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	Ethanol Activity 5 – Energy
	



Purpose
When you go to the gas station to purchase fuel, there are many types to choose. Besides different forms of fossil fuels, such as gasoline and diesel, the station may sell renewable fuels, such as ethanol or biodiesel. Many vehicles today use both fossil and renewable fuels. What type of fuel should you choose?

Consumers consider engine performance, cost, availability, environmental impact, and efficiency before deciding on a fuel to purchase. The octane rating of a fuel impacts engine performance. The octane rating determines the amount of compression needed in the engine for a fuel to ignite. Fuels with low octane rating ignite under less compression than fuels with a high octane rating. If a fuel ignites too early in the combustion process due to a low octane rating, a pinging or knocking noise may be heard coming from the engine. Ethanol has a high octane rating. Ethanol can be blended with gasoline in place of chemicals to increase the gasoline’s octane rating and engine performance.

Consumers use fuel efficiency to determine fuel cost. Calculate fuel efficiency by measuring the heat energy released during combustion. Fuels absorb and release energy when they combust. The energy a fuel produces depends upon the number and types of bonds holding the fuel molecule together. Heat energy is measured in calories. The greater the number of calories of heat produced per gram of fuel, the more potential energy the fuel has.

What factors should you consider when choosing a fuel? Which fuels are more cost efficient?

Materials
	Per student:
Pencil
Safety glasses
Lab apron
Calculator 
	Per pair of students:
Computer with Internet access
Ring stand
10cm ring
Utility clamp
Metric ruler
LabQuest2
Vernier temperature sensor
Empty soup can
100ml graduated cylinder
2 stirring rods
2 single hole stoppers

	Per group of four students:
60ml fuel burner with kerosene
60ml fuel burner with ethanol
Long handled butane lighter
Electronic balance 
	



Procedure
Your group will break into two pairs and research the advantages and disadvantages of fossil fuels and ethanol. Each pair will choose a fuel to burn. You and your partner will burn the chosen fuel and measure the number of calories per gram. Finally, your group will compare the results.

Part One – Biofuel Background
Work with your partner to research the advantages and disadvantages of both fossil fuels and ethanol. Use the websites listed to begin your research.
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How Stuff Works: Biofuels vs Fossil fuels: http://auto.howstuffworks.com/fuel-efficiency/biofuels/biofuel-fossil-fuel.htm
Ethanol Facts: https://growthenergy.org/fast-facts/
Record three advantages and disadvantages of biofuels and fossil fuels in Table 1 of Activity 5 Student Worksheet.
Predict whether ethanol or kerosene will be a more efficient producer of energy on the student worksheet.

Part Two – Apparatus Setup
Your teacher will demonstrate how to setup the apparatus before beginning Part Two.

1. Decide who will test ethanol, a biofuel, and who will test kerosene, a fossil fuel.
Put on your safety glasses and lab apron. Tie back long hair.
Use an electronic balance to measure the mass of the burner containing the assigned fuel. Be sure the cap is on the burner.
Record the initial mass of the fuel container in Table 2 of Activity 5 Student Worksheet.
	Prepare the apparatus as demonstrated by your teacher. (See Figure 1.)
Set the burner on the platform of the ring stand and remove the cap.
Place the 10cm ring on the ring stand.
Fill the can with 100ml of water using a graduated cylinder.
Insert a stirring rod through the holes in the top of the can and hold it in place with two one-hole stoppers. Position the can 5cm (~2 inches) above the burner using the 10cm ring.
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	Figure 1. Apparatus Setup


Setup up the LabQuest2.
Turn on the LabQuest2.
Plug in the temperature sensor into Channel 1.
Change the units to °C.
Choose New from the File menu. On the Meter screen, select Rate on the touch screen.
Change the data collection rate to 0.2 samples/second. Set the data collection length to 180 seconds.
Tap OK.
Use a utility clamp to hold the temperature sensor so 2 – 3cm of the sensor is in the water without touching the sides or the bottom of the can.

