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ALTERNATIVE ENERGY SOURCES
Goal:  To help students understand solar, wind, and electrical energy as alternative sources of energy to help reduce the use of fossil fuels.
This lesson was adapted from the Snap Circuits Green Alternative Energy manual (projects 1, 3, 38, 39, 41
LESSON OUTLINE

I.  Introduction
Show the pie chart for U.S. Electricity Generation by Source.  Discuss the fact that over 69% of electricity generation uses fossil fuels.  
A.  How Do Power Plants Produce Electricity?

Explain how power plants produce electricity.  Be sure students understand the concept of turbines and electric generators.

B.  Alternative Energy Sources
Some alternative ways of producing electricity help reduce the dependence on fossil fuels.  This lesson illustrates how solar, wind, and chemical energy can be used to produce electricity. 
1.  Solar:  This lesson will demonstrate the use of solar panels as a source of electrical energy.

2.  
Wind:  Wind Energy to Mechanical Energy to Electrical Energy:  Wind turns large blades on a windmill to produce mechanical energy which drives an electric generator. (show picture).

3. Batteries: Chemical Energy to Electrical Energy:  This lesson uses two types of batteries.

(a) The rechargeable battery. 

(b) A liquid battery uses a salt solution (sodium sulfate). 
II.  Elenco Setup for Alternative Energy Sources 

Divide the class into 10 groups, and give each group an Elenco Board which is assembled as the picture shown in Diagram 1.  Also give students the green container outfitted with copper and zinc electrodes.  Fill each compartment of the green container with 0.1 M sodium sulfate.

A.  Voltage Readings and Amperage Readings

Students make voltage and amperage measurements for (1) Rechargeable batter, (2) Hand

Crank, (3) Solar panel, (4) Windmill, and (5) Liquid Battery.

B.  Powering Digital Clock 
Students hook up a digital clock to each power source and see if the clock works.  

C.  Powering the yellow LED (D5) 
III.  Review 
Materials

10 Elenco circuit board set up as shown in Diagram 1.  
1 flashlight

1 bottle of 0.05 M sodium sulfate solution for the liquid battery

10 sets of diagrams for 

(1) Picture of circuit board with all items 

(2) Chart of Electricity Generation by Source
(3) Picture of coal fired power plant, solar plant, wind farm
10 instruction sheets

1 observation sheet (in sheet protector)
While one team member starts the Introduction, another should write the following vocabulary words on the board:


fossil fuels

turbine

generator
voltage

amperage



solar energy

wind energy
battery

LED




I.  INTRODUCTION
Show the pie chart for U.S. Electricity Generation by Source.  Discuss the fact that over 69% of electricity generation uses fossil fuels.  This lesson discusses alternative energy sources that will help reduce the usage of fossil fuels for generation of electricity.

A.  How Do Power Plants Produce Electricity?
(1) Power plants that burn fossil fuels (Have each group look at Power Plant Diagram)
· At the present time, most power plants burn fossil fuels such as coal, oil, or gas.  In the U.S. 50% of the power plants use coal. 
· The heat produced by burning coal is used to heat water to form steam at high pressure. This steam turns a windmill-like device called a turbine, connected to an electric generator.  
· An electric generator converts mechanical energy into electrical energy.  The simplest electric generator is a hand-crank generator like the one used in this lesson. Turning the crank rotates a coiled wire in a magnetic field to produce an electric current in the wire. In a power plant, the mechanical energy to turn the shaft of the generator is provided by a turbine.  Think of a turbine as a made of tightly packed metal blades.  
· In coal-fired power plants, the coal is burned to heat water and produce steam.  The steam is directed at the blades in the turbine, causing them to turn.  The turbine is linked to a generator, so the generator spins around with the turbine blades. As it spins, the generator uses the kinetic energy from the turbine to make electricity.  The generator converts the kinetic energy of the spinning turbine into electrical energy.  
 (2) Nuclear power plants produce heat energy by splitting apart atoms of fissionable materials such as uranium and plutonium.  From this point on, the same steps are followed – heating water

to produce steam to drive a turbine to turn a generator to produce electricity.  Nuclear power plants produce 10% of the electricity in the U.S. 
(3) In a hydroelectric power plant, the mechanical energy to turn the generator comes from the water turbine, which is turned by the force of falling water. Hydroelectric power plants produce about 65 of the electricity in the U.S.
B.  Alternative Energy Sources
1.  Solar:  The light of the sun can be used to convert (1) light energy to heat energy (solar furnace) or (2) light energy to electrical energy (solar photovoltaic cells). 

