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Description

In this three-part comprehensive place-based and project-based unit, students will learn and apply energy content to devise action plans at an individual, family, and local level. Students will use primary and secondary research explore energy sources and consumption, ultimately working with local professionals to craft an energy plan to meet their renewable energy goals for their jurisdiction.
This time-intensive and skill-intensive multi-disciplinary unit meets a number of NGSS and Common Core standards, and as such is a great opportunity for cross-implementation across classrooms, integrating Math, ELA, science, and civics. The unit is divided into three parts of 1-3 lessons each, which collectively form a complete project-based unit. Parts 1 & 2 can be taught together or as stand-alone units. Part 3 summarizes the findings in Parts 1 & 2 and can be omitted if necessary. 

In Part 1, students will obtain base knowledge of how renewable and non-renewable energies are generated and identify differences between renewable resources and fossil fuels. They also explore energy usage in their own homes and devise a family energy plan. In Part 2, students work with local professionals to determine opportunities and constraints for siting solar farms and small wind turbines in their town or city, using real-world local data and conducting in-depth local analysis to make informed decisions.  In Part 3, students utilize their home energy audits (from Part 1), the information they gathered from the wind and solar assessments in Part 2, and the knowledge they gained from the solar project in Part 2 to devise a plan for their town or city to meet locally-informed renewable energy goals. 
This unit is designed to be implemented in concert with, and with active participation from local government staff and other related professionals, such as solar installers, architects, utility professionals, or environmental nonprofits working on renewable energy or land issues. If working with local government staff, this unit can culminate with students making presentations to elected officials to meet or set renewable energy targets for your town or city. 
Grade Level(s)

This unit is design for grades 6-8, many aspects of this unit are applicable to grades 9-12 as well.
Subject Area(S) 
Project-based learning; Place-based Learning; 21st Century Skills Development; Engineering design process; Energy efficiency; ELA: Reading: Science and Technical; Energy Fundamentals; Solar Photovoltaic; Wind Energy; Fuels; SEP: Obtaining, Evaluating & Communicating Information, Investigation, Data Analysis, Math and Computational Thinking, Obtaining, Evaluating and Communicating Information, Engaging in Argument, Constructing Explanations and Designing Solutions, Obtaining, Evaluating, and Communicating Information; Energy Definitions; PS3.B: Energy Conservation and Transfer; ESS3.D: Human Impact; Socratic discussion; Research-primary; Research-secondary; Math: Graphing and Representation, Addition, Subtraction, Multiplication, Division, Measurement; Social Sciences: Analysis, Civics, Economics; Energy conservation and transfer; hands-on materials; multiple learning styles; Circuitry; Electrical energy; Electricity Generation; Electrons; Materials science; group work/ collaboration;
Learning Goals – Part 1
1. Students will define and explain the differences between renewable and non-renewable energy sources. 

2. Students will research, summarize, and present the (short- and long-term) benefits and drawbacks of utilizing wind and solar energy.  

3. Students will research, summarize, and present the (short- and long-term) benefits and drawbacks of utilizing fossil fuels.

4. Students will generate questions about the greenhouse gas effect, identify and isolate variables, and then conduct an experiment to answer a class generated question about the greenhouse gas effect.

5. Through Socratic seminar, students will use the knowledge gained over the course of this lesson to discuss the potential long- and short-term benefits and drawbacks of using fossil fuels, solar energy, and wind energy.

6. Students will define scientific vocabulary related to electricity. 

7. Students will be able to describe how electricity moves through a conductor. 

8. Students will draw and describe series and parallel circuits.

9. Students will identify ways that energy is consumed within their homes. 

10. Students will perform an energy audit of their home and calculate the amount of energy used by each electronic device and appliances. 

11. Students will create a spreadsheet demonstrating the electricity required to operate each electronic device and appliance, along with a summary of finding that clearly identifies how energy consumption can be reduced within their home.

12. Students will explore various ways to reduce energy (goal is 30% reduction). 

13. Students will propose a variety of energy reduction plans and present those options to their families for discussion. 

14. After discussion with their families, students will itemize the agreed upon plan and identify specific actions that result in quantifiable outcomes that will implemented to reduce energy consumption by their families.
Learning Goals – Part 2

1. Students will gain background information regarding the limitations of having and wind and solar generating infrastructure within city and county limits, including environmental, aesthetic, and cultural considerations.  

2. Students will work with professionals to compile criteria for placement of wind and solar energy sources.

3. Students will conduct experiments to collect and analyze data to provide a conclusion to the questions: What is the optimal blade angle for generating the most energy? What is the optimal wind speed for generating the most energy? 

4. Students will use prevailing wind data in your region to examine energy output of various sized small wind turbines as wind speeds incrementally increase. 

5. Based on local wind speeds, students will determine a range of potential kilowatt generation from wind power.

6. Students will conduct experiments to determine how electrical output of solar panels change as the tilt, azimuth, and shade coverage change. 

7. Students will generate, compare, and evaluate various solar configurations for a solar project in your region. 

Learning Goals – Part 3

1. Students will utilize previously acquired information about energy needs to create a renewable energy proposal for your town or city. 

2. Students will perform a solar audit on their homes and use class averages to project the amount of solar energy that can be generated on residential properties. 

3. Students will assess where commercial and municipal solar projects can occur within your town or city to meet the energy needs for non-residential consumers. 

4. Students will determine potential locations for larger-scale wind and solar farms to augment the remaining energy needs of the community.

5. Students will prepare a comprehensive renewable energy plan that totals the calculations for potential residential, commercial, and agency renewable energy generation.

6. Students will calculate the average amount of energy generated by wind turbines and solar panels in various conditions to determine the quantity of renewable energy sources required to power the city. 

7. Students will use their projected energy calculations to propose a combination of wind and solar sources to meet your locality’s energy needs, based on benefits and drawbacks of each source of energy.

