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[bookmark: Preface]Preface
Ethanol is a renewable energy processed from agricultural products with a high starch content, such as corn kernels. Starch ethanol processing plants mill the corn and then use enzymes to break down the starch into simple sugars. The milled corn seed with enzymes are then mixed with warm water and yeast. The yeast consumes the sugars during an anaerobic fermentation process, producing ethanol and carbon-dioxide. Processing plants separate the ethanol from fermentation coproducts using distillation. Fermentation coproducts, such as distillers grains can be used as a high protein animal feed.

Congress created the renewable fuel standard (RFS) program to reduce greenhouse gas emissions and expand the nation’s renewable fuels sector while reducing reliance on imported oil. This program was authorized under the Energy Policy Act of 2005 and expanded under the Energy Independence and Security Act of 2007. Every year, the Renewable Fuel Standard requires more renewable fuel to be blended into our nation’s transportation fuel. The goals of the Renewable Fuel Standard include reducing U.S. dependence on foreign oil, rejuvenating rural America, expanding the renewable fuel industry, and decreasing greenhouse gas emissions. When ethanol combusts, it releases fewer pollutants than traditional gasoline. The total carbon dioxide emitted from ethanol is also less than gasoline.

In the future, new technologies will allow us to efficiently produce ethanol from other agricultural products, such as cellulosic material. Corn stalks and cobs are agricultural coproducts made of cellulose that can be converted into ethanol.

In this lesson, students will research the history of ethanol, produce ethanol from corn products, discuss the benefits of the Renewable Fuel Standard, and combust ethanol to measure its energy content and coproducts.

	Concepts
	Performance Objectives

	Students will know and understand
	Students will learn concepts by doing

	Industry, innovation, and technology led to the development of starch-based ethanol.
	Make a poster board describing the history and development of ethanol. (Activity 1)

	Ethanol plants use fermentation to convert corn into biofuels and animal feed products.
	Make ethanol and distillers grains from ground corn seed and corn starch. (Activity 2)

	The United States government developed the Renewable Fuel Standard (RFS) program with the intent of reducing greenhouse gasses, increasing renewable fuel production, and decreasing dependence on foreign oil.
	Research the RFS program and debate the benefits of the program from multiple perspectives. (Activity 3)

	Biofuels provide consumers with energy choices that can improve rural economies and benefit the environment.
	Compare energy content, coproducts, and cost of ethanol and kerosene. (Activity 4 and Activity 5)

	Advancing technologies are used to convert cellulosic components of corn into ethanol.
	Produce ethanol from cellulosic corn-based material. (Activity 6)


[bookmark: EssentialQuestions]
Essential Questions
How and where is ethanol produced?
How can agriculture support the development of renewable energies?
How does ethanol production and usage impact the environment?
What is the process for making ethanol?
What coproducts are created while making biofuels like ethanol?
What is the Renewable Fuel Standard?
How does ethanol benefit rural communities?
What are the coproducts of ethanol combustion?
How does the energy content in ethanol compare to fossil fuels?
What are new agricultural sources for ethanol?

[bookmark: KeyTerms]Key Terms
	Act
	A formal decision, law, or the like by the legislature, ruler, court, or other authority.

	Alternative Energy
	Energy, as solar, wind, or nuclear energy, that can replace or supplement traditional fossil-fuel sources, such as coal, oil, and natural gas.

	Bromthymol blue
	A dye used as an acid-base indicator.

	Calorie
	A unit used in the measurement of energy equal to 4.18 joules; the amount of energy required to raise one gram of water one degree Celsius.

	Carbon dioxide
	A colorless, odorless gas constituting 0.03 percent of unpolluted air. It is absorbed by green plants through the leaf stomata and is used as the source of carbon for manufacturing sugars, starches, proteins, and fats. The burning of fossil fuels has put so much CO2 in congested cities that the concentration may reach more than three times the background (normal) level. This is causing a “greenhouse effect,” resulting in a slow warming of the earth’s surface.


	Cellulose
	An inert, complex carbohydrate which makes up the bulk of the cell walls of plants.

	Cellulosic ethanol
	Ethanol produced from cellulosic material.

	Combustion
	The act or process of burning. A chemical reaction in which a fuel reacts with oxygen to form carbon dioxide, water, and energy.

	Coproduct
	Something produced jointly with another product.

	Distillation
	The process of purifying a liquid by successive evaporation and condensation.

	Distillers grains
	A cereal coproduct of the distillation process that can be used for animal feed.

	Emission
	Something that is emitted or discharged.

	Ethanol
	Ethyl alcohol; most commonly derived by fermentation of plant materials; used as a fuel substitute/replacement for petroleum based fuels.

	Fermentation
	A chemical reaction in which a ferment causes an organic molecule to split into simpler substances.

	Fossil Fuel
	A deposit of organic material containing stored solar energy that can be used as fuel. The most important are coal, natural gas, and oil.

	Greenhouse effect
	Natural effect that releases heat into the atmosphere near the earth’s surface.

