[image: image5.jpg]<Toxic Waste
* Design for the dum
e, P

E Battery
electricity: |

Make. light using switch
it

elechrodes electrolytes
terminals, cells t

e
2
| | student hemical veactions e wmas
Experiments 4 D s
Bt odic. A Guments all
Blenents o | B e Wy

Tesla & Edison “DC 5. AC - imverhions

gnny Batteries ineqor fsatt electolyle.
= Tt e Gu chcma
Noltsis pile

Tre Story of
- vE\cgrnniQS

Tores o Gway | Depate pror w4 cons
} Clean vesearchawind
Vo PO e

* geothenal
- hydto
. Bamts

" ceen Tind



 LEsson Plan

Understanding E-Waste Through Battery Design
Lesson #3: Engineering Clean Energy for Our Community
AUTHOR
Nicollette LeTellier

Teacher Contact: letelliern@psd401.net

CE Editor Contact: CEbrightfutures@b-e-f.org, 503-553-3949
DESCRIPTION 
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 4 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. 

GRADE LEVEL(S)

4-5th Grade

SUBJECT AREA(S)

Electricity, circuit, engineering design cycle, solar power, wind power, alternative energy, renewable energy, clean energy

ACTIVITY LENGTH

Designed for 3 class sessions of 40 min each for each design process: 3 sessions for solar boats, 3 sessions for hydrogen fuel cells, and 3 sessions for wind turbine design. Final discussion can be one or two class sessions depending upon goals and time educator wishes to take to wrap up unit (if not continuing on to the extension Lesson 4).

	Day
	Time

	Day 1-3:  Engineering Design: Solar Boats
	3 x 40 min = 120 min

	Day 4-6:  Engineering Design: Hydrogen Fuel Cells
	3 x 40 min = 120 min 

	Day 7-9:  Engineering Design: Wind Turbines
	3 x 40 min = 120 min

	Day 10/11:  Final Discussion 
	40 min or 80 min


LEARNING GOAL(S)
1. Students will define “clean energy” and explain at least 4 types of alternative energy sources

2. Students will compare local energy sources and national energy sources to potential energy sources being used or developed. 

3. Students will experiment with wind energy, solar energy, and hydrogen fuel cell model vehicles to explore alternative fuel sources.

4. Students will measure voltage produced and record data in a table format. 

5. Students will discuss pros and cons of the different types of energy.

CONTENT BACKGROUND

STUDENT BACKGROUND
At this point in the lesson, students have had multiple days to build traditional circuits with batteries and light bulbs. They have experimented with electricity kits. Students have made vegetable/fruit batteries. Now, students will take the lead to experiment with different energy sources to find what will work best for them. 

· Students should be familiar with fundamental electricity concepts, including voltage, current, power, energy and circuits
· Students should be familiar with using a multimeter and the basics of electrical circuits as they will observe (-) negative voltage when testing spinning motors displaying the direction of the flow of electricity
· Students should be familiar with the engineering design process. If they are not then it is highly suggested to take a 40 minute class to go through the steps explaining what an engineer is, what they do, and how they experiment to solve problems.

· The following videos can be used to begin a discussion around engineering and the engineering design process:
· 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
EDUCATOR BACKGROUND

It is important to look over all materials and resources and assemble items such as the hydrogen fuel cell model and the windmill design before students test for problem solving. Once these systems have been built and used the process is much simpler for future classes working on the same project. 

Educators should also review the EIA website to understand the statewide energy sources mix (see Activity Supplies below). Additionally, educators should identify their local electric and gas utilities to try and identify the local energy mix. This could involve a call to the utility-many have education staff and resources to support understanding of local energy mixes. 

Engineering Design Process

· Identify/Investigate: students identify the problem and record any background knowledge or research that they have already done (this could include looking back through their notes from the previous class).

· Imagine/Plan: students draw out what their models could look like in their notebooks using the materials at hand.

· Create/Test: Students build out their first iteration, taking notes on evidence that indicates whether or not they have changed a magnetic field.

· Improve: Students note changes they might make to make their device successful or better and then implement at least one of these changes.

· Communicate: Students answer questions, individually and/or as teams/whole group to discuss their models and the underlying science concepts that they are uncovering.