(a) Light Energy to Heat Energy to Electrical Energy:  A solar furnace focuses the sun on banks of mirror reflectors that are used to heat water to produce steam.  The steam turns turbines to produce electricity. (show picture).
(b) Light Energy to Electrical Energy: Solar cells convert solar energy to electrical energy.   Thousands of solar cells are hooked together to make a solar panel.  
This lesson will demonstrate the use of solar panels as a source of electrical energy.

2. Wind:  Wind Energy to Mechanical Energy to Electrical Energy:  Wind turns large blades on a windmill to produce mechanical energy which drives an electric generator (show picture).
3. Batteries: Chemical Energy to Electrical Energy:  Chemical batteries produce electrical energy by using oxidation-reduction reactions.  This lesson uses two types of batteries.

(a) The rechargeable battery uses a reversible chemical reaction that can produce electrical energy and then be reversed to re-charge the battery by converting electrical


energy to chemical energy.  

(b) A liquid battery uses a salt solution (sodium sulfate) to carry the electrons produced in the oxidation-reduction reaction of zinc and copper.
II.  Elenco Setup for Alternative Energy Sources 
Divide the class into 10 groups, and give each group an Elenco Board and set of instructions.  Also give students the green container outfitted with copper and zinc electrodes.  Fill each compartment of the green container with 0.05 M sodium sulfate.
A.
Voltage Readings and Amperage Readings
Tell students to:

1. Hook up the red and black jumper wires to the meter (M6) and to one of the power sources at a time, as shown in the Instructions.  Make sure the black switch on the M6 meter is to the left for the 5V setting and then measure and record the voltage in the appropriate column in the Observation Sheet Table.   
2. Then change the switch to the middle (0.5 mA and then to the right 50 mA) and record the mA reading.  
3. Repeat measurements for other power sources in the order they are given in Table. 
a.   Rechargeable Battery (use projects 1 and 3 to charge the battery)
b. Hand Crank – turn it clockwise during measurements, 

c.   Solar panel - a flashlight beam should be held two inches from the solar panel during measurements, 

d. Windmill – make sure the windmill fan is on the motor as shown in the Project #38 diagram in Snap Circuits manual.  For the Windmill, the red jumper wire should be hooked to (-) and the black jumper wire to (+).  Blow on the windmill while taking measurements.  The fan may need a gentle push to get it started. 

e.   Green container with zinc and copper electrodes – connect the red jumper cable to the end that has the copper electrode and the black jumper cable to the zinc electrode on the other end. A solution of sodium sulfate is being used as an electrolyte in this experiment.

B.
Powering Digital Clock 

Tell students to:

1. Replace the M6 meter with the digital clock, and place the red jumper cable on the positive end and the black jumper cable on the negative end.  
2. Hook up the other end of the red and black jumper to the power sources one at a time and see if the clock works.  Make notes in the columns provided for each power source. 

C.
Powering the yellow LED (D5) 
Replace the clock with the yellow LED.  See which power sources light the LED and note this on the table.


NOTES FOR TEACHERS
1. Take the bottle of 0.05 M sodium sulfate and fill each compartment of the green container (called liquid battery) about 2/3 full.  After the session is over, please empty the green container in a sink and rinse the container with water.  
2. Windmill circuit – replace the fan on the motor if it has fallen off.  As their instruction sheet states - the red (+) wire has to be hooked up to the negative terminal on the motor, and the black (-) wire has to be hooked up to the positive terminal on the motor to get a reading on the meter.   Students should blow a steady stream on the fan to get a meter reading.
3. Help protect the meters by making sure students aren’t hooking up the meter wrong or leaving it connected when it is off scale.
ALTERNATIVE ENERGY LESSON

Observation Sheet
Name _________________________________ 
Vocabulary Words
fossil fuels

turbine

generator
voltage


amperage


solar energy

solar furnace

solar cells
solar panels



wind energy

battery

LED
	Power Source
	Highest Meter Voltage, volts
	Highest Meter Current

Milliamps (mA)
	Clock

Does it work?  Yes, No
	Yellow LED Does it light?