8. Based on prevailing winds and building orientation, students will explore potential sites for wind turbines and solar panels.

9. Students will develop a final proposal to meet future energy needs through a combination of energy generation and reduction of energy consumption, prepare a brief slide presentation that summarizes their comprehensive plans, and present their finding to local energy conservation groups and local government staff or elected officials.
Unit Experiences
Suggested Teaching Times 
	Lesson/Experience
	Time

	Engage/Explore

	P1- L1: Why Use Renewable Energy?
	50 min x 10 = 500 min (8 hrs 20 mins)

	P2 – L1: Renewable Energy Regulations
	50 min x 2 = 100 min (1 hr 40 mins)

	Explain

	P1-L2: What is Electricity and How do We Use it?
	50 min x 4 = 200 min (3 hrs 20 mins)

	Elaborate/Evaluate

	P1-L3: Home Energy Audits
	50 min x 5 = 250 min (4 hr 10 mins)

	P2- L2: Wind Power
	50 min x 12 = 600 min (10 hr)

	P2-L3: Solar Power
	50 min x 7 = 350 min (5 hrs 50 mins)

	P3-L1: Present Findings
	50 min x 5 = 250 min (4 hr 10 mins)

	Total
	50 min x 45 = 2250 min (37 hrs 30 min)


Next Generation Science Standards

	Guiding Phenomenon
	Primary Anchoring Issue for Unit: 

Local Action & Civic Engagement

· Energy can be conserved by reducing waste in everyday activities and our choices around energy and product choices use have direct and indirect economic, social, and environmental consequences that affect everyone.

· Significant quantities (in this case, energy savings) can be generated over time even when many people contribute small efforts. 
· Small individual actions have large cumulative effects.

Secondary Content Areas to Anchoring Inquiry
Sources of Energy and its Impacts

· Energy is generated and consumed in a variety of ways. The amount of energy humans consume can be controlled and have significant positive impact on the Earth. The way in which energy is generated and distributed can also have significant positive impact on the life systems on Earth. 
· Every type of energy is obtained, transformed, and distributed and each of those steps has environmental consequences.

Greenhouse Gas Effect

· Fossil fuels are a finite resource that when burned release carbon dioxide and other greenhouse gases into the atmosphere.  

· Quantities of greenhouse gasses in the atmosphere have increased since the Industrial Revolution and since then, human-related activity have resulted in an increase of Earth’s surface temperature. 

	Supplementary Phenomena
	· Electricity can be generated by harnessing wind energy.
· Electricity can be generated by harnessing solar energy


Next Generation Science Standards Assessed in This Unit

	Performance Expectation
	How is this Assessed? 

	MS-ESS3-3.  Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.
	P1-L1: Students explore and explain the greenhouse gas effect.
P1-L1: Students compare the benefits and drawbacks of using fossil fuels and renewable energy resources, which will then be applied in Parts 2 and 3. 

	MS-ESS3-4.  Construct an argument supported by evidence for how increases in human population and per-capita consumption of natural resources impact Earth’s systems.
	P1-L3: Students explore and report on where energy is used within their homes. 
P1-L3: Students will calculate the percent decrease of energy consumption their families and compile data to determine the overall potential energy savings.    

	MS-PS3-2.  Develop a model to describe that when the arrangement of objects interacting at a distance changes, different amounts if potential energy are stored in the system.
	P1-L2: Students will draw an atom and describe how electrons move to create energy.

P2-L2: Students build and test circuits, understanding and applying the concept of electric potential energy (voltage).

	MS-ETS1-1.  Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

	P2-L1: Students compile regulations regarding wind and solar power sources within city limits.
P2-L2: Students explore turbine blade positions, compile, and analyze efficiency data.     

P2-L3: Students explore solar panel inclinations, compile, and analyze efficiency data.

P3-L1: Students will draft and evaluate various energy plans to identify the benefits and drawbacks of each proposal.

	MS-ETS1-2.  Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
	P1-L3: Students create a checklist and evaluate various ways to decrease energy consumption in their homes.  
P2-L3: Students evaluate two solar energy plans to identify the benefits and drawbacks of each proposal.

P3-L1: Students will draft and evaluate various energy plans to identify the benefits and drawbacks of each proposal. 

	MS-ETS1-3.  Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.
	P1-L3: Students will calculate the percent decrease of energy consumption for various plans.
P2-L2: Students explore turbine blade positions, compile, and analyze efficiency data.     
P2-L3: Students explore solar panel inclinations, compile, and analyze efficiency data.     

	MS-ETS1-4.  Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved.
	P2-L2: Students use turbine data to determine optimal positioning of wind turbines in the valley. 
P2-L3: Students use solar data to determine optimal positioning of solar panels in the valley.

	HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
	P2-L2: Students explore turbine blade positions, compile, and analyze efficiency data.     

P2-L3: Students explore solar panel inclinations, compile, and analyze efficiency data.



	HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.
	P1-L3: Students will calculate the percent decrease of energy consumption for various plans.

P2-L2: Students explore turbine blade positions, compile, and analyze efficiency data.     

P2-L3: Students explore solar panel inclinations, compile, and analyze efficiency data.

P3-L1: Students will draft and evaluate various energy plans to identify the benefits and drawbacks of each proposal.

	HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems
	P1-L3: Students will calculate the percent decrease of energy consumption for various plans.

P2-L2: Students explore turbine blade positions, compile, and analyze efficiency data.     

P2-L3: Students explore solar panel inclinations, compile, and analyze efficiency data.

P3-L1: Students will draft and evaluate various energy plans to identify the benefits and drawbacks of each proposal.


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

	ESS3.A: Natural Resources

	Students explore renewable and non-renewable sources of energy, comparing and contrasting their benefits and drawbacks in preparation for their local project.