Part Three – Fuel Combustion
1. Start data collection on the LabQuest2 by tapping on START.
Quickly, light the wick with the lighter. CAUTION: Always keep hair and clothing away from open flames.
Stir the water slowly and continuously using a stirring rod.
After data collection stops, extinguish the flame by placing the cap over the wick.
Analyze the data.
Choose Statistics from the Analyze menu
Record the Maximum (final) and Minimum (initial) temperatures recorded during data collection in Table 2 on the student worksheet.
Use the electronic balance to measure the final mass of the fuel container with the cap on and record in Table 2.
Calculate the change in temperature by subtracting the initial temperature from the final temperature and record in Table 2.
Calculate the change in mass by subtracting the final mass from the initial mass and record in Table 2.
Complete Table 2 by sharing data with your group.

Part Four – Fuel Efficiency
One calorie is equal to the heat energy required to raise the temperature of 1g of water 1°C. Figure 2 shows the equation for finding calories. One milliliter of water is equal to 1 gram of water.
	

	Figure 2. Calorie Equation



1. Use the data from Table 2 to calculate the number of calories each fuel produced. Show your work in Table 3 on the student worksheet and circle your answer.
Calculate the fuel efficiency by finding the number of calories in each gram of fuel.
The calories per gram is equal to the calories the fuel produced divided by the fuel burned (change in mass). Show your work in Table 3 on the student worksheet and circle your answer.
	

	Figure 3. Efficiency Equation



You purchase fuel by volume, convert the number of calories per gram of fuel into calories per ml by multiplying the calories per gram times the density of the fuel. Figure 4 contains the density calculations for each fuel. Show your work in Table 3 on the student worksheet and circle your answer.
	Ethanol Density Calculation
	Kerosene Density Calculation 

	
	

	Figure 4. Fuel Density Equations



There are 3785ml per gallon. Multiply the number of calories in each fuel by the 3785 to find the total calories in a gallon of ethanol and gallon of gasoline. Show your work in Table 3 on the student worksheet and circle your answer.
The current price of a gallon of ethanol is $2.00 and a gallon of gasoline is $2.75. Use the equations in Figure 5 to find the cost per calorie of ethanol and gasoline.
	Ethanol Cost Calculation
	Kerosene Cost Calculation 

	
	

	Figure 5. Cost per Calorie Equations



Answer analysis questions on the student worksheet

Conclusion
1. How do you determine the amount of energy in a fuel?


Why is fuel efficiency an important factor to consider when choosing a fuel?


What other factors should you consider besides energy efficiency when selecting a fuel?
1. 
	Name_____________________________________________________


Activity 5 Student Worksheet

	Table 1. Fuel Comparison	

	Biofuels

	Advantages
	

	
	

	
	

	Disadvantages
	

	
	

	
	

	Fossil Fuels

	Advantages
	

	
	

	
	

	Disadvantages
	

	
	

	
	



Based upon the advantages and disadvantages listed, what factors besides efficiency influence the use of biofuels?



	Prediction: Will ethanol or kerosene be more efficient? Why?

	







	Table 2. Fuel Measurements

	Fuel
	Initial Mass (g)
	Final Mass (g)
	Change in Mass (g)
	Initial Temp. (°C)
	Final Temp. (°C)
	Change in Temp (°C)

	Ethanol
	
	
	
	
	
	

	Kerosene
	
	
	
	
	
	



	Table 3. Energy Efficiency
	
	

	Fuel
	Calorie
Calculation
	Calories per Gram Calculations
	Calories per Milliliter Calculations
	Calories per Gallon Calculation
	Cost per Calorie Calculation

	Ethanol
	
	
	
	
	

	Kerosene
	
	
	
	
	



Analysis Questions
Compare the results to your prediction.



Which fuel produced more energy in three minutes?



Based upon the results, which fuel do you believe has the most energy per gallon? Why?
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