Yes, No

	Rechargeable

Battery


	
	
	
	

	Hand Crank


	
	
	
	

	Solar Panel


	
	
	
	

	Windmill


	
	
	
	

	Liquid Battery
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Coal fired power plant

Panels containing solar cells make up the new West Tennessee Solar Farm in Stanton, Tenn. (Adrian Sainz photo/AP) 
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  The Buffalo Mountain Wind Energy Center

[image: image6.emf]INSTRUCTION SHEET FOR HAND CRANK     1.   Hook up the red (+) and black ( - ) jumper wires to the meter   (M6) and to the handcrank on the circuit board, (+) to (+) and ( - ) to ( - ).     2.   Make sure the black switch on the M6 meter is to the left for the 5V setting.       3.  W hile turning the hand crank gently and continuously to the right (clockwise), record  the voltage reading on the meter.     4.   Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and  record the milliamp (Ma) reading. Caution: If amperage r eading goes off scale on 0.5  mA, move switch to the right to 50 mA. If it goes off scale here, disconnect the wire and  record the reading as “greater than 50 mA.”        5.   Remove the jumper wire snaps from the meter and hook them up to the digital  clock. (Con nect the red jumper cable to the positive end and the black jumper cable to the  negative end.) Turn the hand crank gently and continuously to the right and check to see  whether the clock works.  Record a “Yes” or “No” in the clock column for this power  sou rce.      5.  Remove the jumper wire snaps from the clock and hook them up to the yellow LED.  (Connect the red jumper cable to the positive end and the black jumper cable to the  negative end.) Turn the hand crank gently and continuously to the right and check   to see  if the LED lights. Record “Yes” or “No” in the yellow LED column for this power  source.      


INSTRUCTION SHEET FOR LIQUID BATTERY

The Liquid Battery is a green container with zinc and copper electrodes. Each compartment contains a solution of sodium sulfate which is being used as an electrolyte in this experiment. Each compartment should be 2/3 full.

1. Connect the red jumper cable from the (+) terminal of the M6 meter to the end that has the darker copper electrode and the black jumper cable from the (-) terminal of the M6 meter to the lighter zinc electrode on the other end. 

2.  Make sure the black switch on the M6 meter is to the left for the 5V setting, and then measure and record the voltage.

3. Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and record the milliamp (Ma) reading. Caution: If amperage reading goes off scale on 0.5 mA, move switch to the right to 50 mA. If it goes off scale here, disconnect the wire and record the reading as “greater than 50 mA.” 


4.
Remove the jumper wire snaps from the meter and hook them up to the digital clock. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) Check to see whether the clock works, and record “Yes” or “No” in the clock column for this power source. 

5.  Remove the jumper wire snaps from the clock and hook them up to the yellow LED. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) See if the LED lights, and record “Yes” or “No” in the yellow LED column for this power source.
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INSTRUCTION SHEET FOR RECHARGEABLE BATTERY

Before you start: Charge the battery by connecting the red wire between the charge (CH) of the rechargeable battery and the positive (+) terminal of the handcrank. Connect the black wire to the negative (-) terminal of the battery and the negative (-) terminal of the hand crank. Turn the handcrank to the right to charge.

1. Hook up the red (+) and black (-) jumper wires to the meter (M6) and to the rechargeable battery on the circuit board, (+) to (Dis) and (-) to (-).

2. Make sure the black switch on the M6 meter is to the left for the 5V setting, and then measure and record the voltage.

3. Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and record the milliamp (Ma) reading. Caution: If amperage reading goes off scale on 0.5 mA, move switch to the right to 50 mA. If it goes off scale here, disconnect the wire and record the reading as “greater than 50 mA.” 

