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Big Idea:

Approximately 92% of our energy comes from non-renewable energy resources. Non-Renewable Energy continues to be consumed across our world at rapid rates. Because non-renewable energy resources cannot be replaced, scientists, environmentalists, and researchers continue to find ways to develop, use, and enhance renewable energy resources. This sub-unit encompasses a framework that details the types of renewable energy, sources of renewable energy, and ways renewable energy can create electrical energy. 

Rationale/Statement of Purpose:

The lessons in this unit have been designed to fit the Ohio Academic Content Standards for sixth grade science, specifically related to renewable types of energy, including solar energy, wind energy, hydroelectric energy, biomass energy, geothermal electricity, and wave/tidal energy. This sequence of lessons aims to provide students with an insightful understanding and broad perspective of various types of renewable energy, sources of these renewable energy types, and ways these types of energy can be converted to electrical energy. A series of lessons have been designed and constructed on the following topics: renewable energy, wind energy, and solar energy.  The remaining concepts of renewable energy do not have lessons designed, but would follow a similar format with objectives and activities as the ones provided as part of this unit.

The model used for this unit is the 5-E model. This model was selected because the 5-E model provides many opportunities for hands-on exploratory components to lessons, which is an emphasis of contextualized learning because students create experiences through their participation of activities. The engagement piece of each lesson helps to motivate students through a capturing activity. The exploration piece challenges students to complete activities through action and self- discovery. Following this, the 5-E model challenges students to think of explanations and reasons for their findings. Extension activities continue to support the learning that occurred following instruction. Furthermore, enrichment activities serve as a method of differentiated instruction for students who need additional challenges to complete tasks. Lastly, the 5-E model offers a multitude of methods for evaluation, which could be traditional or authentic. Because this model incorporates many hands on activities, the 5-E model provides on-going instructional activities and objectives that can extend over several days. This model serves as an ideal model for contextualized learning because students are at the center of the learning. As students complete activities, they are able to actively engage in hands- experiences with support of the teacher. Martin-Hauser 2002 and Windshitl 2003, identify the 5E learning Cycle as an means of “guided inquiry”. This reflects the notion that the teacher’s primary role is to provide only the materials and problems to investigate while the students’ role is to establish their own procedures to solve the problem with supervision of the teacher (Martin-Hauser 2002, Windshitl (2003).  Furthermore, Orgill and Thomas cite: “Proponents of constructivism suggest that students learn science best when they are actively engaged in doing science or in performing activities that allow them to think like scientists. Within these series of lessons, the teacher serves as the contextualized component by allowing students to engage in exploratory lessons but by specifying the environment for the learning, as indicated by Chiarelott, (2006).
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Unit Standards:

Ohio Academic Content Standards – Grade 6 

Physical Sciences – Nature of Energy

-Explain that energy found in nonrenewable resources such as fossil fuels (e.g. oil, coal, and natural gas) originally came from the sun and may renew over millions of years

-Explain that energy derived from renewable resources such as wind and water is assumed to be available indefinitely.

-Describe how electric energy can be produced from a variety of sources (e.g., sun, wind, and coal)

-Describe how renewable and nonrenewable energy resources can be managed (e.g. fossil fuels, trees, and water). 

Student Objectives:

1. Students will identify how electric energy can be produced from renewable energy resources. 
2. Students will learn that renewable energy resources are natural resource that is assumed to be available indefinitely.
3. Students will learn that Northwest Ohio is a region known for its alternative energy resources.
4. Students will identify the sources of various types of renewable energy.
5. Students will identify how renewable energy contributes to the production of electric energy.
6. Students will identify how renewable energy is used for application in everyday life.
Pre-Assessment:

Because energy encompasses concepts built on from previous years and students will begin filling out a KWL chart, specifically related to energy in relation to renewable energy and non-renewable energy. Students will start by filling in filling in the “Knowledge” and “What do you want to know” components. These will be discussed together. 

Following that, a brief survey with questions in relation to renewable/non-renewable energy concepts will be targeted to students, estimates for the amount of energy students use, and where energy comes from - (for the purposes of this sub-unit, pre-assessment questions only reflect students’ knowledge related to renewable energy). 

1. Where is the source of energy we use?

2. In what ways do you use energy each day?

3. What types of non-renewable energy exist?

4. What is meant by the term non-renewable energy?

5. What types of renewable energy resources exist?

6. What is meant by the term renewable energy?

7. Is renewable energy available in all places?

8. What are ways you can help conserve energy?

9. How much of our energy comes from renewable energy resources?

10. How much energy comes from non-renewable energy resources?

Post-Assessment:

Students will finish final component of the KWL chart, finalizing the learning piece. Students will indicate what they’ve learned related to renewable and non-renewable types. Students will have a formal assessment in written format following the final piece of the KWL chart.  The questions in the pre-assessment will be asked in various formats on the formal unit assessment. 