	Greenhouse gas
	Gases in the lower atmosphere that cause the greenhouse effect.

	Non-renewable energy
	Those sources of energy that can't be replaced in a reasonable amount of time, such as the fossil fuels--oil, natural gas, and coal.

	Octane
	The ability of a fuel to resist engine knock or ping during combustion.

	Particulates
	Finely divided solid or liquid particles in the air or in an emission. Include dust, smoke, fumes, mist, spray, and fog.

	Petroleum
	An oily, thick, flammable, usually dark-colored liquid that is a form of various hydrocarbons, occurring naturally in various parts of the world and commonly obtained by drilling: used in a natural or refined state as fuel.

	Renewable energy
	Renewable resources; resources that can be replaced after use through natural means.

	Starch
	Complex carbohydrate consisting of molecules of sugar units or saccharides linked in branched or straight chains.

	Yeast
	A yellowish substance composed of microscopic, unicellular fungi of the family Saccharomycetaceae, which induces fermentation in juices, doughs, warts, etc.



[bookmark: DaytoDayPlans]Day-to-Day Plans
Time: 15 days
Day 1 – 2:
Present Concepts, Performance Objectives, Essential Questions, and Key Terms to students in order to provide a lesson overview.
Present Ethanol History and Production which includes the video, How is ethanol made? and Ethanol Process Graphic.
Provide a copy of Ethanol Activity 1 – Productive History to students.
Students work in pairs to complete Ethanol Activity 1 – Productive History.
Day 3:
Provide a copy of Ethanol Activity 2 – Production and Coproducts to students.
Students work in pairs to complete Part One of Ethanol Activity 2 – Production and Coproducts.
Day 4 – 6:
Present Ethanol Importance and Policy.
Provide a copy of Ethanol Activity 3 – Community and Role Card to each student.
Students will use their Role Card to prepare for a debate on developing an ethanol plant.
Students will complete Ethanol Activity 3 – Community.
Day 7:
Students work in pairs to complete Ethanol Activity 2 – Production and Coproducts.
Day 8 – 9:
Provide a copy of Ethanol Activity 4 – Combustion to students.
Students work in pairs to complete Part One of Ethanol Activity 4 – Combustion.
Day 10 – 11:
Provide a copy of Ethanol Activity 5 – Energy to students.
Students work in pairs to complete Ethanol Activity 5 – Energy.
Day 12 – 14
Present Cellulosic Ethanol which includes the videos The Future of Ethanol and Biomass: A New Opportunity.
Provide a copy of Ethanol Activity 6 – Technology to students.
Students work in pairs on Ethanol Activity 6 – Technology.
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Day 15:
Students work in pairs to complete Ethanol Activity 6 – Technology.
Distribute Ethanol Lesson Check for Understanding.
Students complete Ethanol Lesson Check for Understanding and submit for grading.
Use Ethanol Lesson Check for Understanding Key to grade student assessments.

[bookmark: TeacherNotes]Teacher Notes
Ethanol Activity 1 – History
Students make a poster explaining the history, processing, use, and environmental impact of ethanol.

Teacher Preparation
Present Ethanol Production and History before starting the activity. Use the video, How is ethanol made? and Ethanol Process Graphic in the presentation to help explain the production process to students. Below are notes for presentation slides.
Slide 1: Title slide.
Slide 2: No notes.
Slide 3: Use the video, How is ethanol made?, and graphic link on the slide to show students how ethanol and coproducts are produced.
Slide 4: Ethanol has been used since the start of automobile transportation.
Slide 5: Early on, many ethanol plants started small as seen in the picture to the left. Over time, the demand for ethanol has grown, as have the production plants, as seen in the picture to the right. The plants seen here show the growth of POET, a production leader in the ethanol industry.
Slide 6: POET grew from a small family farm to a large ethanol corporation supporting many family farms across the Midwest.
Slide 7: Local corn producers across the Midwest benefit from ethanol production. These local producers have an effect on the global economy.
Slide 8: Grain production has increased continuously due to new agricultural technologies and efficiencies.
Slide 9: No notes.
Slide 10: How can society utilize the increase of corn production?
Slide 11: Corn has traditional been used for food and feed. Over the past 30 years, fuel has been an added product due to increase corn yields.

Student Performance
Students research ethanol and construct an educational display to hang in the classroom or hallway. The displays include information outlined in the procedures. Below are recommended resources for students to use for making their displays.
Growth Energy – www.growthenergy.org
POET – www.poet.com
U.S. Energy Information Administration - https://www.eia.gov/energyexplained/index.php?page=biofuel_ethanol_home 
Energy 101 – www.energy-101.org

After students complete and display their work, provide time for students to observe each display, have a peer discussion on the impact of ethanol, and answer conclusion questions.

Ethanol Activity 2 – Production and Coproducts
Students will conduct an experiment to produce ethanol from ground corn.


