiesel. They also focused mainly on finding a working recipe that could effectively produce biodiesel. We are hoping to build off past research and how much has been done so far, in hope that we will perfect the production methods of biodiesel. Biodiesel has been around for a while and many people have worked in the field of finding a more renewable source of energy. 
The main focus has been on finding a solution to provide people an alternate to the use of fossil fuels.  There has been much progress and research in the field of biodiesel starting from the early 1900’s with the creation of the diesel engine (Radich, 2004). Due to efficiency problems relating to 11% efficiency lost with biodiesel compared to petroleum based diesel fuel, few people contemplated biodiesel as a fuel source.  There are also ways of running a diesel engine on straight filtered vegetable oil, however it is ineffective, especially in weather that is even slightly cool and requires a heated fuel tank to help improve viscosity and allow it to flow through the fuel lines.  Vegetable oil can ruin fuel injectors due to its higher viscosity (Radich). Some advantages for using biodiesel is that the exhaust contains less carbon monoxide and carbon dioxide as opposed to the higher emissions of petroleum based diesel (Radich). A major advantage, along with less toxic emissions, is the fact that it is a renewable source unlike fossil fuels which in the near future we are going to run out. 

The aim of the investigation is to be able to create biodiesel from waste vegetable oil from a source, such as the school. Using the results from the investigation a person would be able to mass produce the biodiesel from any source of waste vegetable oil. This would cut down on production costs due to the fact that nobody would really charge to have their waste vegetable oil taken off their hands when currently many companies pay to have it removed. With the results from the investigation, the chemical and physical processes used in the creation of the biodiesel will be refined to the point where anyone can use the same set up and process and create biodiesel that is up to proper standards. The investigation is also focusing on creating biodiesel that is capable of being used in a standard diesel engine. Creating biodiesel would be useless unless it was of a high enough standard to be used in an engine. 
The investigation is the opening step in creating high-grade, easy to produce biodiesel. Once this investigation has been completed other groups will be able to refine it even further and create an even more efficient system.  The investigation will pave the way for biodiesel production from vegetable oil waste.
 Methods: 
Gather Materials, You will need:
	  Part #
	Description
	Vendor
	Unit Measure
	Unit Cost
	Quantity
	Extended Cost

	
	3 galvanized gallon mettle bucket
	Bi- Mart
	3 gallon
	$9.99
	3
	$29.97

	
	5 gallon Yellow Bucket
	Bi- Mart
	5 gallon
	$5.39
	4
	$21.56

	 
	1500 rpm corded drill
	Bi-Mart
	Per Unit
	$50
	1
	$50

	 3656K122
	 Submersible heater
	McMaster-Carr
	 Per heater
	177.83
	1
	$177.83

	 36895K131 
	 ½ in Bulkhead Tank fitting
	McMater-Carr
	Per fitting
	12.96
	2
	$25.92

	 n/a
	10ft by 1in outside diameter vinyl hose
	 Spaeth Lumber
	 Per foot
	.99 per foot
	10ft
	$ 9.99

	 n/a
	 Twenty gal galvanized trash can
	 Robbinnett’s Hardware 
	 Per Can
	$20.00
	1
	$20.00

	 n/a
	 3 square yards of cheese cloth
	 Bi-mart
	 Per 3 square yards
	$3.95
	1
	$3.95

	 n/a
	 Coupler
	 From our shop
	 n/a
	n/a
	1
	n/a

	 n/a
	 Non metallic connector
	 Searing
	 Per connector
	$00.48
	1
	$00.48

	n/a
	1/16 steel plate 
	Steel Co
	4’ x 8’
	$250
	1
	$250

	
	Waste Vegetable Oil (Unfiltered)
	CVHS
	Per Quota
	n/a
	1
	n/a

	
	Paint Mixer
	Sherwin Williams Paints
	Per unit
	$16
	1
	$16

	
	Welds
	CVHS
	n/a
	
	
	


1. With these materials you need to design your own tank (see attached drawings for prototype design).

2. For the biodiesel reactor we used 18” X 24” side walls, by 18” X 18” square bottom section.
3. Sections were cut using a plasma cutter, and then MIG welded together each piece. 

4. Use double welds over each seam on each side to give maximum leak protection.
5. Once done the reactor was tested by being filled with water and then having paper taped over each seam to pinpoint each leak.  
a. Fix leak by tack welding over the trouble spot. 
6. Repeat step 5 until no leaks are present.
7. Fabricate a motor mount (see attached picture) then attach the mixing motor to it using the appropriate methods as described by the motors instruction manual.