Name:_________________________________
Date:________________________

Energy Quiz 

Provide a short response for each question (2 points each). 
1. What is meant by the term non-renewable resource?

________________________________________________________________________________________________________________________________________________

2. What is meant by the term renewable resource?

________________________________________________________________________________________________________________________________________________

3. What is the difference between strip mining and deep mining?

________________________________________________________________________________________________________________________________________________

4. Briefly describe how fossil fuels were formed.

________________________________________________________________________________________________________________________________________________

(Questions 5-13, 1 point each) Put an R next to each type of energy source that is renewable. Put an N next to each energy source that is non-renewable.

_____coal





______ oil

_____geothermal




______ tidal/wave 

_____wind 





______biomass

_____ natural gas




______hydroelectric

_____solar 

Circle the best response to each question (2 points each). 

14. Approximately _________% of the energy we use is from non-renewable resources while _______% is from renewable resources.

A) 50, 50




C) 92, 8

B) 45, 55




D) 8, 92

15. Fossil fuels are _________________.

A) Non-renewable natural resources formed from plants and animals

B) Renewable natural resources formed from plants and animals

C) Dinosaurs

D) Non-renewable natural resources found on the surface of the ocean

For each of the following, provide a brief description and picture to describe how the type of energy source is used (2 points each).

	biomass
	hydroelectric

	geothermal
	solar

	wind
	wave/tidal
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1.  OHIO ACADEMIC CONTENT STANDARD(S)
1. Explain that energy derived from renewable resources such as wind and water is assumed to be available indefinitely.

2. Describe how electric energy can be produced from a variety of sources (e.g., sun, wind and coal).

3. Describe how renewable and nonrenewable energy resources can be managed (e.g., fossil fuels, trees and water).

2.  OBJECTIVES
7. Students will identify how electric energy can be produced from renewable energy resources. 
8. Students will learn that renewable energy resources are natural resource that is assumed to be available indefinitely.
9. Students will learn that Northwest Ohio is a region known for its alternative energy resources.
10. Students will identify the sources of various types of renewable energy.
11. Students will identify how renewable energy contributes to the production of electric energy.
12. Students will identify how renewable energy is used for application in everyday life.
3.  LESSON SUMMARY
This series of lessons will extend upon types of energy. Previous to teaching renewable types of energy, students will have been provided information and lesson activities related to non-renewable energy. This lesson will introduce the concept of renewable energy and will provide students with an extensive understanding of renewable energy or alternative energy resources. Following the engage, students will complete activities to successfully identify different types of renewable energy and reflect how renewable energy can be used to produce electrical energy. Students will also gain a basic understanding of the following terms: renewable energy, wind energy, solar energy, biomass energy, hydroelectric energy, wave/tidal energy, and geothermal energy.

4.  RESOURCES/MATERIALS
1. 6th Grade Science book (publisher may vary depending on school)
2. www.brainpop.com
3. http://tonto.eia.doe.gov/kids/energy.cfm?page=renewable_home-basics
4. The University of Manchester Renewable/Non-Renewable Energy Fact Sheet – obtained from http://www.childrensuniversity.manchester.ac.uk/interactives/science/energy/discovermore/renewable.pdf
5. http://www.nationalatlas.gov/articles/people/a_energy.html#one
5.  PROCEDURES 
ENGAGE (25 minutes):
Each student will receive 5-10 pieces of small paper. On each paper, students will identify ways they use energy each day. Responses will be collected and gathered and will be placed into a box. Responses will be randomly drawn and will be shared for student discussion.
Teacher will emphasize that we use energy in many ways each day – and as discussed in previous lessons, that non-renewable energy resources will eventually run out so alternative energy resources must be derived to plan for the future.
Students will watch Brainpop video and will participate in interactive quiz on the Smartboard following the video. This will serve as an introduction to students on the various types of renewable energy.

FOCUS OF LESSON (EXPLORE, EXPLAIN, EXTEND)  (90 minutes)
1. Students will be divided into five separate groups where each group will research/read/find factual information from renewable energy resources and how renewable energy is obtained (students will be provided with a handout that explains the renewable energy resource, how energy is obtained through this resource, etc. Also, students will be given the link to a website that further explains the renewable energy resource assigned to them-http://tonto.eia.doe.gov/kids/energy.cfm?page=renewable_home-basics).