Teacher Preparation
Use a coffee grinder to mill 450 – 500 grams of corn kernels. To provide an overview of the process of biofuel production, you will set up a demonstration sample using 30grams of milled corn. Follow the procedures below to prepare a sample five to seven days before introducing this activity.

Pre-Lab Fermentation
1. Prepare a yeast suspension at a rate of 1g yeast to 20ml water. The water should be 40-50°C. Use one half the total volume of water to dissolve the yeast, and then add remaining warm water. You will need a volume of 15ml total, but it is recommended that you prepare 30-40ml. If an entire yeast packet is used, dissolved the yeast in 100ml water, then bring total volume to 200ml.
1. In a 250ml Erlenmeyer flask, mix 30g crushed corn, 150ml warm water, and 15ml yeast solution.
1. Swirl the flask well to mix contents.
1. Place a two-hole stopper in the top of the flask, with a thermometer and 5cm glass tubing inserted into the holes.
· NOTE: You may use an immersion thermometer or a LabQuest with a temperature sensor. If using the LabQuest, you will need to place near an electrical outlet to collect data for the duration of the experiment. It is recommended to set the LabQuest to collect data every 15 minutes. 
1. Fill a 250ml beaker approximately half full with water. If desired, place 20 drops of bromthymol blue in the water to indicate CO2 output. 
1. Connect a piece of plastic tubing to the glass tubing and place the other end in the beaker of water. This allows CO2 to escape the flask, but prohibits O2 from entering and causing an aerobic environment.
1. Place entire apparatus in a warm environment of 25-30°C.
1. Monitor the apparatus daily. If using bromthymol blue as a color indicator, you may want to take pictures of the water solution once or twice daily to share with students later during the in-class demonstration.
Lab Safety and Disposal
Be sure students wear correct PPE for the activity. Review the SDS for biuret solution before starting the activity and dispose of in accordance to local, state, and national regulations.

Student Performance
Students observe you demonstrating the fermentation and distillation process using the demonstration fermenter described in the Teacher Preparation. Describe the steps in setting up the fermentation chamber. Demonstrate how to distill the ethanol using the protocol below. Then have students complete the activity.

In-class Demonstration
1. Discuss the apparatus set-up, proportions of ingredients used, and observations to date with students. Describe the appearance of the initial mixture and water beaker, changes, and current appearance. If available, show pictures of changes throughout.
Remove the stopper from the flask, and gently waft the fumes toward your nose. Describe the aroma to students. Replace the stopper in the flask.
	Fill the condenser chamber with crushed ice and cold water. Place the condenser in a utility clamp on a ring stand at approximately a 45° angle.
Position a 50ml beaker at the base of the condenser unit to catch the distillate.
Place the flask on a hot plate.
Remove the plastic tubing from the water beaker and connect it to the condenser unit.
Turn on the hot plate to medium. Observe the flask, if the solution begins to boil vigorously, turn down the heat to maintain a slow boil.
Maintain a slow boil until the thermometer reads 95°C. Turn off the hot plate.
When condenser unit stops dripping, observe the volume of the distillate. Discuss ratio of beginning ingredients to fuel produced.
Pour a small volume, approximately 2ml, of distillate into a shallow porcelain bowl and light using a long-handled butane lighter to demonstrate the production of fuel.
	[image: ]
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	Figure 1. Sample Distillation Apparatus



Results and Evaluation
When fermentation and distillation protocol are complete, students will submit lab reports for grading.

Ethanol Activity 3 – Community
Students research the Renewable Fuel Standard and use role playing to discuss the impact it has on them.

Teacher Preparation
Present Ethanol Importance and Policy. Below are notes for presentation slides
Slide 1: Title slide.
Slide 2: Ethanol benefits our economy while protecting our environment and increasing our national security.
Slide 3: Crude oil prices have increased much more over time than corn. How can we add value to corn in the future?
Slide 4: Ethanol is less expensive at the pump for the consumer, but does not have be less expensive than wholesale gasoline.
Slide 5: Ethanol has had a positive impact on our Nation’s economy.
Slide 6: World oil production is much higher in other parts of the world than in the United States. The United States has a strong agricultural economy. Ethanol is an answer to reducing our fuel dependence on foreign countries while supporting our agricultural economy.
Slide 7: The Renewable Fuel Standard was enacted to reduce our dependence on foreign oil.
Slide 8: Ethanol production will need to increase to meet the future goals of the Renewable Fuel Standard. Additional ethanol will need to be used to meet this goal.
Slide 9: Currently all engines are designed for gasoline with a 10% ethanol blend.
Slide 10: Increase use of other recognized ethanol percentages in gasoline can help achieve the Renewable Fuel Standard.
Slide 11: Many do not understand the facts about ethanol.
Slides 12 – 14: No additional notes.

Print Ethanol Activity 3 Community Role Cards prior to class. You will need two copies for a class of 20. It is recommended to print the cards on cardstock paper. Cut the cards and determine which student will be assigned each role. If you have a student who is capable assuming the role of the representative at the meeting, assign that student the role to chair the meeting. If not, you may chair the meeting.