8. Drill out the coupler to fit the paint mixer (if necessary), it should be a tight fit.
9. After obtaining the heating element; drill, or cut the hole to fit the element in

10. Weld the metal fitting onto the side over the whole that’s been cut into it.  
11. Make sure to have removed the galvanization with an oxy-acetylene torch or grinder.  
*SAFETY TIP*
Breathing in the vapors while welding galvanized metal can be DEADLY; this is signified by white smoke.

12. Do steps 5 and 6 with the inclusion of the heating element fixture
13. Repeat steps 9 and 10 for the pipe fittings.
14. Assemble the pipe fittings onto the fitting head; use Teflon tape on all threaded connections.
15. Fill with water then connect heater and motor to power sources and run a ‘cycle’ through with water, test heat and motor/ mixer
16. If necessary insulate the tank in order to cut heat loss.  

PRODUCING BIODIESEL

See Appendix A on method proposed to produce the biodiesel.

Next Steps with Biodiesel
1. Begin testing our biodiesel in a diesel engine. 
2. Test mpg of our biodiesel, and then begin to perfect process to increase efficiency.

3. Test efficiency of mixing biodiesel with standard diesel.

4. Scale up.

Materials List
	ITEM
	Number (purpose) 

	3 Gallon plastic buckets w/sealing lids
	20 (for storage of biofuels, and byproducts)

	Duct tape
	2 Rolls (to secure lids, and various other projects)

	8 Volt power supply
	1 (To power motor)

	Cheese Cloth
	5 Yards (to filter the WVO)

	Insulation
	 2592 square inches (to retain heat)

	Diesel Engine
	1 (to test fuels)


Possibly needed supplies (depending on time)

	Item
	Number (purpose)

	servo motors
	3 (to remotely control valves)

	Ball valve
	1 

	Splitter valve
	1 (to spit glycerin and biodiesel into separate containers)

	Computer controller
	Operate all motors to open and close valves

	Sensor
	To detect when reactor is full.

	Angle Iron
	25’ (Support oil tanks)

	Plastic Oil barrel 
	1 (hold WVO above tank)


Time Events (October 20 is the first week)
· Week one (Week of October 16th):  Cleaned tank, using water, soap, and steel wool to remove oil/ rusts.  Decided whether to make automated system, or focus on formula.  Ordered needed supplies. We were then shut down by the Fire Marshall until early February

· Week two (Week of February 5th): Made modifications to reactor and mixing apparatus. Started first test batch over the weekend.
· Week three (Week of February 12th):  Week four:  Cleaned out jellified test batch. Created a successful test batch. Created 14 gallons of biodiesel.
Results:

Due to events outside our control we were only able to produce two batches, a successful batch with a yield of 14 gallons of biofuel.  The other batch was less successful, and resulted in a jellied product.  The results of our project were really a learning experience. We learned how to make biodiesel; how not to make biodiesel, and that once the process is mastered it is very easy to actually do.
Conclusion:


Due to our extremely shortened time frame, we were unable to really address the investigation we were hoping to. Originally we were going to produce biodiesel and then test the efficiency and different ways to make it more efficient.  


From our two batches we experienced a great increase is ease of production. In our first test we weren’t very familiar with what was going on, and to what extent we should mix all of our chemicals. After the first batch we were able to get all the kinks out of the process. We now feel extremely confident in our production process and would be able to do at least 3 to 4 batches a week if we wanted to.  

We are in the process of testing the biodiesel to see how well it truly works. Once we have completed that and created a more efficient biodiesel we will purchase a diesel car that we can then start running off of our biodiesel. We would begin to buy our chemicals in bulk in order cut down on the cost of production. Eventually one of our group members may buy a diesel car and we can truly get a good result out of the project.


Another field we would investigate is the mixing of biodiesel and standard diesel.  During our investigation we saw a few different sources that spoke about mixing biodiesel and standard diesel. We would test what that really does and whether or not it is more cost efficient that using straight biodiesel.

In future experiments we may replace our reactor, for both ease of movement and larger capacity. Also having a reactor that is easier to clean would be very useful also.  We would attempt to buy chemicals in larger batches in order to cut down on costs, which are hard to in a school ground setting. We hope to continue this project throughout the year and also next year. Hopefully we will be running at least one car at our school off our biodiesel, and we have also talked with an art teacher who has heard of pottery kilns run off of biodiesel.
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Appendix A

Method #2
Mixture:
Waste vegetable oil (WVO) -- used cooking oil, fryer grease, animal fats, lard 
Methanol (CH3OH) -- 99%+ pure
Sodium hydroxide (NaOH -- caustic soda, lye) -- must be dry

Titration:
Isopropyl alcohol (rubbing alcohol) -- 99%+ pure 
Distilled water
Phenolphthalein solution (not more than a year old, kept protected from strong light) -- "Phenol" or "Phenol Red" from swimming pool or hot tub supply stores may not be the same as phenolphthalein; it can be used but the directions for use may be different 

 

Filter the WVO to remove food particles. You may have to warm it up a bit first to get it to run freely, 95 deg F (35 deg C) should be enough. Use a double layer of cheesecloth in a funnel, or a restaurant or canteen-type coffee filter. 