	ESS3.C Human Impacts on Earth’s Systems
	Students consider their individual energy consumption and compile their classes’ energy requirements to project that data over a community. Students also consider options to reduce energy consumption and project that over a community. Students discover the amount of energy one wind turbine and one solar panel can generate to determine the number of wind turbines and solar panels needed to power a small city.  

	PS.1.A Structure of Matter
	Students examine the atomic causes for the movement of electrical energy across materials. 

	PS3.A: Definitions of Energy 
	Students learn about how energy is generated and transmitted. Students observe local, seasonal wind patterns and sun patterns to determine optimal positioning of wind turbines and solar panels based on how energy is generated using wind and solar sources. 

	PS3.B: Conservation of Energy and Energy Transfer
	Students explore how solar and wind energy are converted into electrical energy, which can perform work by being converted into toehr forms of energy such as light, heat and mechanical energy.

	ETS1.A: Defining and Delimiting Engineering Problems

	In preparation for a local energy plan, students will identify the advantages and drawbacks of various sources of energy. Students will also examine local physical and regulatory considerations within their city to clearly determine the constraints and criteria of an energy plan.  

	ETS.1.B Developing Possible Solutions
	Students will devise and compare various plans to address their city’s renewable energy goals. 

	ETS.1.C Optimizing the Design Solution
	Students will optimize energy plans in response to professional and colleague feedback to optimize the plan to local considerations. 


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

	Asking questions and defining problems
	P1-L1: Students will define variables that impact the greenhouse gas effect. 

P1-L1: Students will critically evaluate the benefits of drawbacks of various energy sources. 

P1-L2: Students will generate questions regarding how energy moves through parallel and series circuits. 

P1-L3: Students will ask questions about where energy is used in their homes and gather data to answer the questions. 
P1-L3: Students will generate ways in which energy is used within their homes and identify ways that energy usage can be reduced.
P2-L1: Students will interview professionals to gather information about environmental restrictions around placing wind turbines and solar panels.

	Developing and using models
	P1-L2: Students will draw parallel and series circuits. 

P1-L3: Students will compile and analyze data to create generalizations about how energy usage can be reduced across a community. 
P2-L3: Students will use Google Earth to site solar panels.

P3-L1: Students will use Google Earth to site wind turbines.

	Planning and carrying out investigations
	P1-L2: Students will investigate the differences between series and parallel circuits.

P1-L3: Students will conduct a home energy audit.

P2-L2: Students will conduct experiments about the size and position of wind turbine blades with the purpose of maximizing energy production.

P2-L3: Students will conduct experiments about the inclination of solar panels with the purpose of maximizing energy production.

	Analyzing and interpreting data
	P1-L1: Students will evaluate data collected during greenhouse gas demonstrations and experiments. 

P1-L3: Students will evaluate their home energy audits to determine multiple ways to reduce energy consumption.
P2-L2: Students will compare results from experiments to determine the optimal wind turbine position in relation to prevailing winds.
P2-L3: Students will compare results from experiments to determine the optimal position of solar panels in relation to seasonal sun angles.

	Using mathematics and computational thinking
	P1-L3: Students will compile data from home energy audits to determine common ways in which energy usage can be reduced.
P2-L2: Students will determine variables and collect data on various wind speeds and wind turbine angles.

P2-L3: Students will determine variables and collect data on various tilts and azimuths.
P3-L1: Students will compile wind and solar data to determine the total amount of energy that can be generated using renewable resources.

	Constructing explanations and designing solutions
	P1-L3: Students will present their home energy audits to their families, including possible solutions and the benefits and drawbacks of each option.

P2-L3: Students will use collected data to propose locations for solar panels.

P3-L1: Students will use collected data to propose locations for wind turbines.

P3-L1: Students will compile their findings to create a renewable energy plan for the city.

	Engaging in argument from evidence
	P1-L1: Based upon data they gather students will discuss variables that increase or mitigate the greenhouse gas effect.
P1-L1: Students will conduct research for a Socratic Seminar that will focus on the benefits and drawbacks of various energy sources.
P1-L3: Students will discuss common data trends from their home energy audits to identify high energy uses. 

P3-L1: Students will use data collected throughout the unit to develop multiple renewable energy plans and evaluate each of those plans based on established criteria and priorities.

	Obtaining, evaluating, and communicating information
	P1-L1: Students will describe the variables involved in producing the greenhouse gas effect and how the changes in the variables disrupt the balance of the Earth’s atmosphere.

P1-L1: Students will analyze informational texts on various sources of energy and climate change, prepare for and participate in a Socratic seminar.

P1-L2: Students will describe the difference between series and parallel circuits in writing.
P1-L3: Students will identify ways in which and quantities of energy consumed within their homes.

P1-L3: Students prepare and present the findings of their home energy audits to their families.

P2-L1: Students will interview professionals to increase their knowledge of environmental criteria to consider prior to finalizing energy proposals.

P2-L3: Students will use sun patterns and data from experiments to site solar panels.

P2-L3: Students will present a solar energy plan to the city.

P3-L1: Students will evaluate multiple renewable energy plans.

P3-L1: Students will finalize a proposal for presentation to the city.

P3-L1: Students will use prevailing wind patterns and data from experiments to site wind turbines.


Three-Dimensionality: Crosscutting Concepts (CCCs) 
	Crosscutting Concepts
	Linkage in Unit  

	Patterns

	P1-L3: Students will look for patterns in their data to generate ideas to reduce energy consumption.
P3-L1: Students will look for patterns across class data to suggest action plan to City.
P2-L2: Students will examine prevailing wind patterns in the Rogue Valley.

P2-L3: Students will use data to determine how the angle of sun changes throughout the seasons.

	Cause and Effect 

	P1-L1: Students will evaluate the benefits and drawbacks of using various energy sources.

