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DESCRIPTION 
In this lesson students will further explore their understanding of energy, electricity, and basic circuits. Students will begin their exploration of batteries by questioning where batteries end up when we are done using them, making connections to e-waste issues around the world. Utilizing their knowledge of energy, students will learn about methods energy is stored and used in daily life. Students will analyze the batteries they use in everyday ways, and then they will create and experiment with everyday materials to build batteries.  

GRADE LEVEL(S)

4th, 5th

SUBJECT AREA(S)

energy, batteries, Kinetic energy, potential energy, electron, circuits, human impact

LEARNING GOAL(S)

1. Students will make connections to real world problem solving with e-waste. 

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

3. Students will evaluate and analyze problems with e-waste and research solutions. 

4. Students will draw and label models to explain circuits demonstrating the movement of energy.

5. Students will be able to explain how the measured and compared batteries based on the knowledge learned about volts and using a voltmeter. 

Unit Experiences
These lessons are designed for 40 min. class periods during STEM specialist time. They can also be used as class lessons for approximately 12 weeks or adjusted accordingly. 

Table 1. Suggested Teaching Times 

	Lesson/Experience
	Time

	L1: How might we design a battery that reduces e-waste? Phenomenon and Exploration
	40 min x 4 = 160 min (2 hr 40 m) 

	L2: Exploring Eco-Friendly Battery Design
	40 min x4 = 160 min (2 hr 40 m) 

	L3:  Engineering Clean Energy for Our Community
	40 min x 10 = 400 min (6 hr 40 m)

	L4:  Research Alternative Fuel Sources for future Energy Development
	40 min x 4 = 160 min (2 hr 40 m)


	Total
	40 min X 23 = 880 min (14 hrs 40 m)


Next Generation Science Standards

	Guiding Phenomenon
	The phenomenon of e-waste as shown in the video “The Story of Electronics”


Table 2:  Next Generation Science Standards
	Performance Expectations 
	How is this Assessed?  

	4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric currents. 
	L1, Students will record information about electric currents in their journals including models of energy transfer. 
L2, L3: Students will analyze various forms of energy sources including batteries, wind, hydrogen fuel cells, and solar that convert various forms of energy to electricity.

	4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to another
	L2: Students will design and create various forms of batteries from organic and inorganic objects.

L3:  Students will design wind turbine blades to convert wind energy into electricity. Students will also design solar boats to convert solar energy into motion. 

	4-ESS3-1. Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the environment.


	L1, L2, L4: Students will explore existing energy sources in their community, understand their impact on society and the earth. They will conduct research processes to reduce the amount of e-waste in our community.  Students will also research future energy sources to determine key sources that could and should be used to minimize human impact.

	5-ESS3-1 Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.
	L3: Students will learn about various forms of alternative energy and how specific communities have applied these forms to provide energy for their community.

	3-5-ETS1-1.

Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost.
	L3: Students will be guided through 2 engineering design challenges to engineer wind turbine blades and a solar boat. This will involve defining the problem, designing solutions and testing and iterating those solutions. 

	3-5-ETS1-2.

Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.
	

	3-5-ETS1-3.

Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improved.
	


Three Dimensional Linkages

NGSS focuses not only on content, but also on process and building bridges between concepts within and across disciplines. The following tables outline the way in which this unit addresses this three-dimensionality as is essential to NGSS.

Table 2. Three-Dimensionality: Disciplinary Core Ideas (DCIs) 
	Disciplinary Core Ideas
	Linkage in Unit

	ETS1.A: Defining and Delimiting Engineering Problems 
	Engineering design is a key component of L2 & L3 ,where students will define problems, design and test solutions. 

	ETS1.B: Developing Possible Solutions

 
	

	ETS1.C: Optimizing the Design Solution


	

	ESS3.C: Human Impacts on Earth Systems

 
	The unit is focused on the core phenomenon of e-waste from batteries and electronics, as well as the impact of energy sources on the environment. 

	PS3.A: Definitions of Energy
	The unit reviews key energy principles, focusing on electrical currents and the sources of energy.

	PS3.B: Conservation of Energy and Energy Transfer
	Transformations of energy from one form to another underlies Lessons 2-4, understanding batteries as transformation of chemical to electrical energy, and other forms of harnessing energy into electricity. 

	PS3.D: Energy in Chemical Processes and Everyday Life
	In Lessons 3 and 4 students will examine sources of energy that are used in daily life. They will also understand the impacts of the ways we use energy in daily life, especially of the electronics used daily.