2. Using a butcher-block piece of paper, students will draw a series pictures to explain and describe their energy resource – how energy is obtained, used, etc. Students may include any relevant information on their posters and by using minimal words for description.

3. Students will walk around the room and will have 2 minutes to look at the picture poster from each group. 

4. Students will take notes in science notebook and will explain how the energy source is obtained/used from the pictures drawn and will identify which renewable resource the poster encompasses
5. Explain: Students in the class will come back together to discuss each group’s drawings as part of the picture walk jigsaw. Each original group will have a spokesperson for the group to discuss the pictures and their role as part of the larger energy source.

6. Extension: Students can create flashcards to further enhance their understanding of concepts.

CLOSURE (10 minutes)
Students will read the “Sources of Energy” fact sheet and will identify the name, source, and ways each type of energy is used by labeling information in the respective boxes
ASSESSMENT (EVALUATE) (10 minutes)
1. Students will be informally assessed through their participation in groups

2. Students will rate scores of classmates’ participation in groups on a scale of 1-10 for a work ethic grade
3. Students will be assessed formally through their completion of the closure activity
4. Students will be assessed formally by labeling an index card with his/her group’s name of renewable energy, source for energy, and uses for energy
6.  ENRICHMENT (45 minutes)
Students will use a geographical map of the United States and will construct a key for each type of renewable energy (example: wind turbine for wind, waterfall for hydroeclectric, etc.).  Each type of energy will be specifically coordinated to the locations/areas where renewable energy resources are located -wind energy, solar energy, biomass energy, hydroelectric energy, wave/tidal energy, and geothermal energy.  Students can provide further description and detail of why these are ideal locations for this particular type of renewable energy. 
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1.  OHIO ACADEMIC CONTENT STANDARD(S)
4. Explain that energy derived from renewable resources such as wind and water is assumed to be available indefinitely.

5. Describe how electric energy can be produced from a variety of sources (e.g., sun, wind and coal).

6. Describe how renewable and nonrenewable energy resources can be managed (e.g., fossil fuels, trees and water).

2.  OBJECTIVES
13. Students will identify how electric energy can be produced from wind energy.  Specifically, wind turbines. (outlined by OACS  as listed above)
14. Students will learn that wind energy is a natural resource that is assumed to be available indefinitely.
15. Students will learn that Northwest Ohio is a region known for its alternative energy resources.
16. Students will create model turbine blades that will be in correct proportion to a full scale machine
17. Students will identify the source of wind energy.
18. Students will identify how wind energy contributes to the production of electric energy.
19. Students will identify how wind energy is used for application in everyday life.
3.  LESSON SUMMARY
This lesson serves as a continuation as part of a unit that focuses on alternative energy.  In particular, this lesson will educate the students on wind energy and how humans harness wind energy on both a large and small scale.  

4.  RESOURCES / MATERIALS
1. 6th Grade Science book (publisher may vary depending on school)

2. Balsa wood, styrofoam, cardboard, poster boards, scissors, knives, wooden rods, and other materials that may be used to create blades.

3. Wind turbine model

4. Electrometer

5. Measuring tape

6. Bill Nye video on wind energy
7. Slates, markers, socks (erasers)

8. NEED Energy Booklets
9. Fan
5.  PROCEDURES 
ENGAGE (35 minutes):
1. The teacher will have the students go outside (weather permitting) or into the gym and direct them to stand on designated spots that create the outline of a wind turbine blade.  The blade will be approximately 130 feet long.  The teacher will ask the following question: What do you think we just created?  The students may need hints to remind them of what they have been studying (alternative energy sources).  Follow up questions could include:
i. Why do you think some blades are so big?
ii. Do you think all blades are this large? Why or why not?
iii. Reveal to them that Bowling Green, just a few miles away, has wind turbines similar in size and that homes now have smaller turbines to generate electricity.
FOCUS OF LESSON (EXPLORE, EXPLAIN, EXTEND) (2 hours)
1. The teacher will play the Bill Nye video on wind energy as a short review of wind energy.

2. Students will work in their current groups of 4 to answer the quiz questions that follow the video using slates.

3. The teacher will then introduce the project using the worksheet, “Wind Turbine Blade Research.”

4. The teacher will give an overview of the research that needs to be conducted.  Students will be allowed to use their books, specifically the chapter on alternative energy, the NEED Energy Booklets, and online resources.

5. The students will then be given the rest of the day to complete the research worksheet.

6. At the end of the class, bring the students together to make sure the research is complete and meets expectations.

7. On the second day, the teacher will show the students the model wind turbine and explain how it works.  The teacher will make sure to include an explanation of the electrometer and the wooden dowels to be used.