Hydrogen Fuel Cell Resources-these are possible resources for using to introduce students to hydrogen fuel cells in whole or in part

· 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/
MATERIALS NEEDED

*Note: Make sure to ask for recycled materials at the beginning of this unit to accumulate thin cardboard (cereal boxes, snack boxes, frozen pizza boxes) for wind turbine blade design and items that will withstand water for the solar boat challenge. Our school has a parent Facebook page where we request items for STEM class, or you can send out a note home to collect materials.
HANDOUTS/PAPER MATERIALS

· Student Science Journals

· Lesson 3 Engineering Handout Criteria_ Constraints-for defining problem and first design

· Lesson 3 Wind Engineering Test Handout
· Copy these 2 worksheets front to back to fold and make a small pamphlet
CLASSROOM SUPPLIES

· Scissors

· Masking tape or hot glue guns

· Rulers

· Safety goggles

· 2 multimeters

ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS)

Activity 1: INTRO AND Explore Wind Energy  
· U.S. Energy Information Administration website: https://www.eia.gov/state/analysis.php?sid=WA
· Wind Turbine slideshow (can be edited to serve your community)

· https://slideplayer.com/slide/10735223/
· Wind turbine slideshow: https://www.slideshare.net/mvez/wind-turbine-blade-design
· Energy Island, Samso, Denmark Youtube video https://www.youtube.com/watch?v=FmJxUsXWajo
· Energy Island by Allan Drummond, https://books.google.com/books/about/Energy_Island.html?id=ghhXspstPZYC
· Optional resource: The Boy Who Harnessed the Wind by William Kamkwamba

· https://books.google.com/books?id=1Mi8DZxNQEYC&dq=boy+who+harnessed+the+wind
· https://books.google.com/books?id=8QquAQMlymcC&dq=boy+who+harnessed+the+wind (Young Readers)
4_5 Wind Turbine Eng. Challenge.pptx: Criteria and Constraints for engineering design challenge
· 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: If purchasing the KidWind sets all materials should be included. Be sure there are enough hubs so there can be 1 per group. You will need 1-2 windmill sets per classroom of 20/30 students (Kidwind or PVC pipe). Required materials: 

· Windmill stand and drivetrain assembly (may include built in generator)
· 1 motor per wind turbine stand (if it does not have a generator as part of the turbine assembly)
· Kidwind Protractors
· Kidwind Hubs (1 per group)
· PVC version available through EcoDirect:
https://www.ecodirect.com/SearchResults.asp?Search=kidwind
· If building yourself, you can use 2 designs located in Planning and Prep below.
Vernier:

· https://www.vernier.com/products/kidwind/wind-energy/
· https://www.vernier.com/products/kidwind/wind-energy/kw-btpart/
activity 2: Solar boat challenge

· Boat materials (can be gathered by students ahead of time)

1 Styrofoam

2 Plastic bottles

3 Cardboard

4 Plastic containers

5 Plastic bags

6 Cardboard tubes

7 Foam

8 Pool noodles

9 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

	Solar Boat Items
	Amazon item information

	Motor Kit:  propellers, motors, and components for building cars
	https://www.amazon.com/EUDAX-Rectangular-Electric-Electronic-Propeller/dp/B077WWS63B/ref=pd_bxgy_img_3/133-4835184-3287805?_encoding=UTF8&pd_rd_i=B077WWS63B&pd_rd_r=ff162d61-518e-11e9-9bc4-0dd02bfe95b8&pd_rd_w=eMGxm&pd_rd_wg=MnwF8&pf_rd_p=a2006322-0bc0-4db9-a08e-d168c18ce6f0&pf_rd_r=CC7FEQTBS98ZKC6MRVV5&psc=1&refRID=CC7FEQTBS98ZKC6MRVV5

	Solar Cells: Recommended: Sunnytech 1.25w 5v 250ma Mini Small Solar Panel Module DIY Polysilicon Solar Epoxy Cell Charger B019)
	https://www.amazon.com/s?k=solar+cells+for+projects&crid=O1C36F39MZ4N&sprefix=solar+cells%2Caps%2C194&ref=nb_sb_ss_i_2_11

	Sunnytech 0.5w 5v 100ma Mini Small Solar Panel Module DIY Polysilicon Solar Epoxy Cell Charger B016

	https://www.amazon.com/Sunnytech-100ma-Module-Polysilicon-Charger/dp/B008J9BZIA/ref=pd_bxgy_img_2/133-4835184-3287805?_encoding=UTF8&pd_rd_i=B008J9BZIA&pd_rd_r=ff162d61-518e-11e9-9bc4-0dd02bfe95b8&pd_rd_w=eMGxm&pd_rd_wg=MnwF8&pf_rd_p=a2006322-0bc0-4db9-a08e-d168c18ce6f0&pf_rd_r=CC7FEQTBS98ZKC6MRVV5&psc=1&refRID=CC7FEQTBS98ZKC6MRVV5