Table 3. Three-Dimensionality: Science and Engineering Practices (SEPs)
	Science and Engineering Practices
	Linkage in Unit

	Ask Questions and Define Problems
	L1: Students will create the “problem” after learning about e-waste, they will ask questions about sources of energy, clean energy, local energy, national, and global energy sources

	Engage in Arguments From Evidence
	L4: Students will use the evidence from research in the energy fields, evaluate the research from the source, and use the experimental energy sources to argue for the best methods of clean energy

	Obtain, Evaluate, and Communicate Information
	L4: During the final project to research and gather information in a variety of formats students will search for sources, evaluate the validity of a source, and communicate findings to the class in a presentation

	Construct Explanations and Design Solutions
	L2, L4: Students will work to design a solution to clean energy production through their research and experimentation

	Develop and Use Models
	L2: Models of circuits, and battery experiments with labels and explanations. Models for future of energy in a home, school, or business that is environmentally responsible.


Table 4. Three-Dimensionality: Crosscutting Concepts (CCCs)
	Cross Cutting Concepts
	Linkage in Unit

	Energy and Matter
	Electrons moving from + to - to create the electric current

	Connections to Engineering, Technology, and Applications of Science Influence of Science, Engineering and Technology on Society and the Natural 
	L2: Students will explore and design different types of batteries, research batteries of the future, and evaluate clean energy sources

L1, L2, L4: E-waste problems and solutions that impact all people in the world. how do scientists innovate for the future?  Create a new battery design to help solve waste and pollution.

	
	


COMMON CORE STATE STANDARDS

· RI.4.3 Explain events, procedures, ideas, or concepts in a historical, scientific, or technical text, including what happened and why, based on specific information in the text. (4- PS3-1)

· W.4.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly. (4-PS3-1)

· W.4.7 Conduct short research projects that build knowledge through investigation of different aspects of a topic. (4-PS3-2),(4-PS3-3),(4-PS3-4)

· W.4.8 Recall relevant information from experiences or gather relevant information from print and digital sources; take notes and categorize information, and provide a list of sources. (4-PS3-1),(4-PS3-2),(4-PS3-3),(4-PS3-4)

· W.4.9 Draw evidence from literary or informational texts to support analysis, reflection, and research. (4-PS3-1)

CONTENT BACKGROUND
STUDENT BACKGROUND

· Students should be familiar with basic circuits. If students need to practice with circuits allow them time to experiment with an LED bulb and a button battery in lesson 1 for review. Students may need additional lessons to explore building batteries depending on your class time limits. 
· Students should have prior experience with potential and kinetic energy and types of energy.
· Students should be familiar with fundamental electricity concepts, including voltage, current, power and energy.  
· Students should be familiar with using a multimeter and the basics of electrical circuits, this will be reviewed with demonstrations of battery design. If students do not have familiarity with using a multimeter, it will likely require an extension to explore the use of multimeters with students. See CE website (www.cebrightfutures.org) for resources to support multimeter instruction. 
EDUCATOR BACKGROUND
The following resources can provide educators with sufficient background to facilitate this unit. 

· Core Phenomenon: “The Story of Electronics” The Story of Stuff Project. https://www.youtube.com/watch?v=sW_7i6T_H78
· Mystery Science Lessons: Energizing Everything: Energy, Motion, and Electricity (subscription needed)
· https://mysteryscience.com/energy/energy-motion-electricity 
· Potential and Kinetic energy, chain reaction, energy conversion, electrical energy
· How electricity works:  Youtube “Introduction to Electricity” https://www.youtube.com/watch?v=Uf76pThNXZc
· 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
· See Think Wonder chart for Introduction documentation Available on the CE Online Educator Library in this lesson, and at https://docs.google.com/document/d/1cAjCaG7dBqRilVSRsGG8KUv2N4geafDA-QYbX3GIwAw/edit?usp=sharing 
· Rubrics for STEM learning by Nicollette LeTellier: Available on the CE Online Educator Library in this lesson, and at https://docs.google.com/document/d/1QYNyLUsttEerbjscrl09xcGPwMNbx_lg5PQQqgPiRsQ/edit?usp=sharing 
· Engineering design rubric by Nicollette LeTellier: Available on the CE Online Educator Library in this lesson, and at https://docs.google.com/document/d/19gmN2sFgAQ-MQMwm5i-ZTxG2UKa4Krajm3PipIOQsYI/edit?usp=sharing 
· News ELA (English Language Arts) Free website for Teachers, News Articles https://newsela.com/ 
· What is Engineering? Youtube video by Crash Course Engineering #1 https://www.youtube.com/watch?v=btGYcizV0iI
· Crash Course kids youtube

https://www.youtube.com/watch?v=owHF9iLyxic
https://www.youtube.com/watch?v=fxJWin195kU
· Hydrogen Fuel Cell Resources