P1-L2: Students will summarize the results of changing variables.

P1-L3: Students will conduct a home energy audit to determine how energy is consumed within their homes.
P1-L3: Students will generate an energy savings plan for their family that includes the drawbacks and benefits.

P1-L3: Students will describe the benefits of reducing energy consumption.

	Scale, Proportion, and Quantity

	P1-L3: Students compile data from their home energy audits to determine the amount energy that can be saved over the community.

P2-L3: Students create plans to power community building using solar.

P3-L1: Students propose locations and quantities of wind turbines to generate energy for a small city.
P3-L1: Students propose locations and quantities of solar panels to generate energy for a small city.
P3-L1: Students compile data to determine the amount of energy that can be saved and generated.

P3-L1: Students synthesize their data to create a renewable energy plan.


SUPPORTING COMMON CORE STATE STANDARDS
· Integration of Knowledge and Ideas ELA Anchor Standard 7: Integrate and evaluate content presented in diverse media and formats, including visually and quantitatively, as well as in words. 
· WHST.6-8.7   Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple avenues of exploration.  

· RST.6-8.9   Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on the same topic.

· WHST.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures / experiments, or technical processes.

· Production and Distribution of Writing ELA Anchor Standard 4: Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

· Production and Distribution of Writing ELA Anchor Standard 6: Use technology, including the internet, to produce and publish writing and to interact and collaborate with others. 
· Research to Build and Present Knowledge ELA Anchor Standard 7: Conduct short as well as more sustained research projects based on focused questions, demonstrating understanding of the subject under investigation.

· Range of Writing ELA Anchor Standard 10: Write routinely over extended time frames (time for research, reflection, and revision) and short time frames (a single sitting or a day or two) for a range of tasks, purposes, and audiences. 

· Social Science Analysis 8.27 Examine the various characteristics, causes, and effects of an event, issue, or problem.

· Social Science Analysis 8.28 Investigate a response or solution to an issue or problem and support or oppose, using research.

· 6.RP.2
Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠0, and use rate language in the context of a ratio relationship

· 6.RP.3
Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations.

· 7.MP.1 Make sense of problems and persevere in solving them.

· 7.MP.2 Reason abstractly and quantitatively.

· 7.MP.4 Model with mathematics.

· 7.RP.1
Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different units.  

· 7.RP.2
Recognize and represent proportional relationships between quantities.

· 7.RP.3
Use proportional relationships to solve multistep ratio and percent problems

· 7.G.1 Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale.

· 7.G.6 Solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

Content Background
STUDENT BACKGROUND  
This unit requires at least a basic familiarity and some proficiency in a number of science, ELA, math, and engineering skills, as well as knowing how to work effectively in both group and individual settings. Although the described skills are necessary to complete the project in the outlined time frame, all of the skills can be taught in conjunction with this project. Allow additional time depending upon the skill level of your students. 

To complete the entire unit, students should be familiar with the engineering design process and be comfortable using it to solve complex problems. The engineering design process is used throughout the unit as a guide for problem solving. Although students do not build during this unit, students do use every step of the engineering design process to formulate and produce an energy proposal that will be presented to local stakeholders or elected officials.

This unit is designed to be collaborative and project-based, so it would be helpful for students to be familiar with being assigned roles and working in small groups. If necessary, educators could take a class session to clearly set expectations for group norms and define group roles. Students should also be able to move between working independently and within a group to accomplish large tasks. Students should be accustomed to using the habits of discussion when in a classroom setting. 
Students should be familiar with analyzing text, identifying the author’s intent, the main topic, and supporting details. Students should also be able to produce an informative, technical piece of writing. In addition, students should be able to clearly summarize ideas, including the description of process and data interpretation. Students should be familiar with using google docs, slides, and sheets to generate written work.
For labs, students should be familiar with the scientific process; they should be comfortable generating questions, developing hypothesis, and following procedures. Additionally, students should be able to identify independent and dependent variables and create coordinate graphs to represent potential relationships between the two. Students should be able to interpret the graphs they create.  
The ability to create scaled drawings would be helpful when creating the solar plan for the town/city. Additional math skills include the ability to find percent and percent change. Students should also be able to generate equations based on mathematical patterns. 
Finally, although it is addressed in Lesson 1, students will benefit if they have some familiarity with the scientific concept of energy, the various types of energy, and the concept of energy transformation. See CE’s website for a basic resource on energy fundamentals. 
EDUCATOR BACKGROUND  
This is project-based and place-based unit. In order to successfully implement this project, the educator should be familiar with project-based learning, be able to establish collaborative learning environments, and be able to make contact with the local city planner. 
This is a time-and skill-intensive unit. Depending upon what skills the students have, additional time might be necessary to integrate background knowledge into the learning process. Since the skills needed by students cut across disciplines, this unit is a great opportunity to collaborate across classrooms to teach grade-appropriate science, math and ELA skills in a unified context.
For educators, basic working knowledge of electricity generation, circuits, and direct and alternating currents would be helpful. CE’s website (cebrightfutures.org) contains information on electricity fundamentals and circuitry principles. However, in-depth knowledge of how solar panels or wind turbines work is not necessary for this unit. It would be helpful for the educator to conduct their own home energy audit before having students try. It can be challenging to find reliable resources that state energy consumption of large appliances, especially since make, model, and year have a significant impact on energy consumption. The teacher should work through the equations on the energy audit template to have a clear understanding of how to guide students to the equations. 

For part two, which is a renewable energy project for the locality, the teacher should be able to generate a scaled drawings of available rooftop space (using tools like Google Earth and Google Maps)  and determine how to maximize solar panels coverage of a roof surface (students are expected to do this as well). Becoming familiar with the NREL PVWatts website will empower the teacher to change variables and predict outcomes in the solar lab and identify student errors during plan development. The teacher should be comfortable calculating percent and finding percent change. 