	Motors
	https://www.amazon.com/EUDAX-Generator-Electric-Turbine-Cranked/dp/B07CJNXTV1/ref=pd_day0_hl_0_6/133-4835184-3287805?_encoding=UTF8&pd_rd_i=B07CJNXTV1&pd_rd_r=b0bdc241-518f-11e9-82fb-67a76e1e863e&pd_rd_w=OkBCr&pd_rd_wg=w6n36&pf_rd_p=ad07871c-e646-4161-82c7-5ed0d4c85b07&pf_rd_r=R7DJ68ANGJ9SHT1NAFR0&psc=1&refRID=R7DJ68ANGJ9SHT1NAFR0


activity 3: hydrogen fuel cell model

· Hydrogen fuel videos (see educator background above)

· (1) hydrogen fuel cell model to experiment with. Amazon has a variety: 

· https://www.amazon.com/Horizon-Fuel-Cell-Technologies-Refueling/dp/B0028YDTAO/ref=sr_1_2?keywords=hydrogen+fuel+cell+model&qid=1559002837&s=gateway&sr=8-2
· https://www.amazon.com/s?k=hydrogen+fuel+cell+model&ref=nb_sb_noss
LESSON PROGRESSION

PLANNING AND PREP

These activities have an exploratory nature. Teachers may choose to have students explore a model such as wind turbines for a week utilizing a set amount of time every day for students to explore and test their designs for blades and record data. Students will need several days to experiment, test, record, and redesign for each section. This lesson is designed for students to build 3 different wind turbine blades and design their own solar boat, which most likely will fail/sink and need redesigning. Remember to allow students time to redesign and explain how they improved their design. You can choose to spend more or less time on these design projects as needed. The depth of these lessons depends on the teaching time allotted for STEM exploration. Students will enjoy testing and redesigning for many class sessions. 

Activity 1: Wind Energy: 

· Preview all resources
· A goal of these activities is for students to understand how energy is used in their community, and a teacher will want to know where their local energy comes from. 

· You can look up your state here at US EIA Website

· Identify local electric and gas utilities; many will have local energy mix available on their website

· For days 2 and 3, set up wind turbine stands 

· Kidwind turbine set stop animation video: https://vnr.st/v266/
· PVC Pipe design 1: https://www.instructables.com/id/Model-Wind-Turbine-KidWind-Project/
· PVC Pipe design 2: Plan Designed by Peninsula School District Elementary STEM specialists 
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· Set up 1-2 stands with box fan pointing straight on 1 meter away from turbine. Be sure to standardize the distance between fan and wind turbine stand. You can use tape to mark locations on the floor for reference. 

Activity 2: Solar Boat Engineering Design Challenge. Prepare kits with 1 solar panel and motor and propeller/blades (or other loads). Establish a materials table with boat materials for students to select, and, if desired set up hot glue stations. 
It helps significantly to have built one or two model boats ahead of time for students to examine as models, Models need not function very successfully, which can give students a starting place and ideas for how to improve designs.
For Day 2/3 testing, you can have a small vessel filled with water inside for testing floating, and a larger pool/trough outside prefilled with water.  For this project we had 6 foot long gutters that were used for the channel of water to experiment with the boats. Any large plastic container of water would work also, or a small play pool.
Plan logistics of students testing outside while others build inside, whether that include sspecific testing times and procedures for all students, or an aide supporting one location while you support the other location.

Activity 3: Explore hydrogen fuel cell models. Review all videos in educator background. Set up tablets/chromebooks or other research devices. 
Day 4: Final Discussion. Put up summary chart from Lesson 1.

LESSON SEQUENCE 

Activity 1: Intro and Wind Energy
1. Introduction:  Where does our energy come from?  Look at resources for your state using  https://www.eia.gov/state/analysis.php?sid=WA
2. Discuss different types of energy that are used:  natural gas, hydro-electric dams, burning coal or biofuel, fuel for cars. 

a. This can be a prompt with 5-10 minutes time to write/draw in journal

b. Discuss amongst classmates, turn and talk to table for 2 minutes followed by a table share out.

3. Encourage students to look at the energy sources and use in their home for heating, cooling, cooking, and transportation. Resources can include utility bills, talking to parents about gas costs and frequency of filling up. Can be an extension into a writing assignment. 