4. Remove the jumper wire snaps from the meter and hook them up to the digital clock. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) Check to see whether the clock works, and record “Yes” or “No” in the clock column for this power source. 

5. Remove the jumper wire snaps from the clock and hook them up to the yellow LED. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) See if the LED lights, and record “Yes” or “No” in the yellow LED column for this power source. 
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INSTRUCTION SHEET FOR SOLAR PANEL CIRCUIT

1. Hook up the red (+) and black (-) jumper wires to the meter (M6) and to the solar panel on the circuit board, (+) to (+) and (-) to   (-).Turn the flashlight on, and hold it 2 inches from the solar panel. Make sure the black switch on the M6 meter is to the left for the 5V setting, and then measure and record the voltage.

2. Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and record the milliamp (Ma) reading. Caution: If amperage reading goes off scale on 0.5 mA, move switch to the right to 50 mA. If it goes off scale here, disconnect the wire and record the reading as “greater than 50 mA.” 
3. Remove the jumper wire snaps from the meter and hook the solar panel up to the digital clock. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) Check to see whether the clock works, and record “Yes” or “No” in the clock column for this power source. 
4. Remove the jumper wire snaps from the clock and hook the solar panel up to the yellow LED. See if the LED lights, and record “Yes” or “No” in the yellow LED column for this power source. 

5.  Turn the flashlight off.
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INSTRUCTION SHEET FOR WINDMILL CIRCUIT

1. The hookups for the windmill power source need to be opposite those of the other circuits. Hook red wire to (-) terminal on the motor and black wire to the (+) terminal. Blow on the windmill while taking measurements. The fan may need a gentle push while taking measurements.

2.  Make sure the black switch on the M6 meter is to the left for the 5V setting, and then measure and record the voltage.

3. Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and record the milliamp (Ma) reading. Caution: If amperage reading goes off scale on 0.5 mA, move switch to the right to 50 mA. If it goes off scale here, disconnect the wire and record the reading as “greater than 50 mA.” 

4. Remove the jumper wire snaps from the meter and hook them up to the digital clock. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.) Check to see whether the clock works, and record “Yes” or “No” in the clock column for this power source. 

5. Remove the jumper wire snaps from the clock and hook them up to the yellow LED. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.)  See if the LED lights, and record “Yes” or “No” in the yellow LED column for this power.
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INSTRUCTIONS FOR 
ALTERNATIVE ENERGY SOURCES

A.
Voltage Reading and Amperage Reading

Each circuit has a meter (M6), one of the power sources shown in the left column of the table, a digital clock, and a yellow LED light.  Follow the directions below for each power source circuit.

For the solar panel power source, turn the flashlight on and hold it two inches from the solar panel.
1.  Hook up the red (+) and black (-) jumper wires to the meter (M6) and to the power source on your circuit board (+) to (+) and (-) to (-).   Make sure the black switch on the M6 meter is to the left for the 5V setting and then measure and record the voltage in the appropriate column in the Table. 

The hookups for the windmill power source need to be opposite those of the others - hook red wire to (-) terminal on the motor and black wire to the (+) terminal.  Blow on the windmill while taking measurements.  The fan may need a gentle push while taking measurements.

Liquid Battery is a green container with zinc and copper electrodes – connect the red jumper cable to the end that has the copper electrode and the black jumper cable to zinc electrode on the other end.  A solution of sodium sulfate is being used as an electrolyte in this experiment.

2.  Then change the switch on the meter to the middle (0.5 mA) or right (50 mA) and record the mA reading.  Caution:  If amperage reading goes off scale on 0.5mA, move switch to the right to 50 mA.  If it goes off scale here, disconnect the wire and record the reading as “great than 50mA” in the table.

B.
Powering Digital Clock 
Remove the jumper wire snaps from the meter and hook them up to the digital clock. (Connect the red jumper cable to the positive end and the black jumper cable to the negative end.)  Check to see whether the clock works, and record “Yes” or “No” in the clock column for this power source.

D.
Powering the yellow LED (D5) (Project #41)
Remove the jumper wire snaps from the clock and hook them up to the yellow LED.  See if the LED lights, and record “Yes” or “No” in the yellow LED column for this power source.
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