See References below for resources to support educator background learning. 

VOCABULARY  
	Angle of Inclination
	The angle the PV cell is positioned about the horizontal.

	Alternating Current (AC)
	Electrical current that regularly shifts directions. Alternating current is used in homes and businesses.

	Atom
	The basic unit of all elements of matter

	Circuit
	A path through which electrical current can flow

	Conductor
	A material or object that conducts electricity. Conductors have low resistance to the movement of charge.

	Direct Circuit
	An electric circuit providing current in one direction only.

	Direct current (DC)
	Electrical current that flows in one direction. A common source of direct current is battery cells.

	Electricity
	A flow of electrons, often through a circuit, resulting from a potential difference in charge (Voltage) between two points.

	Electron
	A small, atomic particle with a negative charge whose movement from atom to atom is the basis of electrical energy. 

	Energy
	The ability to do work

	Energy Audit
	A thorough examination of how energy is used in the home and costs associated with those uses.

	Fossil Fuel
	 Fuels, such as petroleum, natural gas, and coal, that are formed by the decay and decomposition of organisms buried in the Earth for millions of years.  

	Insulator
	A substance that does not allow electricity to move easily, it has high resistance to the movement of charge.

	Inverter
	A machine that converts direct current (DC) electricity to AC (alternating current).

	Kilowatt
	Typical unit for electrical power. Power is a measure of Current * Voltage (electrical potential). 

	Kilowatt Hour (kWh)
	Typical unit for electrical energy used over a period of time

	Kinetic Energy
	The energy of moving objects. The faster an object moves, the more kinetic energy it has. 

	Parallel Circuit
	An electric circuit providing more than one conducting path for electrons to travel.

	Photovoltaic Cells
	Semiconductor devices that convert the energy of sunlight into electrical energy. Also called PV cells or solar cells. 

	Potential Energy
	Energy that is stored. Energy can be stored in chemicals (batteries, food), height (gravitational), etc.

	Proton
	A particle with a positive charge that is located in the nucleus of an atom

	Renewable Energy
	Energy that is made from sources that can be regenerated in a short period, such as the sun, wind, geothermal, biomass, tidal, and hydro.  

	Series Circuit
	An electric circuit providing single conducting path such that current passes through each element in turn without branching.

	Solar Panels (or Modules)
	A group of connected photovoltaic cells.

	Transformer
	A machine used for transferring energy from one circuit to another without changing frequency. Transformers are used to increase or decrease the alternating voltages in electric grids. 

	Voltage
	The difference in electrical potential between two points in an electrical circuit.

	Wind Turbine
	A device similar that moves with the wind to convert kinetic energy into mechanical energy, which is then converted to electrical energy.   


Required Materials  
PART 1 - Classroom SUPPLIES

· Markers

· Poster paper

· Timers (stop watches or egg timers)

· Internet access 

· Projector

· Clear Tape

· Rubber bands

· Dictionaries or access to on-line dictionary

Part 1 – Lesson 1: handouts/Paper materials

· Electrical Energy Pre-test (1 copy per student)

· Electrical Energy Summative _KEY

· Energy Use Data from Home Energy Audit template 

· L1-D1: “What is energy?” Questions Worksheet

· L1-D2: “Renewable Energy: The Clean Facts” Article

· “Informative Text Notes” Worksheet (page 1 - 1 per student)

· L1-D3: “Advantages of Wind Energy” Article

· L1-D3: “Challenges of Wind Energy” Article

· L1-D3: “Pros and cons Wind Energy_Conserve” Article

· L1-D3: “Renewable Energy_Adv Disad” Article

· L1-D3: “Solar Energy” Article

· L1-D3:  “Uses of Wind Power” Article

· “Informative Text Notes” Worksheet (page 1 - 1 per student; page 2 – 3 per student)

· L1-D4: “Disadvantages of Fossil Fuels” Article

· L1-D3: “Pros and Cons of Fossil Fuels_altenergy” Article

· L1-D3: “Pros cons fossil fuels_apecsec” Article

· L1-D3:  “What are fossil fuels” Article

· “Informative Text Notes” Worksheet (page 2 – 2 per student)

· 4 Poster sized pieces of paper. One titled, “What are fossil fuels?”; second titled, “Benefits of Using Fossil Fuels”; third titled, “Drawbacks of using fossil fuels”; the fourth titled, “Connections to previous knowledge” 

· L1-D5: “Greenhouse Gas Effect Lab” Worksheet

· Newsela article “Effects-air-pollution-42357-article”

· “Informative Text Notes” Worksheet (page 1 - 1 per student)

·  “Climate Change_NASA_decreased snow cover” Worksheet

· “Climate Change_NASA_Extreme events” Worksheet

· “Climate Change_NASA_Global temps” Worksheet

· “Climate Change_NASA_Ocean acidification” Worksheet

· “Climate Change_NASA_Sea Level Rise” Worksheet

· “Climate Change_NASA_Shrinking Ice Sheets” Worksheet

· “Climate Change_NASA_Warming Oceans” Worksheet

· “Informative Text Notes” Worksheet (page 2 – 3 per student)

·  “Socratic Discussion Rubric” (1 per student)

· Habits of Discussion Sentence Stems (Class set)

Part 1 – Lesson 1: Activity Supplies (per group of 3-4 students)

· Chromebook or computer with access to the internet (1 per student)
· Shop lamp with 150W spot light bulb

· 2 - clear 2 liter bottles with top ⅓ removed

· 2 cups sand (the same color and mixture)

· Plastic wrap to cover top of 2-L bottle

· 1 rubber band (to secure plastic wrap over bottle)

· 2 thermometers

Part 1 – Lesson 2: handouts/Paper materials
· “Pt1_L2-D1_Electrical Energy Background” Presentation 

