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	Ethanol Activity 6 – Technology
	



Purpose
What fuels will be used to power cars and trucks in the future? Inventors have developed cars powered by electricity, ethanol, and natural gas. Will one of these energy sources dominate, or will a different source emerge?

[bookmark: _GoBack]Our nation’s transportation system has been built nearly exclusively to run on fuels derived from crude oil including gasoline and diesel fuel. There has never been a realistic pursuit of a ‘perfect’ energy. Oil companies have used use this to detract from ethanol. Because oil is a finite resource and because of its impact on our ecosystem and environment, other fuel sources such as biofuels have and continue to be developed. In addition, ethanol is added to fossil fuels to increase the octane level of fuel and optimize engine performance. As we continue to replace gasoline with ethanol, the emergence of cellulosic along with starch ethanol presents unique opportunities to do so.

Cellulose is a potential source of ethanol. Scientists are developing new technological processes to ferment cellulosic material into ethanol. Cellulose is a structural component of plant cell walls. Biomasses, such as leaves, stems, husks, and wood chips, contain cellulose. These biomasses do not contain high levels of sugar or starch. Cellulose can be broken down into sugars and starches, and then fermented into ethanol. First, processors chop, cut, and heat the cellulosic material. Next, a chemical treatment with sulfuric acid or enzymes breaks chemical bonds within the cellulose to form starches and sugars. Finally, yeast fermentation of the sugars and starches yields ethanol.

Fermenting agricultural products with readily available starches is less expensive than fermenting cellulosic products. However, cellulosic materials are currently waste byproducts that could be utilized in the future. Cellulosic materials such as corn stalks and cobs left in the field after harvest have fuel potential. Reducing the cost and increasing the efficiency of cellulosic ethanol technology will require investment and research into these processes.

What treatment combination is the most effective breaking down cellulose and producing ethanol from corn byproduct material? Experiment with physical and chemical processes to discover the answer.

Materials
	Per student:
Safety glasses
Lab apron
Nitrile or plastic gloves
Pencil
	Per group of four students:
Permanent marker
Electronic balance
4 50ml falcon tubes with caps
Test tube rack
Test tube tongs
LabQuest2
Vernier ethanol sensor
Teflon™ tape

	Per class:
Water bath
Ground corn stalks
	


DRAFT
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	Per group of four students:
Part One
Scissors
Hot plate
Distilled water
400ml beaker
250ml beaker
100ml graduated cylinder
Weigh dishes
Plastic spoons
	
Part Two
2 1ml graduated pipets
Celluclast™ enzyme
0.05M sulfuric acid solution
Part Three
Yeast
Weigh dish
Plastic spoon



Procedure
Work with your group to examine biomass treatment methods for producing cellulosic ethanol from corn stalks. Compare the effects of each treatment and select the most efficient process.

Part One – Heat Treatment
Answer the following prediction questions on Ethanol Activity 6 Worksheet.
Pour approximately 200ml of tap water into a 400ml beaker. Place the beaker on a hot plate and bring the water to a boil. While the water heats, continue the lab procedure.
Label four falcon tubes 1 through 4.
Place the tubes in the test tube rack.
Remove the caps from the tubes.
Use a 100ml graduated cylinder to add 20ml of distilled water to each falcon tube.
Use a balance, weigh dish, and scoop to add 1.0g of ground corn stalks to each tube. Make sure the corn stalks are completely covered by water.
Place caps loosely on tubes.
Place tubes in the boiling water for 10 minutes.
Turn off the hot plate.
Using the tongs, place the tubes in the test tube rack, and allow the tubes to cool.
	Set up the ethanol sensor.
Remove the tip of the cap from the ethanol sensor as seen in Figure 1.
Remove old Teflon™ tape.
Cut a 1.5cm piece of Teflon™ tape.
Cover the cap entirely with new tape and inspect the tape for gaps or wrinkles.
Place the tip over the tape and secure it.
Turn on the LabQuest2.
Plug in the ethanol sensor into Channel 1.
Wait 5 minutes for the sensor to warm up. Complete Steps 13 – 14 while you wait.
	[image: Ethanol_Sensor_Assembly]

	
	Figure 1. Ethanol Sensor


Remove caps from tubes.
Observe the physical appearance, such as color, texture, and smell, of each tube. Record your observations in Table 1 on the student worksheet,
Measure the ethanol concentration of each heat-treated mixture.
Hold the ethanol sensor approximately 3cm above the liquid mixture in the tube.
Wait for the reading to stabilize on the Meter screen.
Record the results for each heat-treated mixture on the student worksheet.

Part Two – Chemical and Enzymatic Treatment 
1. Label one clean graduated pipet “Acid” and another clean graduated pipet “Celluclast.”
1. Using the labeled graduated pipets add 0.05M sulfuric acid and Celluclast™ enzyme to the tubes as indicated in Table 2.
	Table 2. Acid and Enzyme Treatments

	Tube
	0.05M Sulfuric Acid
	Celluclast™

	Tube 1
	None
	None

	Tube 2
	2.0 ml
	None

	Tube 3
	None
	1.0 ml

	Tube 4
	2.0 ml
	1.0 ml



Fasten the caps tight on the falcon tubes. Swirl the tubes.
Loosen the caps on the tubes and place the tubes in a water bath at 50°C for 24 hours.
Clean the lab as instructed by your teacher.
Answer the analysis questions on the student worksheet.
After the incubation period, remove the tubes from the water bath and place in the test tube rack.
Set up the ethanol sensor as you did in Part One, Step 12, and complete Steps 9 – 10 below while the apparatus warms up.
Remove the caps from the tubes.
Observe the physical appearance of the material in each tube and record in Table 1 in your Laboratory Notebook.
Measure the percentage of ethanol in each tube using the ethanol sensor and record the results in Table 1 in your Laboratory Notebook.