Student Performance
Students read the scenario and their assigned role. Then they research the Renewable Fuel Standard and determine their discussion points. Students should recognize they do not have to agree with the role they are playing personally to represent the character well.

After students have completed their research, facilitate a mock town hall meeting. Set up the classroom with the representative in the front facing the audience. Remaining students will be seated in the audience. Encourage open discussion and debate.

Results and Evaluation
Assess student presentation and participation during the mock town hall meeting. Each student should turn in typed copy of their statement and summary at the end of the discussion. The statement should include whether they agree with the role they represented and why they did or did not agree with that role. Have a final discussion about how the Renewable Fuel Standard positively impacts the agricultural economy and environment.

Ethanol Activity 4 – Combustion
Use this activity to introduce students to differences in emissions produced by various energy sources. The ethanol represents a renewable energy source produced by agriculture that can be a suitable alternative to fossil fuels. Kerosene represents fossil fuels in this lab; kerosene is used instead of gasoline because of the less explosive nature of the material.

Teacher Preparation
Caution will need to be used for this activity as students will be using an open flame to complete the procedures. When using the LabQuest2 be sure students set up the equipment so they do not burn cords or equipment.

To set up this activity, fill five alcohol burners approximately 1/3 full of kerosene. Fill an additional five burners 1/3 full of ethanol. Adjust the wicks so 1/8 inch of the wick stands above the burner. Light and extinguish each burner. If necessary, adjust wick height. Obtain empty soup or juice cans and punch two holes directly across from each other approximately ½″ from the top of the can.

Demonstrate all procedures prior to students beginning work. Divide students into groups of four. They will work in pairs within their group, but share materials amongst all four.

Student Performance
Students compare the combustion of kerosene and ethanol. They measure the amount of heat energy, carbon dioxide, and soot produced by each fuel to determine the cleanest, most efficient source of energy. They measure heat production by burning the fuel beneath a can containing water. The rise in water temperature will be used to measure heat energy. Next, they extinguish the flame using a plastic bottle. The bottle collects the carbon dioxide produced during combustion. Students use a form of titration to measure carbon dioxide produced by each fuel. Finally, students observe the soot produced on the bottom of the can by each fuel. Students share their data with classmates to calculate a class average.

Results and Evaluation
Students should find the kerosene will produce a large flame with a large amount of soot. Ethanol will produce a much shorter flame with very little soot. Kerosene will produce less heat than the ethanol flame. You can discuss the heat produced with your students using the flame color. The ethanol flame is blue in color, which is a hotter flame. The carbon dioxide produced by each fuel will be similar. Carbon dioxide is a coproduct of fuel combustion.

Ethanol Activity 5 – Energy
Students use research of fuels during the first day of the activity and lab results from the second day to explain what factors they believe should be considered when deciding on a fuel source.

Teacher Preparation
Before class, fill five alcohol burners approximately 1/3 full with kerosene. Fill an additional five burners 1/3 full with ethanol. Adjust the wicks so 1/8 inch of the wick stands above the burner. Light each burner and extinguish. If necessary, adjust the wick height. Obtain empty soup or juice cans and punch two holes directly across from each other approximately ½″ from the top of the can.

Use caution for this activity as students will be using an open flame to complete the procedures. When using the LabQuest2 be sure that students set up the equipment so they do not burn cords or equipment.

Student Performance
Divide students into groups of four. They will work in pairs within their group, but share materials amongst all four. On day one of this activity, students work in pairs to research the advantages and disadvantages of fossil fuels and biofuels.

Before starting Part Two, it is recommended you demonstrate all procedures prior to students beginning work. Students will compare the energy efficiency of kerosene and ethanol. They burn ethanol and kerosene for the same amount of time while measuring the heat energy produced by the fuels. Then they measure the fuel used. Students use their heat and fuel measurements to calculate the efficiency of each fuel.

Results and Evaluation
They will find kerosene is more energy efficient than ethanol, but ethanol is more cost efficient for the consumer. Table 1 provides potential responses to analysis questions.

	Table 1. Analysis Questions and Potential Responses

	Compare the results to your prediction.
	Answers will vary.

	Which fuel produced more energy in three minutes?
	Ethanol will produce more heat energy.

	Which fuel was the most efficient?
	Kerosene is more efficient, produce more heat per volume used.

	Based upon the results, which fuel do you believe has the most energy per gallon? Why?
	Kerosene, because it had the most energy per gram.

	Why would a consumer choose ethanol instead of gasoline?
	Ethanol has a lower cost per calorie of energy produced.



Ethanol Activity 6 – Technology
In this activity, students determine whether acid treatment, enzyme treatment, or a combination of the two is the most effective technology for producing ethanol from cellulosic biomass.