· What could hydrogen do for you? http://hydrogencouncil.com/video-hydrogen-scaling-up/
· Fuse School: Hydrogen and Fuel Cells https://www.youtube.com/watch?v=5_lDGna9MBM
· Video by Science Garage “How the Toyota Mirai Charges in 5 minutes: Hydrogen Fuel Cells” https://www.youtube.com/watch?v=bYn2wAK-CYE
· Driving A Hydrogen Car: Is This Really "The Future?"

· https://www.youtube.com/watch?v=Em1rtbZbJ3U
· Are hydrogen-powered cars the future? Academics and advocates say yes; https://www.njtvonline.org/news/video/are-hydrogen-powered-cars-the-future-academics-and-advocates-say-yes/
· “Top 10 Energy Sources for the Future” https://www.youtube.com/watch?v=uStFvcz9Or4
· Research Models for K-12 Prezi https://prezi.com/qhoh5kwogglr/three-research-models-to-use-in-k12-schools/
Vocabulary: 
Familiarity with these terms and concepts will enhance students’ experience in the activity. 
	Battery
	A device that converts stored chemical energy into electrical energy

	Electron
	A subatomic particle possessing a negative (-) electric charge.

	Conductor
	A material that allows electricity to flow through it easily

	Insulator
	A material that does not allow electricity to flow through it easily.

	Electricity
	A phenomenon resulting from the presence and flow of electric charge; includes: lightning, static electricity, electromagnetic field, and electromagnetic induction.

	Voltage
	Electric potential energy, based upon an imbalance of charges between two points. Similar to water pressure, voltage is the motive force of electrons moving around a circuit.

	Current
	The flow of electrons, specifically the amount of charge that passes across a point in any given amount of time. 


REQUIRED MATERIALS
See individual lesson plans for specifics on handouts, materials and preparation needed for each lesson. 

HANDOUTS/PAPER MATERIALS
· Student Science Journals
· See-Think-wonder worksheet 
· Chart paper for class summary chart
CLASSROOM SUPPLIES
· Trays/bins help to organize materials
· Scissors
· knife to cut fruit/veg
· Transparent tape
· Safety goggles
Suggested Preparation:  Have small tubs or containers with materials for students to use since they will be working in small groups. 
ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS)
Lesson 1:

· Electricity Kit:
· 4-5 button batteries, 3V CR2032 
· (2/group) Alligator clip test leads
· (1)  3 inch by 5-inch index card
· (1) LED per student
Lesson 2:

· 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)

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: 

· (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

Lesson 3:

· Video and book resources (see lesson plan)

· Scissors

· Masking tape or hot glue guns

· Rulers

· Safety goggles

· 2 multimeters

Activity 1: Intro and Explore Wind Energy  

· Straws or dowels (ideally from Kidwind set, 3 per group)

· Thin cardboard (can be easily cut with scissors): Cereal boxes, card stock, Costco packing boxes, etc. Avoid 3 layer corrugated cardboard because it is too difficult to cut

· 1-2 large box fans

· KidWind supplies: Either Kidwind wind stand sets, PVC stand sets (suppliers in Lesson plan), or build your own stands

Activity 2: Solar boat challenge
· Boat materials (can be gathered by students ahead of time): styrofoam, plastic bottles, cardboard, plastic containers, bags, cardboard tubes, foam, pool noodles, milk cartons

· (1) Solar cells per group-see below for details

· (1) DC motor per group-see below for details 
· Propellers of various style to experiment-must attach to the DC motor 2-3 per group

· (1-2) Large watertight trough for students to test boats-recommend at least 6” deep, 12-24” wide, and 48-60” long. Under the bed storage bins can be a good option, or kiddie pools.