8. The teacher will then give the rest of the class to the students to work on creating their model turbine blades.

9. At the end of class, check on their progress and grant more time if needed.  The teacher should avoid sharing designs unless everyone is done to keep the students from “stealing” ideas.

10. On the 3rd day of the project, the students will be asked to connect their blades to the wind turbine to find out how much electricity is produced.

11. The class is to complete the handout, “Wind Turbine Results” as each group tests their blades.

12. Explain: Students will reflect on activity by discussing results from activity and reflecting on how energy can be produced by wind.

13. Extension: If funding permits, students could take a trip to Wind Turbines in Bowling Green, OH and listen to presentation from city workers.

CLOSURE (30 minutes):

Students will reflect on activity by discussing results from activity and reflecting on how energy can be produced by wind. Students will refer back to the “Sources of Energy” fact sheet and will identify the source of wind energy and ways this type of energy can be used. Assessment of concepts through short series of questions will follow to check for student understanding.
6. ASSESSMENT (EVALUATE) (20 minutes)
1. After all trial runs, the teacher is to lead a class discussing and ask some of the following questions:

i. Which blades seemed to be the most successful?  Describe their shape, size, material, and number.

ii. Did anything surprise you?

iii. What would you do differently next time?

2. The teacher should informally assess the students based on their responses to the questions above.
3. The teacher should then collect the handouts for a participation grade.

4. As a formal summative assessment on wind energy, the teacher will give the quiz, “Wind Energy Assessment.” 

5. Unit Test/Formal Assessment to follow at end of unit

7.  ENRICHMENT (35 minutes)
· The students will read informational on wind turbines and will further identify regions in Ohio that use wind turbines as a source of energy. Furthermore, students can identify why some locations are ideal for wind turbines and others are not. 

Name___________________________  Date______________

Wind Turbine Blade Research
Complete the following research questions to help you create the best wind turbine blades in the class!
1. What is wind energy? ____________________________________________

2. Wind energy is considered to be what kind of energy?____________________

3. How large are wind turbine blades? __________________________________

4.  In the space below, draw at least the shape of most common turbine blades.

5.  How many blades are typically used on a turbine? _______________________

6.  What materials are most commonly used to construct turbine blades? 

______________________________________________________________

7.  In the space below, draw and describe the wind turbine blades that your group will construct.  Make sure to include blade size, material, and number of blades in your description.   You may use the back of this paper if more space is needed.

Name___________________________  Date______________

Wind Turbine Results
	Group Name
	Turbine Blade Description

(Size, material(s), #, movement)
	Energy Output

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Name___________________________  Date______________

Wind Energy Assessment

1.  What is wind energy? 

______________________________________________________________

______________________________________________________________
2. What is the name given to wind energy and other energy sources that are not considered traditional sources?

______________________________________________________________

3. Why is wind energy considered a renewable resource?  

______________________________________________________________

4.  Do think it is important for humans to use sources of energy such as wind?  Why or why not?

______________________________________________________________

______________________________________________________________

______________________________________________________________
______________________________________________________________
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1.  OHIO ACADEMIC CONTENT STANDARD(S)
7. Explain that energy derived from renewable resources such as wind and water is assumed to be available indefinitely.

8. Describe how electric energy can be produced from a variety of sources (e.g., sun, wind and coal).

9. Describe how renewable and nonrenewable energy resources can be managed (e.g., fossil fuels, trees and water).

2.  OBJECTIVES
· Students will identify how electric energy can be produced from solar energy resources. 
· Students will learn that solar energy resources are natural resource that are assumed to be available indefinitely.
· Students will learn that Northwest Ohio is a region known for its alternative energy resources.
· Students will identify the sources of various ways that solar energy can be used.
· Students will identify how solar energy contributes to the production of electric energy.
· Students will identify how solar energy is used for application in everyday life.
3.  LESSON SUMMARY
This lesson serves as a continuation as part of a unit that focuses on alternative energy.  In particular, this lesson will educate the students on wind energy and how humans harness wind energy on both a large and small scale.  

4.  RESOURCES/MATERIALS
1. Science Textbook related to renewable energy (Textbook may vary by school)

2. Solar Collector Activity - http://tonto.eia.doe.gov/kids/resources/teachers/pdfs/SolarCollectorElementaryActivity.pdf
3. Solar Car Tracking Sheet

4. Measuring Tapes

5. Stop Watch

6. T-Chart – Pro/Cons Sheet

5.  PROCEDURES 
ENGAGE (45 minutes):
Students will complete the Solar Collector Activity
1. Students will be assigned to one of four different groups to complete the Solar Collector Activity (each group will be responsible for recording temperatures in separate containers with cold water – the first cup will have white paper and no lid, the second cup will have black paper and no lid, the third cup will have white paper with a lid, and the last cup will have black paper with a lid.  After being placed in the sun, students will record the temperature for their group after water container has been placed out in the sun over a period of time.