· “Pt1_L2-D1_Electrical Energy Notes” (1 copy per student)

· What is electricity? Presentation from https://www.teachengineering.org/lessons/view/ucd_electricity_lesson01
· “Pt1_L2-D2_What is electricity? Student Notes” (1 copy per student)

· “P1_L2-D3_Atoms and Electrical Fields” (1 copy per student)

· YouTube Video “Electrical Grid 101: All You Need to Know!” (https://www.youtube.com/watch?v=nbPmsBmo03Y)

· “Pt1_L2-D4_Electricity in Your Home” student worksheet

· “Pt1_L2-D4_Reading Your Electric Bill” reading

· “Pt1_L2-D4_Reading Your Electric Bill” presentation

·  “Pt1_L2-D5_Circuits” student worksheet

Part 1 – Lesson 2: Activity Supplies (per group of 2-3 students)

· Snap Circuits (https://www.elenco.com/brand/snap-circuits/)

Part 1 – Lesson 3: handouts/Paper materials
· Small appliance and device data compiled by class

· Home energy audits (Completed from Day 0 of Lesson 1)

· Home energy audit findings summary template (excel spreadsheet)
· P1_L3_D5_energy audit summary student example

· P1_l3_D5_Home Energy Audit_Student Example

Part 1 – Lesson 3: Activity Supplies (per group of 3-4 students)

· Device with internet access (1 per student)

· Common household appliances, such as hair dryer, curling iron, blender, food processor, toaster, hot plate, slow cooker, phone chargers, laptop computers, etc. (class set – these items can be distributed to groups of 3-4 students or set up in stations for small groups to test)

· Kill-a-watt meters (1 per small group or station)

PART 2 - Classroom SUPPLIES

· Rulers

· Graph paper

· Timers (stop watches or egg timers)

· Internet access 

· Projector

· Clear Tape

· Colored Pencils

· White copy paper

Part 2 – Lesson 1: handouts/Paper materials
· Poster sized paper per group

· Student questions from Day 1.

· List of student generated questions with space for students to record answers during discussion.
Part 2 – Lesson 2: handouts/Paper materials
· P2_L2_D1_What is Wind?

· P2_L2_D2_Where is it Windy? Lab Sheet

· P2_L2_D3_Mechanical windmill Lab sheet (1 for each student)

· P2_L2_D4_Wind Turbine Notes (1 copy per student)

· P2_L2_D5_Blade Design-Number of Blades Lab sheet

· Newsela Article Issue Overview: Wind Power (1 copy per student)*

· P2_L2_D5_ Air Masses and fronts (1 copy per student)*

· P2_L2_D5_Climate vs weather (1 copy per student)*

· Science textbooks and / or devises with internet access*

*NOTE: If unable to acquire one KidWind Kit per group of 4 students, the reading assignments can be used as supplemental materials for days 5 through 12 while students wait to test.

· P2_L2_D7_Blade Design_Pitch Lab sheet

· P2_L2_D9_Blade Design_Student Choice Lab sheet

· P2_L2_D12_Optimal Wind Turbine Blade Design (one copy per student)

Part 2 – Lesson 2: Activity Supplies (per group students)

demonstration Supplies (per class of students)

· Hot plate

· 2-3 empty soda cans

· Tongs

· Leather Gloves or gloves significant enough to protect hands from steam burns

· Container large enough to submerge soda can

· Cold water and ice

· Hard boiled eggs (peeled)

· Glass container with opening large enough to allow egg to travel through but small enough that the egg won’t easily fall through (Starbucks cold coffee bottle or similar)

· Matches

· Paper scraps to burn

Activity Supplies (one set up that can be used multilpe times)

· Dixie cups with bottom 1/3 - 1/2 filled with sand

· Straws with 4”of string taped to top

· 2-3 Box fans with multiple settings

· Objects that can be used as obstacles (text books, boxes, etc.)

· Objects with various textures (pieces of carpet, large pieces of paper, etc.)

· 4-5 box fans for testing 

· 100+ Large washers (or similar to be used as weights for testing)

Activity Supplies (per group of 2-3 students)
· 1 dinner sized paper plate

· 6, 4”x 6” index cards

· 2 shish kebab skewers

· 1 straw

· 4 T-pines

· 4’string

· 1, 3 oz. cup

· 18”masking tape

· 1 rubber band

· 1 cork

· 1, 3” dia. x 2” section of pool noodle (or approx. 3” dia. Styrofoam craft ball)

· Scissors

Activity Supplies (per group of 3-4 students)

· KidWind Basic Wind Kit through Vernier (https://www.vernier.com/products/kidwind/wind-energy/kw-bwx/)

· Box fan

· Multimeter

· Meter stick

· Box cutters

· Hot glue gun and hot glue

· Election signs or sheets of cardboard

· Specified number of ¼”dowels cut to 6”in length (included in the KidWind kit)

· Note: KidWind Kits come with rectangular chipboard and balsawood blades. If enough kits can be purchased, there is no need to for students to cut out blades. 
· P2_L2_D5_Blade Design-Number of Blades Lab KEY

· P2_L2_D7_Blade Design_Pitch Lab KEY

· P2_L2_D9_Scoring Rubric

Part 2 – Lesson 3: Activity Supplies (per group of 3-4 students)

· Compass (navigational) or access to compass app on phones

· Device with access to the internet for Google Slides or access to PowerPoint

· Device with access to internet website PV Watts   (https://pvwatts.nrel.gov/)

· Access to Google sheets or Excel spreadsheet (optional)

· 1 volt solar panel (or 6-8 solar panels of the same size)

· Heat lamp









· Cardboard, painted white



· Card stock (or while index cards)

 

· Clear bubble wrap (or clear plastic wrap)

· Waxed paper



· Tissue paper (or patty paper)