Teacher Preparation
Before starting the activity, present Cellulosic Ethanol which includes the videos The Future of Ethanol and Biomass: A New Opportunity. Below are notes for presentation slides
Slide 1: Title slide
Slide 2: Discuss with students the types of cellulose they would find in their local area.
Slide 3: Ethanol can now be produced from both cellulosic and starch material for corn. Click on The Future of Ethanol link and play the video.
Slide 4: Click on Biomass: A New Opportunity and play the video. Note the space the biomass material occupies.

Students complete Part One and Part Two on the first day of the activity. Then the start Part Three on day two by fermenting the solution. Students complete the activity on the third day.

Day One
If you do not have the Celluclast™ enzyme available, prepare a 20% cellulase enzyme solution by mixing 3g cellulase powder into 15ml distilled water. Each group of students needs 2ml of enzyme solution. Grind corn stalks using a coffee grinder, each pair will need 1gram of ground stalks.

Collect materials listed in student activity for Parts One and Two. Prepare stations for students to retrieve ground corn stalks, CelluclastTM enzyme, and sulfuric acid. Set a water bath to 50°C.

Refer to the Vernier Ethanol Sensor Manual for information on operating and maintaining the sensor. Students use the ethanol sensor to measure ethanol vapor not liquid. Do not get the sensor wet. The sensor element is protected with Teflon™ tape in case it does get wet. The sensor has a range of zero to three percent. With no ethanol present, the meter will still show a percentage of 0.01. For more information on the ethanol sensor go to https://www.youtube.com/watch?v=56tZ_62U7F8 for a video explaining use in more detail.

Day Two
Prepare a station for students to retrieve yeast. Adjust the water bath to 37.5°C.

Student Performance
Part One
Students heat-treat all biomass samples and observe physical changes in the samples. They use an ethanol sensor to measure the ethanol concentration of each sample after heat treatment. Students record observations and data.

Review the MSDS sheets for 0.05M sulfuric acid and Celluclast™. Remind students of your safety guidelines and spill procedures. Dispose of waste chemicals in accordance with local regulations.

Monitor students as they extract enzyme from the single container as it can cause skin and eye irritation. Students must wear safety glasses, disposable gloves, and a lab apron to protect their skin and clothing from the enzyme.

	Part Two
Students treat the samples with sulfuric acid and Celluclast™ per Table 2. One sample is untreated and serves as the control. The students process samples in a 50°C water bath for 24 hours. Students answer analysis questions on the student worksheet. Example responses are available below.
	Table 2. Acid and Enzyme Treatments

	
	Tube
	0.05M SO2
	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

	
	



Students observe physical changes in the samples and use an ethanol sensor to measure ethanol concentration of each sample after treatment. Students record observations and data on the student worksheet. Sample observations and data are recorded below.

	Part Three
Yeast is added to each sample to ferment sugars. Students incubate the samples at 37.5°C for 24 hours. Physical changes in the samples are observed. Students use an ethanol sensor to measure the ethanol concentration of each sample after fermentation. Figure 1 shows a sample set of tubes after the final incubation period.

Students record observations and data in their Laboratory Notebook. Students answer Part Three Analysis Questions on the student worksheet. See sample results, observations, and analysis question responses below.
	[image: ]

	
	Figure 1. Sample Ethanol Mash



Results and Evaluation
Students should find the combination of acid and enzyme treatment is the most effective in producing cellulosic ethanol. Students will complete a lab report explaining their results.

	Table 3. Part Two Analysis Questions and Potential Responses

	1. What is the purpose of heating all the samples?
	Heat treatment breaks cellulose into starches and sugars.

	Why was the ethanol concentration small after heat treatment?
	Ethanol is produced primarily by fermentation. Little or no fermentation has occurred.

	Why are the samples treated with sulfuric acid and Celluclast™ individually and in combination?
	All possible combinations of treatments must be tested to identify the effective treatments.

	Fermentation produces ethanol. Why measure for ethanol prior to fermentation?
	Checking ethanol levels at each step verifies that no contamination has occurred.

	If both sulfuric acid and Celluclast™ enzyme increase sugar production, which treatment should produce the most ethanol?
	Sample 4, treated with both acid and enzyme should produce the most ethanol.

	Tube 1, which has no sulfuric acid or Celluclast™ enzyme treatment is the control sample. What is its purpose?
	Tube 1 is used to verify no ethanol is produced other than by the processes tested.



	Table 4. Observations and Ethanol Production

	Tube #
	Observations
	Heat Treatment Results
	Acid/Enzyme Treatment Results
	Fermentation (Yeast) Result

	Tube 1
(Control)
	Appearance
	Amber colored water
Corn stover layered at bottom
Woody odor
	Golden brown water
Corn stover layered at bottom
Slightly stronger woody odor
	Cloudy water
Corn stover Yeasty odor

	
	Ethanol %
	0.057%
	0.320%
	0.885%

	Tube 2
(SO2)
	Appearance
	Amber colored water
Corn stover layered at bottom
Woody odor
	Clearer water
Corn stover layered at bottom
Stronger woody odor
	Cloudy water
Corn stover
Yeasty odor

