[image: image7.png]


 LEsson Plan

Understanding E-Waste Through Battery Design
Lesson 2: Exploring Eco-Friendly Battery Design

AUTHOR
Nicollette LeTellier

Teacher Contact: letelliern@psd401.net

CE Editor Contact: CEbrightfutures@b-e-f.org, 503-553-3949

DESCRIPTION 
In this lesson students will experiment with everyday household items to make batteries.   Students will use lemons, potatoes, pennies, and cola to make batteries, and compare the amount of voltage produced.  These lessons can be expanded to test a variety of fruits as electrolytes with the electrodes being zinc and copper.  
GRADE LEVEL(S)
4-5th grade

SUBJECT AREA(S)
Energy, electricity, circuits, clean energy, alternative energy, sustainability, battery

ACTIVITY LENGTH
	Day
	Time

	Day 1:  Teacher guided instruction building batteries: lemon and potato
	40 min.* 

	Day 2: Make a cola battery
	40 min.*

	Day 3: Make a penny battery
	40 min.* 

	Day 4:  Reflection on battery design, what worked or didn’t?  Draw models
	40 min. 


*May require more or less time depending on class size; can extend into additional days as necessary

LEARNING GOAL(S)

1. Students will explore methods to produce energy from everyday items such as potatoes, lemons, pennies, and cola.

2. Students will explore battery design and transfer of energy through hands on experiments with household items.

3. Students will measure voltage and experiment methods to increase voltage.  

4. Students will extend lessons to test out a variety of other materials such as varieties of fruits, vegetables, and sodas to compare different voltage produced.  

5. Students will collect and record data from all their experiments to compare the different voltage produced.  

6. Students will display data in charts or graphs to analyze the outcomes of their experiments.  

CONTENT BACKGROUND

STUDENT BACKGROUND

· Students should be familiar with fundamental electricity concepts, including voltage, circuits, electricity, power and energy. 
· Students should be familiar with the basics of electrical circuits
EDUCATOR BACKGROUND

Teachers will benefit from reading information about electricity and batteries to become more comfortable with the terminology and vocabulary.  Some valuable resources include:

· How Batteries Work: https://www.youtube.com/watch?v=9OVtk6G2TnQ
· Make a Lemon battery: Available on the CE Online Educator Library in this lesson, and at https://www.thetech.org/sites/default/files/simplicityelectricitylab_lemonbattery.pdf
· Potato Battery: Available on the CE Online Educator Library in this lesson, and at https://www.sciencebuddies.org/science-fair-projects/project-ideas/Energy_p010/energy-power/potato-battery
· FOSS:  Magnetism and Electricity units https://www.fossweb.com/moduledetail?dDocName=D577107
· Ambitious Science Circuits Unit

https://ambitiousscienceteaching.org/one-curriculum-circuits-grade-4/
· Mystery Science Lessons: Energizing Everything: Energy, Motion, and Electricity (subscription needed)
https://mysteryscience.com/energy/energy-motion-electricity
· How electricity works:  Youtube “Introduction to Electricity” https://www.youtube.com/watch?v=Uf76pThNXZc
Its recommended to spend time constructing each battery type until you understand how to successfully build each kind and some of the common things that can go wrong with building each kind.
MATERIALS NEEDED

HANDOUTS/PAPER MATERIALS

· Student Science Journals or See-Think-Wonder worksheet 

· Chart paper for class summary chart

· Potato Battery Handout (see below)

CLASSROOM SUPPLIES
· Trays/bins help to organize materials
· Materials for cleaning up (towels, 50/50 vinegar/water solution or other cleaner)

· A few different types of batteries (examples:  old iphone lithium ion battery, AA, AAA, D-cell batteries, 9 volt batteries)

· Reusable cups for solutions
· wire strippers to adjust wires as needed
· knife to cut fruit/veg 

a. (teacher can cut lemons or potatoes in half prior to class)