· Protractor

· Multimeter




· 30 /60 triangle




· 45 triangle



Part 2 – Lesson 3: handouts/Paper materials
· To-scale site map with title black that includes scale, compass rose, and site address

· P2_L3_Site map (same as day 1)

· P2_L3_Project information and requirements

· P2_L3_Total annual energy needs for City Hall and the Depot

· P2_L3_Solar panel cut sheets (SunPower E-20 Series and Q.Peak Duo-G5)

· P2_L3_Absolute Steel cut sheet for commercial carports (https://www.absoluterv.com/carport-kits-commercial/)

· Graph paper (1/4”)

· Pt 2_L3_Solar Lab 1_Azimuth_Tilt Lab Sheet

· Pt 2_L3_Solar Lab_Data Collection: Az Tilt

·  “Pt2_L3_ Solar Lab 2_Shade” Lab sheet (1 for each student)

· Pt 2 _L3_Proposal to City  (can also be dispersed digitally) 

· Solar Estimation Test

· P2_L3_D1_Scaled Drawings Keys

· P2_L3_Community Center Info

· P2_L3_Carbon Footprint

· Pt 2_L3_Solar Lab 1_Azimuth_Tilt Lab KEY

· Pt 2_L3_Solar Lab 1_Azimuth_Tilt Graph Example 1

· Pt 2_L3_Solar Lab 1_Azimuth_Tilt Graph Example 2

· P2_L3_Shade Lab KEY

· Solar Estimation Test KEY

PART 3 - Classroom SUPPLIES

· Internet access 

· Calculators

Part 3 – Lesson 1: handouts/Paper materials
· Pt 3_L1_D1_Wind Power Calcs Summary (one copy per student)

· Pt 3_L1_D1_Wind Power Calcs Summary KEY 

· Pt 3_L1_D2_Home Solar Analysis (one copy per student)

· Pt 3_L1_D3_Calculating Wind Power (one copy per student)

· Pt 3_L1_D3_Wind Power Potential (one copy per student)

· P3_L1_D4_Wind Solar Energy Analysis

· P3_L1_D4_Energy Analysis Student Example

· P2_L3_D7_Proposals to City_Example 1

· P2_L3_D7_Proposals to City_Example 2

· Materials from days 1-2

· Slideshow template (shared with each group)

Part 3 – Lesson 1: Activity Supplies (per group of 3-4 students)

· Device with access to internet and PV Watts website (pvwatts.nrel.gov/pvwatts.php)

· Access to google sheets or Excel spreadsheet (optional)

· Protractors (for students who didn’t gather azimuth data at home)

Unit Progression  
PART 1 SUMMARY
Students will research the potential long- and short-term benefits and long-term drawbacks of using fossil fuels, solar energy, and wind energy. Students will also conduct an experiment that demonstrates the greenhouse gas effect, learn how electricity originates at an atomic level, and model the flow of electricity as it moves through conductors and directs energy through circuits. To solidify their foundational understanding, students will discuss their findings in a Socratic Seminar. 

The ultimate goal of this unit is to have students devise a plan for meeting their town or city’s renewable energy policy goals (if none exist, they can set research-informed goals as part of their planning process) . To kick-off the project, students will conduct a home energy audit to identify how energy is being used in their homes. After students identify high energy use appliances and electronics students will prepare an energy savings plan and present it to their families.

Lesson Summaries  
PART 1 - LESSON 1: WHY USE RENEWABLE ENERGY? 
This lesson is designed to span nine – 50-minute class periods. The purpose is for students to obtain a base knowledge of how renewable and non-renewable energy is generated and identify differences between renewable resources and fossil fuels. Students will research the potential long-term and short-term benefits and drawbacks of using fossil fuels, solar energy, and wind energy. In addition, during this lesson students will conduct an experiment that demonstrates the greenhouse gas effect. At the end of the lesson, students will be able to answer specific questions about renewable and non-renewable energy options and explain the differences between renewable and non-renewable energy options. To solidify their understanding students will discuss their findings through Socratic Seminar.

PART 1 - LESSON 2: WHAT IS ELECTRICITY AND HOW DO WE USE IT? 
This lesson is designed to span four to six – 50-minute class periods. During this lesson students will learn about how electricity originates at an atomic level, how electricity moves through conductors and can be directed using circuits.

PART 1 - LESSON 3: HOME ENERGY AUDITS
This lesson is designed to span five – 50-minute class period. During this lesson students will focus on where energy is used within their homes, how energy consumption is calculated, and how energy consumption can be reduced. Students will conduct a home energy audit and determine multiple ways to reduce energy consumption. Students will compare their savings to the overall community goal of thirty percent reduction in energy consumption. NOTE: Home energy audits should be assigned at least two weeks prior to beginning this lesson.
PART 2 SUMMARY
In Part 2, students begin to examine specific renewable technologies in the policy and built environment context of your town or region. Students will engage with local professionals and begin to analyze and understand their local policy and context before considering how that applies to wind and solar energy generation. 

To study wind energy generation, students will research prevailing wind patterns in your region and calculate potential energy generation of various sized wind turbines at multiple wind speeds. Students will use Vernier Wind Turbine kits to experiment with how energy output changes as blade pitch, the number of blades and wind speed change. Students will use the data they collect to determine the optimal configuration of small wind turbines. In part three, students will use this data to propose locations in your locality for wind turbines. 