	
	Ethanol %
	0.053%
	0.319%
	0.913%

	Tube 3
(Cellulase)
	Appearance
	Amber colored water
Corn stover layered at bottom
Woody odor
	Golden brown water
Corn stover layered at bottom
Reduced odor
	Yellow water
Three layers of corn stover, yeast
Yeasty odor

	
	Ethanol %
	0.050%
	0.319%
	1.010%

	Tube 4
(SO2 and cellulase)
	Appearance
	Amber colored water
Corn stover layered at bottom
Woody odor
	Cloudy water
Corn stover layered at bottom
Reduced odor
	Yellow water
Corn stover
Yeasty odor

	
	Ethanol %
	0.050%
	0.315%
	1.345%



	Table 5. Part Three Analysis Questions and Potential Responses

	1. What were the ethanol concentrations after the chemical and enzyme treatments, but prior to the fermentation step?
	Answers will vary, but concentrations prior to fermentation should be lower than after fermentation.

	Based on the data, formulate a hypothesis about the most effective biomass treatment to produce ethanol and describe an experiment to test your hypothesis.
	Answers will vary, but the proposed experiment should change some variable and measure the resulting change in ethanol concentration. For example: Doubling the heat treatment time will increase ethanol concentration by 25%.

	Which treatment, sulfuric acid or Celluclast™, produced a larger increase in sugar production? How do you know?
	The Celluclast™ treatment produced the most sugar. The ethanol content was highest in this mixture and sugar is needed to produce ethanol. 



Ethanol Lesson Assessment
Use Ethanol Lesson Assessment on the final day as a formative assessment tool. The answer key is provided below for evaluation and feedback purposes.

	1. What industries benefit from ethanol production?

	
	Answers will vary.
Agriculture
Transportation
Industries dependent upon combustibe fuels


	What are the advantages of using ethanol instead of a fossil fuel?

	
	Ethanol is a renewable fuel that burns cleaner with fewer emissions.


	How is ethanol produced from corn kernels?

	
	Fermentation occurs when yeast feeds on the starch in the corn and produces ethanol and carbon dioxide. The ethanol is purified from the fermentation mixture using distillation.


	What is a coproduct of ethanol production?

	
	Distillers grains


	What is the Renewable Fuel Standard?

	
	The RFS requires fuel companies to purchase and blend renewable fuels with fossil fuels.

	How does the Renewable Fuel Standard impact rural communities?

	
	Answers will vary.
The RFS increases rural economic support for local energy production and consumption.

	How do the coproducts of ethanol combustion compare to fossil fuel combustion?

	Both ethanol and fossil fuel emit carbon dioxide when combusted. Fossil fuels produce more carbon dioxide than ethanol along with additional pollutants.


	What factors should a consumer consider when choosing a combustible fuel?

	
	Answers will vary.
Fuel cost
Octane ratings
Emissions
Local support of economy



	What are the advantages and disadvantages of cellulosic ethanol?

	
	Answers will vary.
[bookmark: _GoBack]Cellulosic ethanol is produced from agricultural products not being utilized for fuel, making full use of the crop.
Cellulosic waste materials is removed from farmer’s fields and used for fuel production.



[bookmark: SuppliesMaterials]Supplies and Materials
	APP
	Qty/
20
	Qty/
30
	Unit
	Item Specifications
	Vendor