· Sample craft items are useful if you have them
1 craft sticks

2 straws

3 foam

Activity 3: 
Hydrogen Fuel Cell Model
· Hydrogen fuel videos (see educator background above)

· Hydrogen fuel cell model 
Lesson 4

· Chromebooks, computers, or ipads for research

· iPad for video recording 

· Recording device

· Smartphones can be permitted to design and edit video/sound

UNIT PROGRESSION
Lesson Summaries

Lesson 1: How might we design a battery that reduces E-Waste? 
In this 4-day, 160-minute lesson:

During this introduction lesson series students will explore the guiding phenomenon to understand e-waste and connect to battery design. Students will utilize online resources to learn about problems from e-waste around the world and the environmental impact of electronic consumption.  In this section the focus will be for students to ask questions, define problems and communicate information about e-waste.  Students will read articles and define problems about the planet and human impact.  Students will review circuits to prepare for further exploration into electronics and battery design for the next lesson.
Lesson 2:  EXPLORING ECO-FRIENDLY BATTERY DESIGN
In this 4-day, 160- minute lesson:

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.  
Lesson 3:  ENGINEERING CLEAN ENERGY FOR OUR COMMUNITY

In this 10-day, 400-minute lesson:

This lesson plan will engage students in a design process to power a motor using a variety of energy sources. Students will compare different clean energy sources to decide which energy source will complete their design goal. Students will experiment with wind power, solar cells, and hydrogen fuel cell models. Students will have multiple lessons to build, design, test, and redesign as they go through the entire engineering design process. Students will engage in all 3 model designs and choose the best option for their model. Students will use evidence from the design process to explain their solution. This is a great end of year culminating project to compare energy solutions to the problem of fossil fuels and pollution in the environment. Students final project will compare human impact with all different methods. 
Lesson 4:  RESEARCH ALTERNATIVE FUEL SOURCES FOR FUTURE ENERGY DEVELOPMENT
In this 4-day, 160-minute lesson:
This lesson is an extension to the e-waste exploration to research solutions and communicate information based on evidence from scientific endeavors in the fields of renewable energy solutions.  These lessons will allow your students time to read, evaluate sources, and come up with ideas based on evidence to support a claim for future potential energy developments.
The final exploration of battery design and clean energy will involve students in a thorough research project. This lesson will involve students researching types of energy as well as future energy exploration.  Students will present their research and provide a claim with evidence as to how they would invest in future energy developments.  Some possible energy sources are:  hydrogen fuel cell vehicles, solar farms in space, human power, tidal power, geothermal heat, biofuel, offshore wind farms, or nuclear energy. Students will evaluate sources, cite sources, and present information in an original format using multimedia.  

ASSESSMENT AND EXTENSIONS
FORMATIVE ASSESSMENT
Students will use their science journals for all lessons to document their learning, modeling, writing key vocabulary, and redesigning concepts. Ongoing class discussions will contribute to student learning during each lesson. Teachers are encouraged to keep a summary chart to document key concepts during each lesson. Summary charts are posted during class for reference and kept throughout the entire unit. This journal documentation serves as a record of student learning and understanding. The final section will cover a reflection of their personal thoughts and progress during the unit. Rubrics are provided to guide instruction for engineering expectations, divided into 4 sections:  NGSS concepts, investigations, perseverance and group work. https://docs.google.com/document/d/1QYNyLUsttEerbjscrl09xcGPwMNbx_lg5PQQqgPiRsQ/edit?usp=sharing
SUMMATIVE ASSESSMENT
Students will use their science journals for all lessons to document their learning, modeling, writing key vocabulary, and redesigning concepts. This journal documentation serves as a record of student learning and understanding. The final section will cover a reflection of their personal thoughts and progress during the unit. A google form assessment has been created for teachers to make copies of to assess vocabulary, reading, writing and content standards connected to energy:  types of energy, e-waste, how a circuit works, why is clean energy important, where does local energy come from:

Form Link 
LESSON EXTENSIONS
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 -
3. Make connections with your waste/recycling center or environmental education to learn about waste in your area. Peninsula School District is Pierce County www.piercecountywa.org/recycling 
4. Test a variety of different vegetables and fruits to create a comparison of power produced
a. Graph the results and discuss possible reasons why certain fruits/veg produce more or less energy
5. Visit local power companies to understand storage of power and where local power comes from. Contact your local power company, and they might coordinate visits or field trips. 
6. Intro to electricity for kids (5 min):  https://www.youtube.com/watch?v=tZOoBr4ghrw
7. How batteries work by Adam Jacobson: https://www.youtube.com/watch?v=9OVtk6G2TnQ&pbjreload=10
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