4.  (10 minutes) Tell the story of Samso, Denmark that converted the entire community to renewable energy.

a. Option to read the book Energy Island or watch Youtube video (see Planning and Prep above)
5. (20 minutes) Introduce wind farms with this slideshow (this is a very detailed presentation, feel free to remove components and add tools to scaffold for your particular students):  https://www.slideshare.net/mvez/wind-turbine-blade-design
Day 2-3 Wind Turbines:  

1. Review Engineering Design Process steps that are appropriate and/or previously used in your classroom.
2. Explain the project to design your own wind turbine blade to produce the maximum amount of voltage.

a. Engineering is about solving a real-world problem. What is the problem that wind turbines can solve? (Energy-electricity)

3. Go over Criteria and Constraints for the project. Use slideshow and handout if desired. 

a. Criteria are the expectation:  Produce a wind turbine 1 meter from the fan that will produce the most voltage

b. Constraints:  (limitations) students are limited to 8.5 x 5.5 inches of thin cardboard, and limited to 12 inches of tape.

4. Sample patterns were printed to introduce young students in grade K-1 to wind turbine design. These lessons are designed for grades 4-5, and they are expected to make their own design. You can show them examples or provide one pattern for practice before they make their own.
· Sample Wind Turbine Patterns
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a. Allow students 2-3 class periods to build, test, record, redesign. They should use their science journal or handout provided to draw each blade, provide angle, voltage, and brief analysis
b. See Lesson 3 Student Example Wind Turbine Analysis.pdf for example

ACTIVITY 2 Solar Boat Challenge:  
These lessons are best done during a sunny time of year when you can all enjoy being outside. We have done these lessons in September and June. Day 1 is the introduction and activity expectations. Following 2-3 days will be used to build, test, and re-design.
1. Introduction: (10-15 minutes) Introduce topic and take students outside to play with solar panels, motors (if you have other items such as music/sound boxes, or led lights)

2. Discuss how the motors are working as students notice them spinning one way or the other. Talk about the flow of electricity as previously learned. Students can write/draw their circuits and results in journal.

3. Activity Expectations:  Explain criteria and constraints

a. Powerpoint presentation for class project: https://drive.google.com/open?id=16PddCHX0QvOQJGYfyVhEHJg_LI0wA5R7
b. Go over vocabulary for Criteria and Constraints

c. Criteria should include floating, travel (without human intervention)
d. Students are limited to recycled items: plastic, styrofoam, milk cartons, craft items, 1 panel, 1 motor, 1 propellor
4. Ensure students test and iterate their boats at least once 
5. Students will draw and explain in their journal as they build their boat. A final analysis will explain the process they went through and their results. This can be recorded in science journals or on a separate sheet of paper. 
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Image Credit Nicollette LeTellier: Students testing solar boat designs, restricted size due to the width and depth of the gutters converted into testing channels. Pro- these are lightweight and easy to move, Con- they are 6 feet long and take up a lot of storage and might not fit in your car. We share amongst STEM teachers.
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Examples of solar boats made by my 4th graders at Discovery Elementary School

Activity 3: Explore hydrogen fuel cell models. 
This 2-3 day activity consists of one day of introduction and discussion, followed by 2-3 days of research and experimentation with a hydrogen fuel cell model. This could be used as setup for Lesson 4’s research project or as an opportunity for students to conduct a summative writing project to summarize and draw conclusions regarding the technologies they have been experimenting with in this lesson.
1. (10 minutes) Introduction: What is a Hydrogen Fuel Cell? 

a. Ask Students if they have connections?

b. Let them turn and talk at their table

2. (10-15 minutes) Students will watch one or more videos (in Educator Background section) to learn about the sciece and applications of hydrogen fuel cells

a. Students can take notes in science journal, or provide a worksheet

3. What are the positives and negatives of a hydrogen fuel cell?

4. What connections to future energy needs can this meet?

Days 2-3:  Model the hydrogen fuel cell and allow students time to experiment with it

5. (10 min) The teacher will demonstrate the model for students to experiment with. 