	Activity 1
	10
	15
	Each
	Poster boards
	Local

	
	10
	15
	Sets
	Assorted markers
	Local

	
	10
	15
	Each
	Glue sticks
	Local

	
	10
	15
	Pairs
	Scissors
	Local

	Activity 2
	10
	
	Each
	250ml beaker
	Ward’s

	
	10
	
	Each
	50ml beaker
	Ward’s

	
	10
	
	Each
	Thermometer
	Ward’s

	
	10
	
	Grams
	Yeast
	Local

	
	1
	2
	Each
	Microwave
	Local

	
	10
	
	Each
	250ml Erlenmeyer flask
	Ward’s

	
	300
	450
	Grams
	Crushed corn
	Local

	
	4
	6
	Each
	Electronic balance
	Ward’s

	
	10
	15
	Each
	Two-hole stopper
	Ward’s

	
	10
	15
	Each
	5cm glass tubing
	Ward’s

	
	40
	60
	Ft
	Plastic tubing
	Lab-Aids

	
	10
	15
	Each
	Bromothymol blue
	Ward’s

	
	1
	1
	Each
	Coffee grinder
	Local

	
	10
	15
	Each
	Condenser
	Lab-Aids

	
	20
	30
	Lbs
	Crushed Ice
	Local

	
	10
	15
	Each
	Utility clamp
	Ward’s

	
	10
	15
	Each
	Ring stand
	Ward’s

	
	1
	1
	Each
	Porcelain Bowl
	Ward’s

	
	1
	1
	Each
	Butane lighter
	Local

	
	10
	10
	Each
	Test tube
	Ward’s

	
	10
	10
	Each
	Eye dropper
	Ward’s

	
	30
	45
	ml
	Biuret solution
	Ward’s

	
	20
	30
	Each
	Safety glasses
	Ward’s

	
	20
	30
	Each
	Lab apron
	Ward’s

	
	20
	30
	Pair
	Nitrile or plastic gloves
	Ward’s

	Activity 4
	10
	15
	Each
	LabQuest2
	Vernier

	
	10
	15
	Each
	Temperature Sensor
	Vernier

	
	10
	15
	Each
	Forceps
	Ward’s

	
	20
	30
	Each
	Empty soup cans
	Local

	
	10
	15
	Each
	Butane lighter
	Local

	
	10
	15
	Each
	125ml plastic bottle with lid
	Ward’s

	
	20
	30
	Each
	Stirring rods
	Ward’s

	
	20
	30
	Each
	Single hole stoppers
	Ward’s

	
	10
	15
	Each
	Ring stand
	Ward’s

	
	10
	15
	Each
	10cm ring
	Ward’s

	
	10
	15
	Each
	Utility clamp
	Ward’s

	
	10
	15
	Each
	100ml graduated cylinder
	Ward’s

	
	20
	30
	Each
	30ml graduated cups
	Lab-Aids

	
	10
	15
	Each
	Beaker tongs
	Ward’s

	
	5
	8
	Rolls
	Paper towels
	Local

	
	10
	15
	Each
	Water
	Local

	
	5
	8
	Each
	60ml burner with kerosene
	Lab-Aids

	
	5
	8
	Each
	60ml burner with ethanol
	Lab-Aids

	
	5
	8
	Each
	Bromthymol blue (BTB)
	Lab-Aids

	
	5
	8
	Each
	Sodium hydroxide dropper
	Lab-Aids

	
	20
	30
	Each
	Safety glasses
	Ward’s

	
	20
	30
	Each
	Lab apron
	Ward’s

	Activity 5
	5
	8
	Each
	60ml burner with kerosene
	Lab-Aids

	
	5
	8
	Each
	60ml burner with ethanol
	Lab-Aids

	
	5
	8
	Each
	Electronic Balance
	Ward’s

	
	10
	15
	Each
	10cm ring
	Ward’s

	
	10
	15
	Each
	Utility clamp
	Ward’s

	
	20
	30
	Each
	Stirring rods
	Ward’s

	
	20
	30
	Each
	Single hole stoppers
	Ward’s

	
	10
	15
	Each
	Ring stand
	Ward’s

	
	10
	15
	Each
	10cm ring
	Ward’s

	
	10
	15
	Each
	100ml graduated cylinder
	Ward’s

	
	20
	30
	Each
	Empty soup cans
	Local

	
	10
	15
	Each
	Metric ruler
	Local

	
	20
	30
	Each
	Safety glasses
	Ward’s

	
	20
	30
	Each
	Lab apron
	Ward’s

	Activity 6
	1
	1
	Each
	Water bath
	Ward’s

	
	10
	15
	Grams
	Ground corn stalks
	Local

	
	1
	1
	Each
	Coffee grinder
	Local

	
	5
	8
	Each
	Permanent marker
	Local

	
	5
	8
	Each
	Electronic balance
	Ward’s

	
	20
	32
	Each
	50ml falcon tubes
	Amazon

	
	5
	8
	Each
	Test tube racks
	Ward’s

	
	5
	8
	Each
	Test tube tongs
	Ward’s

	
	5
	8
	Each
	LabQuest2
	Vernier

	
	5
	8
	Each
	Ethanol sensor
	Vernier

	
	5
	8
	Roll
	TeflonTM tape
	Local

	
	5
	8
	Pair
	Scissors
	Local

	
	5
	8
	Each
	Hot plate
	Ward’s

	
	5
	8
	Gal
	Distilled water
	Local

	
	5
	8
	Each
	400ml beaker
	Ward’s

	
	5
	8
	Each
	250ml beaker
	Ward’s

	
	55
	8
	Each
	100ml graduated cylinder
	Ward’s

	
	5
	8
	Each
	Weigh dishes
	Ward’s

	
	5
	8
	Each
	Plastic spoon
	Local

	
	10
	16
	Each
	1ml graduated pipets
	Ward’s

	
	1
	1
	Bottle
	50ml Celluclast enzyme
	Sigma

	
	1
	1
	Bottle
	0.05M sulfuric acid, 500ml
	Ward’s

	
	1
	1
	Jar
	Yeast, 4oz.
	Local

	
	20
	30
	Each
	Safety glasses
	Ward’s

	
	20
	30
	Each
	Lab apron
	Ward’s

	
	20
	30
	Pair
	Nitrile or plastic gloves
	Ward’s
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Preface


 


Ethanol 


is a renewable


 


energy


 


processed from agricultural products with a high starch content, such as 


corn kernels.


 


Starch


 


e


thanol processing plants


 


mill the corn and then use 


enzymes to break down the 


starch into simple sugars


. The milled 


corn seed 


with enzymes are then mixed


 


with warm water and yeast. 