· 1 multimeter per group
· Safety goggles
· Alligator clip wires (set of 20-30 as needed)

ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS)
Potato or. Lemon batteries: (besides potatoes/lemons, all materials are for one battery)
· 2 potatoes (or cut one potato in half)

· 2 Lemons (or cut lemons in half)

· 2 short lengths of copper wire

· 2 galvanized nails (not all nails are galvanized or zinc-coated)

· 3 alligator clip wire units (alligator clips connected to each other with wire)

· 1 low-voltage LED clock (type that takes a 1-2 volt button battery)

· Print instructions for student kits
Cola Battery Kit Materials:  (besides cola, all materials are for one battery)

· 1 can of soda

· 2-6 reusable cups per group to pour soda into

· 1 zinc rod/nail

· 1 copper strip/nail

· Alligator wire to connect copper and zinc

· Wires to connect to LED from zinc and copper leads

· Extension activities:  try different varieties of soda, measure pH, see if acids change, test other liquids (orange juice, lemonade)

Penny Battery Materials: 
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· (5)  pieces of flannel or felt cut up into 1 inch squares (or cardboard) 
· This is used to soak up the electrolyte solution

· You can test both felt and cardboard to see what works better

· (1) White vinegar (1 gallon or so) for solution
· (1) salt about 1 lb for solution

· (1) LED
· (12) Pennies older than 1986
· (1) Piece of sandpaper or sand pennies ahead of time- strongly recommended to sand before class (using a dremel) since sanding takes a while.
· 1 small strip of aluminum foil

· Multimeter set to 20V to measure voltage
Print out these directions for student Kits on a separate sheet for each group (can laminate or put in sheet protector to be used for other classes): 

	Directions

How to Make a Potato battery:

1. If there is a battery already in the clock, remove it.

2. Insert a galvanized nail into each potato.

3. Insert a short piece of copper wire into each potato. Put the wire as far as possible from the nail.

4. Use an alligator clip to connect the copper wire of one potato to the positive (+) terminal of the clock's battery compartment.

5. Use another alligator clip to connect the nail in the other potato to the negative (-) terminal in the clock's battery compartment.

6. Use the third alligator clip to connect the nail in potato one to the copper wire in potato two.

7. Set your clock.
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Image: N. LeTellier, https://drawisland.com/ tool for drawing
LESSON PROGRESSION 

PLANNING AND PREP
This lesson is designed to span 4 days. Students will need their science notebooks for most days. It will be helpful to create stations where students have trays or containers for easy hand out.  I will teach these classes in multiple class periods where all items need to be cleaned and returned at the end of the 40 minute class period, so you can plan to build in cleaning time.
Day 1: Battery Discussion and Potato/Lemon Batteries. 

· Print (optional: laminate) potato handouts. 

· Cut lemons and potatoes in half at the beginning of class each morning (or before starting your lesson). 

· Set up materials for easy handouts in trays

· Set up station with cleaning materials if necessary

DAY 2: Make a cola battery
· Set up materials for easy handouts in trays

· Set up station with cleaning materials if necessary
DAY 3: Make a penny battery. 

· It’s strongly suggested that you sand about 100 pennies prior to lessons, and you will also need these to experiment with before demonstrating to class. You can use double sided tape to put the pennies on and sand pennies. 
· Prepare Electrolyte solution of salt water ahead of time: Add 1 tablespoon salt to a 16 oz of water.  Add 2 tablespoons of vinegar to solution. 
· Pour into small cups or containers for each table group
· Set up materials foe easy handouts in trays
DAY 4: Reflections 