2. Students will chart and record differences in temperatures and will individually chart their findings
3. With teacher-led discussion, students will identify that the energy came from the sun, and the sun gives off two types of energy – heat and light 
FOCUS OF LESSON (EXPLORE, EXPLAIN, EXTEND) (90 minutes)
7. Solar model car model kits, which would be obtained from a local craft store, will be distributed to groups of students. 

8. The students will first be asked to observe what they notice about the models, specifically, the solar panels and how this might differ from other cars they see and ride in everyday. 

9. Students will be asked to identify the color of the solar panels, indicating what why this might be as a continuation of engagement activity. 

10. The teacher should also ask: Why do you think scientists and engineers use black instead of white or other colors in solar panels?  The students should indicate that black is used because it attracts / absorbs more light from the sun and therefore, more energy.

11. The students will now construct the model cars, following directions as placed in the car kits. 

12. At three separate parts of the day (morning, early afternoon, and late afternoon, the teacher will take the students outside where they will observe the cars moving using sunlight as the source of energy (this part of lesson may need to be completed over a series of days).

13. Students will use stop watches to record times/distances of cars at different points of the day – specifically filling in record sheet. 

14. Explain: The teacher should then ask where else students have seen solar panels in their daily lives.  Examples could include: road signs, houses, calculators, street-lights, etc. The teacher will direct students to identify answers on why people/companies might use solar energy as a method of renewable energy (cost, pollution, etc.)

Extension: Students will use a T-Chart graphic organizer to identify pros and cons of solar powered cars verses gasoline powered cars. Following this, students will discuss their recordings. (For a further extension piece, solar panels could be added to cars to compare to original set of data – if time permits). 
CLOSURE (20 minutes)
Students will recap ways in which solar energy is used (light/heat energy). Students will compare pro/con sheets and car tracking sheets, identifying that black panels capture solar energy – hence why the black cup with the lid may have heated up the fastest. The teacher will also direct students to indicate why cars might travel faster at certain parts of the day (intensity of the sun, etc.). Students will refer back to the “Sources of Energy” fact sheet and will identify the source of solar energy and ways this type of energy can be used. Assessment of concepts through short exit slip will follow to check for student understanding.

ASSESSMENT (EVALUATE) (20 minutes)

1. Students will be informally assessed on their participation in the activity.

2. Students will receive a work ethic score for their completion of lab worksheets (pro/cons sheet and car sheet). 
3. Exit Slip – Academic Score – students will be asked 1-2 questions to test their understanding of solar energy and its application in these activities. 
4. Unit Assessment/Formal test to follow at end of unit
6.  ENRICHMENT ACTIVITY (60 minutes)
Students will construct a simple sundial using instructions from the Museum of Science and Industry.  Students will identify parts of the day where sun has the greatest intensity (building on knowledge learned from Earth/Space Science Unit in 5th grade). Applying information from this activity, students can identify why solar panels might be positioned in a specific location on a house. 

Name:___________________________

Solar Powered Energy Cars Record Sheet

	Time of Day:
	Time in Seconds of 100 meter car race
	Notes about trial

	Trial 1:

Morning

Actual Time:________


	
	

	Trial 2:

Early Afternoon 

Actual Time:________
	
	

	Trial 3:

Late Afternoon 

Actual Time:________
	
	


In which trial was the car the fastest? What can you infer about this? 

_______________________________________________________________________________________________________________________________________________________________________________________

In which trial was the car the slowest? What can you infer about this? 

_______________________________________________________________________________________________________________________________________________________________________________________

	Pros of Solar Energy
	Cons of Solar Energy

	1. 
	1.

	2.
	2.

	3.
	3.

	4.
	4.

	5.
	5.

	6.
	6.

	7.
	7.

	8.
	8.

	9.
	9.

	10.
	10.
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Name:________________________


SOLAR ENERGY-EXIT SLIP

              1. Identify one negative impact of solar energy and one positive impact of solar energy.

_______________________________________________________________________________________________________________________________________________________________________

2. Which color solar panels are most effective to use? Why?

_______________________________________________________________________________________________________________________________________________________________________

3. What two types of energy does solar energy produce?

_______________________________________________________________________________________________________________________________________________________________________
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