	ECONOMICS

	SOLAR POWER FOR YOUR SCHOOL

	Subject Area: Economics, Geometry, Physical Science     Grade Levels: 9-12                                                                               Date: August 3, 2009

	Lesson Overview

	In this interdisciplinary project, students will work in teams for a solar power company to create a proposal for installing photovoltaic panels at their school. Each company will be broken up into 5 teams: Design, Engineering, Government Incentives and Finance. These teams will then collaborate to create a final proposal to present to the school principal. For the project to be a success, the solar power company will own the solar array and will sell the power to the school at or less than the cost from the electric company. The solar company will have paid for the entire system through these electricity bills over a period of 25 years.

	Materials Included in this Lesson
	Other Materials for this Lesson

	· Design Team Worksheet

· Engineering Team Worksheet

· Finance Team Worksheet
	· Tape Measure

· Magnetic Compass (1 per team)

· Internet Enabled Computer

· Access to School Electric Bills

· Google Earth (free download)

· Walking Measuring Wheel (optional)

	Skills the Student will Learn
	Student Deliverables

	· Team building and collaborative skills

· Criteria for Solar Power Installation

· The structure and nature of the power grid

· Kilowatt and Kilowatt per hour

· Computing the finance structure to pay for capital improvement

· Creating a detailed and complex word processing document, including images, tables and charts.
	Students will present the principal of your school with a proposal for solar installation that will have analyzed engineering and finance variables to compute a realistic bid for installing a financed solar installation on your school.

	Length of Lesson:  5 Days

	Foundational Activities

	Introduce and reinforce the concepts of Kilowatt, Photovoltaic Panel, Insolation and Azimuth. http://www.need.org/Guides-Subject.php is an excellent source for background information regarding energy.

	Activity Day One

	Explain that the class is going to divide into 3 teams of 2 to 5 students. Each of these teams will be part of a fictional solar power company. The three groups are the design team, engineering team, and the finance team. Their goal is to come up with a proposal for installing a solar array on the school. They will give these proposals to the principal (or the classroom teacher) for consideration as an alternative to buying power from the electric power company.

Next, explain the goal of each of the teams within the company. Do this before the students are grouped into teams so that they will have an understanding of the responsibilities of the different teams. This will enable them to build a business that utilizes the strengths of the individual students:

Design Team

The goal of the design group is to propose a solar installation that maximizes energy creation, is least expensive to construct and is esthetically pleasing. There are 4 main responsibilities of the Design Team:

1. Assess possible site locations for the solar array.

2. Assess insolation values for the different locations

3. Address esthetic issues (locations that do not interfere with the design of the school building or grounds)

Coordinate with the Engineering Team as well as the Finance Team.

Engineering Team

The goal of the engineering team is to calculate the energy generating capacity of the design, create detailed construction plans and estimate the total construction cost for the Photovoltaic System.

There are 4 main responsibilities of the Engineering Team:

1. Estimate the energy generating capacity of the proposed solar array. (in Kilowatt hours and Kilowatt hours per year.) Use the website http://rredc.nrel.gov/solar/calculators/PVWATTS/version1/.

2. Estimate the construction and equipment costs.

3. Talk with the school facility manager to anticipate the roof loads or other design limitations.

4. Create an engineering plan that will be coordinated with the design team.

Finance Team

The goal of this team is to calculate all of the tax credits and rebates that are available for solar. These incentives will be passed on to the finance team, which will use this data to help compute the KwH electricity rates that your company will sell to the school. The finance team will also have to evaluate the energy bills for the school from the past year to get a monthly and annual energy cost budget.

There are 4 main responsibilities of the Finance Team:

1. To gather the energy bills for the school from the previous year. To analyse the amount that school has spent over the past year.

2. To assess the cost for installing a solar installation on the school grounds.

3. The calculate the cost savings for having solar power at the school 

Explain to the students that they will comprise a company that is competing to demonstrate that solar power is a way for the school to save money (as well as help save the planet.)

If there is time… allow the students to engage in a discussion about the name of their company. This will enable them to create buy-in and be committed to the outcomes of the assignment.

Enrichment Activities:

Teams can also design a company logo. Students can also go online to learn more about the different rebates and government incentives for installing solar.  Students can use http://www.dsireusa.org/ or http://www.builditsolar.com/References/energyincentivesrs.htm. You can allow them to find appropriate government incentives and apply them to the financing of their proposed project, thereby making it more attractive to the school.

Alternatively, students can also contact a solar installation company and have them consult on the work that the students are doing. This is a great activity to do because market conditions and the economic climate change over time and in different locations. A real solar power installation company can give accurate data on the costs, rebates and the financing of such a project.

	Activity Day Two

	At the start of class, remind students that the goal is to propose an inexpensive solar power installation for your school. The team that comes up with the most accurate and inexpensive proposal will win the bid. (You can offer a prize if you like for the winning company, if you have more than one company)

Break the group into the individual teams (Design, Engineering and Finance). Pass out the TEAM WORKSHEETS to the appropriate teams. (Attached) Have each team divide into different team jobs: Recorder, Presenter, Researcher, and Team Liason. Below are the responsibilities of each person: 

Have the teams read their worksheets. They can read silently, popcorn style, or you can read to them. Have the students make a to-do list and give our responsibilities for who will do what.

	Activity Day Three

	Work Day. Have students work in their individual teams. 

NOTE: Some team-work may be stalled until another team completes their work. (For example, the engineering team may have to wait for the design team to complete their plans so that they can have a total square footage of each solar array.)