· Prepare for a class discussion using your preferred methodsand class norms
DAY 1: Teacher Guided instruction building batteries: lemon and potato
1. (10 min) Introduce topic and pass out battery examples This opening activity is to assess pre-existing knowledge, which students will undoubtedly have, and access this to begin conversation around the function of batteries. Warm-up: Have student share what they know about batteries and electricity. Students could complete a KWL (“What I Know,” “What I Wonder,” “What I Learned”) chart or take notes in their science journal.
2. (20 min)  

a.  The teacher will demonstrate how to use copper and zinc inserted into a potato or lemon to light an LED.  Make sure that you are connecting alligator clips from copper to zinc and then connecting each side to the device or LED. Additionally, demonstrate how to use a multimeter that is already set up to measure volts. At this point, it is up to the teacher to determine how to explain volts as a unit. This may be simplified as “the force that pushes electrons through a circuit,” or more detailed descriptions and analogies can be used. Until students have physical connections to this vocabulary, it will not mean much.
b.  Handout materials to groups. Students can work in small table groups to build each type of battery and make enough energy to power a clock or an LED.  

c. Students can try different colored LED lights and compare if they light or do not

d. Students will use a multimeter that is already set to measure volts to begin collecting this specific data. 
e. Record all the data and observations in their science notebooks. 

3. (10 min) Have a class discussion about batteries. This is where students can begin to pull out distinct characteristics of batteries that are linked to scientific content. Guide discussion to access this knowledge and pullout specific vocabulary.  Use summary chart if desired.
a. What did you find interesting?

b. What is similar or different about each battery type? What observations did you make about voltage and how did this affect the LED working?  

c. What other items could you imagine building batteries out of?
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DAY 2: Make a Cola battery

1. (10 min) Introduce the next type of battery that students will be exploring, which is the cola battery.  Ask students to make connections to the previous experiments they have tried. What materials are similar?
2. (20 min) At this point in these lessons, students should be able to connect all the parts to make a complete circuit.  It is time for students to lead and work together to create this new battery.  
a. Each table will receive a kit including:  2 cups for cola, 2 zinc electrodes, 2 copper electrodes, multimeter, LED light 
b. If students have extra time, they can also connect with groups to make the batteries in series and produce more voltage. Students record voltage as they make changes to the battery
c. Students will draw a model of their battery and table or graph data as appropriate. Students can also record observations in the notebooks and create arguments as to why the battery works.
d. If students are also in need of extension, they can test other electrolyte solutions that you bring, especially vinegar, salt and water
3. (10 min) Class summary chart and discussion.
a. How were these batteries similar or different? (Cola is an acid like lemon)
b. Can we try other types of sodas and compare?  Ask students to bring in different drinks and compare the energy produced.  
DAY 3: Make a penny battery

1. (5-10 min) Today they will be building a penny battery. Start with the Mystery Doug video “How do batteries work?” This will introduce them to the history of batteries and Volta’s first battery- Volta’s Pile. (Students will make connections to the measurement of energy “Volts and Voltage.”  

2. (5 minutes) Demonstrate the process before giving students the supplies at their table.  Refer to images for the column of alternating pennies and felt. 

3. (2 min) This video is a great demonstration.  You can watch 2 minutes to see how the battery is assembled. https://www.youtube.com/watch?v=rIdPfDHeROI 

4. (20 min) Start the class asking if students have any new ideas about batteries.  Today they will be building a penny battery.  

a. If you didn’t pre-sand the batteries, you can have students help in the process of sanding off one side of a Post-1982 penny to expose the zinc.  Pennies after 1982 are 98% zinc coated in 2% copper.  

i. This takes a long time so you may want to use an electric sander to sand a large amount of pennies.  Each group needs 10 pennies.  

b. The teacher will demonstrate how to build the battery

c. Hand out materials and have students build their own

i. Soak the felt or cardboard in salt/vinegar solution and blot dry on paper towel

ii. Stack the pennies alternating the salt and vinegar solution with a damp felt square soaked in electrolyte solution

iii. Connect the multimeter to the top and bottom of the column to measure voltage.  