Part Three – Fermentation
1. Measure one gram of yeast using an electronic balance, weigh dish, and scoop.
Pour the yeast into Tube 1.
Tighten the cap and swirl the mixture.
Loosen the cap on the tube to allow gasses to escape during fermentation.
Repeat Steps 1 – 4 for Tubes 2, 3, and 4.
Place the tubes in a water bath at 37.5°C for 24 hours. Clean up as instructed by your teacher.
After the incubation period, set up the ethanol sensor as you did in Part One, and complete Steps 8 – 10 during the warm up period.
Remove tubes from water bath and place them in a test tube rack.
Remove caps from each tube.
Observe physical appearance of the material and record in Table 1.
Measure the percentage of ethanol using the ethanol sensor and record results in Table 1.
Clean up the lab as instructed by your teacher.
Answer the Part Three Analysis Questions on the student worksheet.
Use your answers to prediction and analysis questions along with data tables to write a lab report explaining your findings.

Conclusion
1. Why is the development of cellulosic ethanol dependent on new technological processes?



1. How would the availability of biomass affect development of new biomass energy production?
	Name_____________________________________________________


Ethanol Activity 6 Worksheet
Prediction Questions
How will heat treatment affect ethanol production?

Which treatment, acid or enzyme, will produce more ethanol? Why?

	Table 1. Observations and Ethanol Production

	Tube #
	Observations
	Heat Treatment Results
	Acid/Enzyme Treatment Results
	Fermentation Results

	Tube 1
	Appearance
	
	
	

	
	Ethanol %
	
	
	

	Tube 2
	Appearance
	
	
	

	
	Ethanol %
	
	
	

	Tube 3
	Appearance
	
	
	

	
	Ethanol %
	
	
	

	Tube 4
	Appearance
	
	
	

	
	Ethanol %
	
	
	



Part Two Analysis Questions
What is the purpose of heating all samples?

Why was the ethanol concentration small after heat treatment?

Why are the samples treated with sulfuric acid and Celluclast™ individually and in combination?

Fermentation produces ethanol. Why measure for ethanol prior to fermentation?

If both sulfuric acid and Celluclast™ enzyme increase sugar production, which treatment should produce the most ethanol?

Tube 1, which has no sulfuric acid or Celluclast™ enzyme treatment, is the control sample. What is its purpose?

Part Three Analysis Questions
What were the ethanol concentrations after the chemical and enzyme treatments, but prior to the fermentation step?

Based on the data, what hypothesis would you suggest regarding the most effective biomass treatment to produce ethanol? How would you test your hypothesis?

Which treatment, sulfuric acid or Celluclast™, produced a larger increase in sugar production? How do you know?
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  Purpose   What fuels will be used   to power cars and trucks in the future?  Inventors  have developed   cars powered  by  electricity,   ethanol ,   and   natural gas . Will one of these energy sources dominate, or will  a  different source  emerge?     Our nation’s transportation system has been built nearly   exclusively to run on fuels derived from crude oil  including gasoline and diesel fuel.  There has never   been  a   realistic pursuit of a ‘perfect’ energy .   Oil  companies h ave used   use this  to detract from ethanol .  Because oil is a finite resource and because of its  impact on our ecosystem and environment, other fuel sources such as biofuels have and continue to be  developed.   In a ddition, ethanol is added to fossil fuels to increase the octane level of fuel and optimize  engine performance.  As we continue to replace gasoline with ethanol, the emergence of cellulosic along  with starch ethanol presents unique opportunities to do s o .     Cellulose is  a  potential source of ethanol. Scient ists are developing new technological processes to  ferment cellulosic material into ethanol. Cellulose is a structural component of plant cell walls.   Biomasses ,   such as le aves, stems, husks,  and  wood chips ,   contain cellulose.  These biomasses   do not contain   high  levels of sugar or starch.   Cellulose can be broken down into sugars and starches, and then fermented into  ethanol.  First,  processors   chop , cut,   and  heat the cellulosic material . Next, a c hemical treatment with  sulfuric acid or enzymes breaks  chemical bonds within the cellulose   to form  starches and sugars.   Finally,  yeast fermentation of the sugars and starches yields   ethanol.     Fermenting agricultural products   with readily available starches is less expensive than fermenting cellulosic  products.   However, cellulosic materials are currently waste byproducts that could be utilized in the future.  Cellulosic materials such as corn stalks and cobs left in the field after harvest have fuel potential.  Reducing  the cost and increasing the efficiency of ce llulosic ethanol  technology  will require investment and research  into these processes.     What treatment   combination   is the most effective breaking down cellulose and producing ethanol from  corn  byproduct   material?   Experiment with physical and chemical proce sses to discover the answer.     Materials  

Per student:      Safety glasses      Lab apron      Nitrile or plastic gloves      Pencil  Per group of four students:      Permanent marker      Electronic balance      4 50ml falcon tubes with caps      Test tube rack      Test tube tongs      LabQuest2      Vernier ethanol sensor      Teflon ™   tape  

Per class:      Water bath      Ground corn stalks  