To explore solar energy generation, students will work (hopefully in conjunction with local government staff or professionals) to propose ways to generate enough solar power energy to supply the annual energy needs for two buildings. Students will be provided with two on-site options for solar panel installation (for example, one being to place solar panels on metal structures over parking spaces and the other being to place solar panels on fixed or rotating racks in an open field). Students will calculate installation costs, solar potential, determine adjusted annual, and find the return on investment for all options. To estimate energy outputs from solar panels students will use NREL’s PVWatts website. Students will use solar panel dimensions and parking structure sizes to determine the percent coverage and adjust the estimated outputs accordingly. Students will conduct experiments using miniature solar panels, multimeters, and heat lamps to gather data on tilt, azimuth, and quantity of shade coverage and use percent change to compare their collected data to projected outputs generated in PVWatts for similar adjustments. After evaluating various energy outputs, students will evaluate both options based on cost, projected return on investment and the environmental benefits and drawbacks of each option. Each student will formalize their proposal in a report and prepare a short slide presentation that clearly communicates and synthesizes the same information presented in the report. 
PART 2 – LESSON 1: RENEWABLE ENERGY REGULATIONS
This lesson is designed to span two – 50-minute class periods. Students will meet with local planners or other local government or utility staff, or relevant professionals to discuss public policy regarding the use of wind turbines and solar arrays to generate electricity. Students develop questions for a panel of professionals regarding considerations such as wildlife migration patterns, visual corridors, archeology sites, drainage, and vegetation. Questions may include the following: How is locally generated renewable energy utilized in conjunction with energy sources transmitted through the grid? What, if any, are the limitations regarding the installation of solar panels on residential properties? Commercial properties? Public properties? What, if any, are the limitations of installation and use of wind turbines within town/city limits and on county properties? Students will gain background information regarding the limitations of having and wind and solar generating infrastructure within town/city and county limits. 
PART 2 – LESSON 2:  WIND POWER
This lesson is designed to span twelve – 50-minute class periods. Students will research prevailing winds in your region and create a map showing the average seasonal wind speeds and directions. Students will use Vernier Wind Turbine kits to experiment with blade angles and wind speed. During experimentation, students will collect data as blade angles change and wind speeds change. Students will analyze their data to determine the optimal position of a wind turbine at various wind speeds to generate the most energy and then use that information to propose locations for wind turbines. 

PART 2 - LESSON 3: SOLAR POWER
This lesson is designed to span seven to eight – 50-minute class periods. Students will work with local government staff to propose a way to create enough solar power energy to supply the annual energy needs for two local government buildings. Students will be provided with two on-site options (for example, one being to place solar panels on metal structures over parking spaces and the other being to place solar panels on fixed or rotating racks in an open field). Students will evaluate both options based on initial installation costs and projected return on investment. Additionally, students will create a scale drawing of both proposals to demonstrate the layout of the solar panels including access and solar panel alignment. 

PART 3 SUMMARY
Students will use census data and current energy use information provided from the local utility to project future energy needs, which will be based on population growth, future zoning changes, and average reduction of use (determined in the home energy audits in Part 1). Students will perform a solar audit of their homes and compile data to determine the percent of solar potential that can be generated on residential homes and then determine multiple ways to generate the remaining energy needs. Students will generate plans that include energy use reduction, locations for solar panels (for single family and multi-family residential, commercial, and municipal buildings), and small wind turbines. The plan will include the potential cost and the return on investment, as well as suggestions for execution of the plan. Students will present their proposals to a panel of local stakeholders and/or elected officials at the end of the project.
PART 3 - LESSON 1: PRESENT FINDING
This lesson is designed to span five 50 minute class periods. Students will utilize their home energy audits from Part 1, the information they gathered from the wind and solar assessments in Part 2, and the knowledge they gained from the wind and solar projects in Part 2 to devise a plan for your locality to meet or set meaningful renewable energy goals.

ASSESSMENT and Extensions
Formative assessmentS

PART 1. Throughout the first part of this unit, students are assessed daily through a variety of lesson worksheets, reading and lab assignments. There are opportunities to introduce specific vocabulary quizzes, brief written descriptions of daily learning and research, and individual descriptions of the benefits and drawbacks of using fossil fuels and renewable energy. Students also perform a home energy audit that can be monitored and used as a formative assessment.
PART 2. In the second portion of this unit the formative assessments are the lab write-ups for the optimal positions of wind turbines and solar panels. Formative assessments also include the questions developed for planners and the provided answers and the on-going monitoring of solar project. The slide show for the town/city can also be used as a formative assessment if used as an outline for the final proposal.
PART 3. In the third portion of this unit possibilities for formative assessments include quizzes on similar scenarios to verify that students are calculating energy potential correctly. Students could also be assessed on the progress and progression of their “If…then…” evaluations of each energy combination. 
Summative Assessment

PART 1. In the first portion of this unit there are three built-in summative assessments: the Socratic discussion, the home energy audit findings, and the Energy Test. 

PART 2. Student choice lab; solar project recommendation to the Town/City with final slideshow; Solar Estimation Test.
PART 3. The renewable energy proposal and presentation to the Town/City is the final assessment of this unit. 
Unit EXTENSIONS
Potential unit extensions include:
· Part 1: Exploration of energy storage in batteries.
· Part 1: Exploration of the electric grid, including its development and benefits of drawbacks of relying on public utilities. Additionally, this would include a discussion of future issues facing the power grid, specific to a teacher’s region.
· Part 1: Expand renewable resource research. Include other renewables in student’s research as locally relevant or interesting. Options could include renewable hydrogen, renewable natural gas, micro-hydro, geothermal, tidal energy and other sources.
· Part 1: Make it Public – students could develop an interactive website that could be used by other students to perform their own energy audits. Students could also work in teams to perform an energy audit of the school and / or local businesses. Students could also put together a public announcement / education campaign to educate others on how to reduce energy consumption in the home. 
· Part 2: Students could propose a solar project for their school or a commercial site.

· Part 2: Students include additional energy technologies in the analysis: battery storage, micro-hydropower, renewable hydrogen, pumped hydropower, or additional technologies, as considerations in the energy plan. 
· Part 3: If students have access to computer aided drafting programs or GIS mapping of their communities, students could build their proposals on the computer.
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