2. Removing the water
Many people heat the WVO first to remove any water content. Waste oil will probably contain water, which can slow down the reaction and cause saponification (soap formation). The less water in the WVO the better. 

This is how they do it. Raise the temperature to 212 deg F (100 deg C), hold it there and allow any water to boil off. Use the mixer to avoid steam pockets forming below the oil and exploding, splashing hot oil out of the container. Or drain water puddles out from the bottom as they form -- you can save any oil that comes out with the water later. [image: image1.png]




When boiling slows, raise the temperature to 265 deg F (130 deg C) for 10 minutes. Remove heat and allow to cool.

3. Titration
Make up a solution of one gram of lye to one liter of distilled water. Make sure it dissolves completely. This sample is then used as a reference tester for the titration process. It's important not to let the sample get contaminated; it can be used for many titrations. Mix 10 milliliters of isopropyl alcohol in a small container with a 1 milliliter sample of WVO -- make sure it's exactly 1 milliliter. Take the WVO titration sample from the reaction vessel (Figure 5 #1) after it's been warmed up and stirred. 
Add to this solution 2 drops of phenolphthalein, an acid-base indicator that's colorless in acid and red in base. Using a graduated eye dropper (with increments marked in tenths of milliliters) or some other calibrated instrument (from medical supply outlets), while carefully keeping track of the amounts, drop measured amounts of the lye/water solution a couple of tenths of milliliters at a time into the WVO/isopropyl/phenolphthalein solution. Follow each drop with vigorous stirring of the solution. In cold weather the WVO might congeal and not work so you might need to do the titration in a heated room. If conditions are right eventually the solution turns pink (magenta), and stays pink for 10 seconds. This is the indicator color for a pH range of 8-9 (see the photograph in the left column of this page, "Color of titrated liquid sample when at the correct pH"). It's important to find the exact amount, to just reach this pH without dropping in too much! 
It's a good idea to do this entire process more than once to ensure that your number is correct. I've found that depending on the type of WVO, how hot it got in the fryer, what was cooked in it and how long it was used, the amount of lye/water solution needed to titrate it is usually [image: image2.png]


1.5 to 3 milliliters. You can also use litmus paper or a digital pH tester instead of the phenolphthalein. Try it with fresh cooking oil from your kitchen too; it should need much less lye to reach pH 8-9.

Amount of lye to use
The next step is to determine the amount of lye needed for the reaction. Take the number of milliliters derived from the titration and multiply by the number of liters of WVO to be transesterified.    There is one more thing to be included in the calculation. Every liter of neat vegetable oil (fresh -- never been cooked) needs 3.5 grams of lye for the reaction. So for every liter of WVO to be transesterified add an additional 3.5 grams of lye.   
Example: The titration determined that it took 2.4 milliliters to reach pH 8-9 and you'll be transesterifying 150 liters of oil.

2.4 grams times' 150 liters equals' 360 grams lye 
Plus 3.5 grams times 150 liters equals 525 grams lye
360 + 525 = 885 grams lye
If the titration result was 1.8 milliliters to reach pH 8-9, the final amount of lye needed for the reaction would be 795 grams. 
I've found over time that the number of grams of lye needed per liter of WVO has generally been between 6 and 7.

Test batches
Once the sodium methoxide is prepared, add to the blender 1 liter of WVO. Make certain all your weights and volumes are precise. If you're unsure of the titration result numbers then use 6-6.25 grams of lye per liter of used WVO, or 3.5 grams for fresh vegetable oil. Blender batches need only be run for about 15-20 minutes for separation to be completed before switching off. The settling takes some time to complete. 

[image: image3.png]


4. Preparing the sodium methoxide
Generally the amount of methanol needed is 20% of the WVO by mass. The densities of these two liquids are fairly close so measuring 20% of methanol by volume should be about right. To be completely sure, measure out a half-liter of both fluids, weigh, and calculate exactly what 20% by mass is. Different WVOs can have different densities depending on what type of oil it originally was and how long it was used in the deep fryer. 
Example: When transesterifying 100 liters of WVO, use 20 liters of methanol.
The methanol is mixed into a solution with the sodium hydroxide (lye), creating sodium methoxide in an exothermic reaction (i.e. it gets warm from bonds forming). Keep all utensils the lye comes in contact with as dry as possible. 