Start with 10 pennies and then add more. 

d. Have students record the voltage as they add layers to the battery

e. If students complete the battery construction have them: 

i. Draw a model of their battery

ii. Table and graph out the results of the voltage measurements in their science notebooks

iii. Draw conclusions from evidence for the discussion for the final lesson. This will be a critical stage to assess their understanding of the term “voltage” and how this impacts circuits. They can also compare across different battery types and begin to create explanations for what each of these batteries has in common. 

5. (As time allows) Have each group of students share their battery and findings with the rest of the class. Use summary chart if desired.
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Day 4: Reflection on battery design with Varying Electrolytes (40 minutes)
1. (10 minutes) Partner share: ask students to pair with students at a different table to compare notes

a. What worked or didn’t work as you tried different battery options?
b. Were you able to create more volts with different options? (This is an opportunity for them to discuss their exploration of different fruits, colas, penny configurations, etc.)
c. How does voltage compare across the battery types? Why might that be?

2. Class or group discussions (you can use summary chart):

a. How did voltage compare across battery types? What arguments do you have for why that is and what evidence do you have to support it?

b. Link to Lesson 1. Discuss problems and solutions with batteries and possible solutions

c. Can be a good time to show lemon battery video in part or whole: Make a Lemon battery (see resources above)
d. What would the world be like without batteries?
ASSESSMENT AND EXTENSIONS

FORMATIVE ASSESSMENT

During each stage of this process students will be recording data and models of their experiments in their science journal.  Make sure that students have journals open throughout the experiments to keep track of the info they record.  Students will record data in a chart and then compare how voltage is different with the various experiments.  The teacher will keep a summary chart for each day on display to summarize the activity and what students learned.  Students can use the summary chart to keep track of lesson progression.  The teacher will have guiding questions to reflect upon after the first set of experiments before students complete extensions to activities.  Students will share ideas with their groups as they reflect on each day’s experiments.  Each class ends with a class discussion which may lead to further exploration or correction of misconceptions.  

Guiding questions:  

1. How are these batteries similar?  What does each battery need to complete the flow of energy?  

2. How can you produce more voltage in this experiment?  Draw and label a model.

3. Do you see patterns in the experiments?  

4. How would you like to change this experiment?  

a. Other fruits/veg 

b. juice/soda

c. household acids:  citric acid, different vinegar, lemon juice

SUMMATIVE ASSESSMENT

Assessment Questions?

1. What is happening in a fruit/vegetable battery?

a. Understanding transfer of energy 

2. Draw and label a model of a battery

3. Vocabulary knowledge:

a. Voltage

b. Circuit
c. Electrons

d. Current

e. Watts (if doing extension activities)

f. Power (if doing extension activities)
4. How is energy transferred from one form to another?

5. What household items can be used to make a battery?  

6. How do you connect more potatoes or lemons to increase voltage?  

7. What is electricity?  

8. Name different types of potential and kinetic energy?

Extension Activities:
1. Mathematical connections to equations and upper level math:  learn to compute amps, volts, watts, resistance and different measurement of power. 

a. Bring in a power bill and explain what the rates and energy mean

b. You can also use this online energy converter to find watts with amps and volts https://www.supercircuits.com/resources/tools/volts-watts-amps-converter

2. Add lessons about acids and bases to calculate pH using bromothymol solution or litmus paper to understand what makes a good electrolyte and explain the flow from + to -

a. Bromothymol Blue Demonstration: https://www.youtube.com/watch?v=zBJCtbzrOr4
3. What other fruits/vegetables will make a clock work? 

a. Students can volunteer to provide different fruits/fruit juices

b. Different sodas compared?  

c. Measure the acidic level of the soda and juice?  Does that cause a difference in voltage?  

4. Explore circuits in parallel or series- how are they similar or different. 

a. https://www.youtube.com/watch?v=tZOoBr4ghrw
5. How many volts are produced?  

6. Can you increase voltage?

7. What is the difference between AC/DC current

8. Learn all the symbols and meanings of the multimeter and what it can be used for.  
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