The y


east consumes the 


sugars


 


during an anaerobic fermentation process, 


producing ethanol and carbon


-


dioxide. 


Processing plants separate the


 


ethanol from fermentation 


coproduct


s 


using distillation. 


Fermentation 


coproduct


s, such as distillers grains can be used as a high protein animal feed.


 


 


Congress created the renewable fuel standard (RFS) program to reduce greenhouse gas emissions and 


expand the nation’s renewable fuels sector while reducing reliance on imported oil. This program was 


authorized under the Energy Policy Act of 2005 and expand


ed under the Energy Independence and 


Security Act of 2007.


 


Every year, the R


enewable Fuel Standard


 


requires more renewable fuel to be 


blended into our nation’s transportation fuel


. 


The goals of the Renewable Fu


el 


S


tandard include reducing 


U.S. dependence o


n foreign oil, 


rejuvenating rural America, 


expand


ing


 


the renewable fuel industry, and 


decreas


ing


 


greenhouse gas emissions. When ethanol c


ombust


s


,


 


it releases fewer pollutants than 


traditional gasoline. The total carbon dioxide emitted from ethanol is also 


less than gasoline.


 


 


In the future, n


ew technologies


 


will allow us to efficiently produce ethanol from other agricultural products, 


such as cellulosic material. Corn stalks 


and cobs 


are agricultural 


coproduct


s


 


made of cellulose that can be 


converted into e


thanol.


 


 


In this lesson, 


students will research the history of ethanol, produce ethanol 


from corn products,


 


discuss 


the benefits of the Renewable Fuel Standard, and combust ethanol to measure its energy content and 


coproduct


s.


 


 


Concepts


 


Performance Objecti


ves


 


Students will know and understand


 


Students will learn concepts by doing


 


1.


 


Industry, innovation, and technology led to the 


development of 


starch


-


based ethanol.


 


·


 


Make a poster board describing the history and 


development of 


ethanol


.


 


(Activity 1)


 


2.


 


Ethanol plants 


use fermentation to 


convert corn into 


biofuels and animal feed products.


 


·


 


Make ethanol 


and distillers grains 


from ground corn 


seed and corn starch.


 


(Activity


 


2)


 


3.


 


The United States government developed the 


Renewable Fuel Standard (RFS) program with the 


intent of reducing greenhouse gasses, increasing 


renewable fuel production, and decreasing dependence 


on foreign oil.


 


·


 


Research the RFS program and debate the 


benefits of 


the program from multiple perspectives.


 


(Activity 


3


)
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Reference S ources   

  Preface   Ethanol  is a renewable   energy   processed from agricultural products with a high starch content, such as  corn kernels.   Starch   e thanol processing plants   mill the corn and then use  enzymes to break down the  starch into simple sugars . The milled  corn seed  with enzymes are then mixed   with warm water and yeast.  The y east consumes the  sugars   during an anaerobic fermentation process,  producing ethanol and carbon - dioxide.  Processing plants separate the   ethanol from fermentation  coproduct s  using distillation.  Fermentation  coproduct s, such as distillers grains can be used as a high protein animal feed.     Congress created the renewable fuel standard (RFS) program to reduce greenhouse gas emissions and  expand the nation’s renewable fuels sector while reducing reliance on imported oil. This program was  authorized under the Energy Policy Act of 2005 and expand ed under the Energy Independence and  Security Act of 2007.   Every year, the R enewable Fuel Standard   requires more renewable fuel to be  blended into our nation’s transportation fuel .  The goals of the Renewable Fu el  S tandard include reducing  U.S. dependence o n foreign oil,  rejuvenating rural America,  expand ing   the renewable fuel industry, and  decreas ing   greenhouse gas emissions. When ethanol c ombust s ,   it releases fewer pollutants than  traditional gasoline. The total carbon dioxide emitted from ethanol is also  less than gasoline.     In the future, n ew technologies   will allow us to efficiently produce ethanol from other agricultural products,  such as cellulosic material. Corn stalks  and cobs  are agricultural  coproduct s   made of cellulose that can be  converted into e thanol.     In this lesson,  students will research the history of ethanol, produce ethanol  from corn products,   discuss  the benefits of the Renewable Fuel Standard, and combust ethanol to measure its energy content and  coproduct s.    

Concepts  Performance Objecti ves  

Students will know and understand  Students will learn concepts by doing  

1.   Industry, innovation, and technology led to the  development of  starch - based ethanol.     Make a poster board describing the history and  development of  ethanol .   (Activity 1)  

2.   Ethanol plants  use fermentation to  convert corn into  biofuels and animal feed products.     Make ethanol  and distillers grains  from ground corn  seed and corn starch.   (Activity   2)  

3.   The United States government developed the  Renewable Fuel Standard (RFS) program with the  intent of reducing greenhouse gasses, increasing  renewable fuel production, and decreasing dependence  on foreign oil.     Research the RFS program and debate the  benefits of  the program from multiple perspectives.   (Activity  3 )  