6. (50 min) Allow each group time to experiment with the fuel cell, and this may take time if you can only get your hands on 1 model.  Students will understand how much voltage and current is being produced (by measuring with the multimeter)  and record in journals. 
7. While one group is working with the model, allow other students to research:

i.  hydrogen fuel cells 

ii. how liquid hydrogen is produced 

iii. where can you drive hydrogen fuel cell cars

iv. cars of the future

ACTIVITY 4: FINAL DISCUSSION
Questions for consideration:
What did you find interesting? 
a. How does this connect back to our problem of e-waste?  
b. Can renewable energy sources be used to solve e-waste problems?
c. Can we transform our community outlook on consumption of devices and energy use? Have students list pros and cons of all of these energy sources. What are the possibilities or limitations?
d. Can we research more on this topic?
e. What are the best energy sources for our region to invest money into?
f. What will be the clean energy of the future? Can we rely on just one source? Why or why not?
1. (10 minutes) Students will discuss the different types of energy connecting back to battery design: veg batteries, solar energy, wind energy, and hydrogen fuel cells. 
2. Using Summary Chart from beginning of Unit (see Unit Overview and Lesson 1)
a. (10 minutes) Go back to the beginning of the unit.

b. Use post it notes to add revisions to thoughts or new ideas, do not discard previous ideas, but this will show a progression.

3. (10 minutes) Ask students to spend a few minutes reviewing information in their journals. 

4. (10 minutes) Add final thoughts to the summary chart

a. Consider a formal assessment (see questions below) or you can use your journal as a record of student learning
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ASSESSMENT AND EXTENSIONS

FORMATIVE ASSESSMENT

At the end of each class the last 5 minutes should be saved for questions and concerns. All of these lessons have an introduction day and then an exploration day for students. While students are building and designing make sure that you are checking in with them throughout the process. You can keep a “Parking lot” for questions where students can put sticky notes. 

An area of the class can be setup for research if you have access to computers or ipads. 

This lesson ends with a “Summary Chart” to record the important information for the day. Students are encouraged to reference this information throughout the unit. Students can also use sticky pads to go back through information of models previously taught and change their thinking as the unit develops. They may have strongly felt one energy source was better than another and that may change as the unit develops. Allow students to change their thinking as they move through the lessons. 

SUMMATIVE ASSESSMENT

Through a writing project, discussion, or science journals, students should demonstrate the following:

Students should understand why clean energy sources are better for the environment and reduce human impact. Students should be able to compare and contrast different energy sources. They will be able to draw models of their design processes and explain the goal of producing the most voltage. Students should be able to explain and justify reasoning of the energy sources they would choose to invest in for the future of the planet. 

For final assessments, questions to consider for the end of this unit (these will depend on the deeper conversations that your particular classroom had around various topics and hands-on activities):

1. How can renewable energy reduce impacts of e-waste? 

2. What are the top 3 producers of electricity in our state?

3. Why do we need energy?

4. What is the best energy source for our state? 

a. Use claim and reasoning to support this concept based on your research and experimentation

5. Draw and explain how a wind turbine works?  Label your picture.

6. Compare a hydrogen fuel cell with a regular gasoline car. List 2 ways they are similar and 2 ways they are different.

7. Draw and label a model of your solar boat. 

8. Explain a failure in your wind turbine or solar boat design and how you improved your design. 

9. Draw and label the engineering design process utilizing the specific problems you addressed through your design of energy solutions.
LESSON EXTENSIONS

· Research Project: Energy of the future

· Space based solar energy farms

· Harnessing Tidal Power: hydroelectric turbines on ocean floor

· Geothermal energy: Refer to Iceland energy systems

· Solar windows and Solar Roofs (German models of Solar energy)

· Biofuels: corn, algae

· Flying wind farms

· Thorium Reactors

· Nuclear Fusion Reactors

· Book: Energy Island by Allan Drummond, How can you change your community?

· Kidwind Challenge https://www.kidwindchallenge.org/
· Real life Solar Boat challenge: https://www.yacht-club-monaco.mc/en/regattas-events/20-18/monaco-solar-energy-boat-challenge/
· Engineering Design Challenges Around the World

· Dream Big: Engineering Our Worldhttps://www.youtube.com/watch?v=C00bbFb7lRY
· How can we engineer the world?

· What are the most important needs that engineering can solve?

· Clean the ocean

· Clean drinking water

· Reduce the homeless population

· Provide jobs

· Reduce carbon footprint

· Harness the power of Solar Energy

· How can solar energy be used in our daily life? Cars, houses, phones

How does NASA engineer the Parker Solar Probe to withstand heat?

· Design your own heat shield

· Test a heat shield with heat lamp/heat gun

· Connect to energy sources

· How does NASA supply long term energy to these satellites, space probes, or rovers?
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