	Activity Day Four

	Presentation Day:

Have one member of each team discuss their progress that their team has made. This will allow the entire company to get a sense of their progress.

You may have some additional time for student work. 

NOTE: The Finance Team will definitely need the utility bills from the principal or the district for the school. Bear in mind that sometimes this may take your administration time to produce.

	Activity Day Five

	Final Presentation to the Principal

If (a big if), you can show that this photovoltaic system can be installed and financed for less than the savings in the electric bill. Then schedule a meeting with your principal for your students to make their pitch.

	Activity Day Six

	Write Activity Here

	Activity Day Eight

	Write Activity Here

	Activity Day Nine

	Write Activity Here

	Activity Day Ten

	Write Activity Here

	Enrichment Suggestions

	Students can develop a company name, as well as a logo. Also, certain students can form a team to develop a report on how photovoltaic panels work.

	Student Resources

	http://rredc.nrel.gov/solar/calculators/PVWATTS/version1/.

http://www.dsireusa.org/ http://www.builditsolar.com/References/energyincentivesrs.htm.

STUDENT WORKSHEETS ARE ATTACHED

	State Standards Met

	CA History-Social Science Content Standards


Principal of Econoimcs



12.1.3

12.2.3

12.2.5

12.2.8

Geometry 10.0 – Students compute areas of rectangles, triangles, parallelograms, and trapezoids.

Geometry 11.0 – Students determine how changes in dimensions affect perimeter, area, and volume.

Geometry (general) – Students use ruler and compass

	Lesson Plan Relevance To Externship

	Solar Power Inc. works directly in financing and installing small and medium sized photovoltaic systems throughout the Sacramento region. They spend a good deal of their energy devoted to finding ways to finance and lower the costs for installing solar private homeowners, businesses and government entities.


	Rubric for the Finance Team of the Solar Project

	Student Deliverables
	1

Exceeds 

Expectations
	2

Meets 

Expectations
	3

Approaches Expectations
	4

Fails to meet Expectations

	Team collaboration
	Student was a leader in the team and did a majority of the work. 
	Student was an active follower and did his/her share of the work 
	Student inconsistently worked productively with the team.
	Student was not a productive member of the team.

	Data Gathering
	Students gathered data from the engineering team on the size of the photovoltaic sytem
	Students were fairly consistent about collaborating with the engineering team
	Students only got the information they needed from the engineering team when prompted
	Students did not collaborate with the engineering team.

	History of schools electric consumption
	Students were able to translate the complex KwH and dollar information from the schools past electric bills into clear tables and diagrams. Students were able to explain this information clearly to their peers.
	Students translated KwH and dollar information into a clear table

OR


Students gave a clear explanation of this data to their peers.
	Students could not demonstrate clear understanding of the data from the school’s electric bills.
	Students did not have an understanding of the school’s electric bills.

	Powerpoint Slides
	Contain a clear explanation of system costs, and the loan financing
	Contains some of the data that this team has produced
	Information is present, though a clear message is not present
	No slideshow.

	
	
	
	
	


Rubric for the Design Team of the Solar Project

	Student Deliverables
	1

Exceeds 

Expectations
	2

Meets 

Expectations
	3

Approaches Expectations
	4

Fails to meet Expectations

	Team collaboration
	Student was a leader in the team and did a majority of the work. 
	Student was an active follower and did his/her share of the work 
	Student inconsistently worked productively with the team.
	Student was not a productive member of the team.

	Site Plan
	Students created a clear drawing of where the photovoltaic installation would be placed and determined the size of the array(s). Students used google earth to display their array(s) on the school site.
	Students made sketches describing the location of the solar array(s). Students determined the square foot size of the array(s)
	Students were eventually able to come up with the square footage and approximate location for the solar array(s)
	Students were not able to determine a suitable location on the school site for solar after little examination.

	Powerpoint
	Students created a clear and interesting presentation using powerpoint and google earth that clearly shows the arrangement of their proposed photovoltaic installation(s)
	Students used powerpoint and diagrams to show the location of their proposed solar installation
	Students made powerpoint slides that attempted to show the location of their proposed installation
	Students did not create clear powerpoint slides.

	Collaboration
	Team assisted the engineering team to come up with a clear layout and accurate details on the size and electric power capacity (KwH) of the solar array.
	Students passed along to the engineering team the location and size of the solar array.
	The team was able to give the Engineering team the location and size of the solar array(s) after prodding from the engineering team.
	Team was not able to give accurate information to the Engineering team.


Rubric for the Engineering Team of the Solar Project

	Student Deliverables
	1

Exceeds 

Expectations
	2

Meets 

Expectations
	3

Approaches Expectations
	4

Fails to meet Expectations

	Team collaboration
	Student was a leader in the team and did a majority of the work. 
	Student was an active follower and did his/her share of the work 
	Student inconsistently worked productively with the team.
	Student was not a productive member of the team.

	Data processing
	The engineering team did an outstanding job gathering highly accurate information on the costs of installing the solar installation.
	The engineering team, with much support, was able to come up with accurate information on the cost of installing the photovoltaic system.
	The engineering team provided some of the costing information for this installation
	The engineering team was not able to provide accurate information on the cost of this system.

	Collaboration
	Engineering team was proactive and eager to give accurate cost information to the finance team. Information included the array costs as well as the wiring and installation costs.
	The team gave accurate information on the cost of the solar array(s) to the finance team.
	The team, after prodding, gave the finance team the information that they needed.
	The Engineering team was not able to pass along accurate cost information to the finance team.


