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DESCRIPTION 
Students will work with local government staff or another local energy professional to propose a way to create enough solar power energy to supply the annual energy needs for a real building. Students will be provided with on-site options, and will evaluate options based on initial installation costs and projected return on investment. Additionally, students will create a to-scale drawing of both proposals to demonstrate the layout of the solar panels and other key considerations (such as access). 
GRADE LEVEL(S)
6-12
SUBJECT AREA(S)
Engineering design; group work/ collaboration; hands-on materials; multiple learning styles; project-based learning; research-primary; SEP: Investigation, Data Analysis, Math and Computational Thinking, Obtaining, Evaluating and Communicating Information; PS3.B: Energy Conservation and Transfer; Electrical Energy; Electricity Generation; Energy Efficiency; Solar Photovoltaic; 21st Century Skills Development; Place-based Learning; ESS3.D: Human Impact; Social Sciences: Economics; Math: Measurement
ACTIVITY LENGTH
This lesson is designed to span seven to eight 50-minute class periods.
LEARNING GOAL(S)
1. Students will conduct an experiment to determine how electrical output changes as solar panels as the azimuth and tilts are incrementally changed. 

2. Students will conduct an experiment to determine how electrical output changes as solar panels are shaded. 
3. Students will work with the staff from your city or town to calculate the amount of potential electrical energy that can be collected from solar panels based upon the location and size of the system.
4. Students will use existing solar data to determine the number of solar panels required to power the building in question. 

Content BackGround
STUDENT BACKGROUND
· Students should be familiar with the scientific process and carrying out controlled experiments. 
· Students should be familiar with creating scaled drawings. 
· Students should be familiar with project-based learning.
· Students should be accustomed to transitioning between independent and group work.

· Students will need to have a good grasp of working with percentages and ratios.

EDUCATOR BACKGROUND
Additional educational resources: Sunrun Solar Education    https://www.sunrun.com/go-solar-center
This is a project-based lesson. A working understanding of PBL will be extremely helpful. If working with the local municipality isn’t an option an alternative suggestion would be to create a solar plan for the school. (Working towards becoming a “Green School” would add authenticity to this process. See Washington Green Schools, https://www.wagreenschools.org/, or Oregon Green Schools http://oregongreenschools.org/ for more information.) Regardless of the site chosen, educators will need to have access to a scale map of the site and a way to engage with the necessary staff to provide access and technical specs of the site, including energy usage history.  Consult “Project Planning questions for Solar Developer.docx” for some considerations as you engage with partners. 
It is highly recommended to contact a local solar installation company to set up a time for students to discuss the project. This lesson was developed in southern Oregon, and a local solar developer has been willing to work with schools on solar education. They developed a half day, hands-on workshop where students installed solar panels and learned more about career opportunities in the solar industry. If the time and resources are available, I would highly recommend creating a hands-on workshop as part of this lesson.

Educators should learn how to use a multimeter for days 4 and on to measure voltage output from the turbines. A guide on using multimeters is available here.
PV Watts website: This website is essential to the lesson and provides users with the ability to analyze a site and do basic planning of a solar PV system. Educators should become familiar with this site.

1. Get started – enter address  and click ‘Go”. [image: image1.png]PVWatts® Calculator
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2. On the next page you will find the latitude and longitude of your site. Hit the orange arrow to proceed to the next page. [image: image2.png]RESOURCEDATA  SYSTEM INFO RESULTS

SOLAR RESOURCE DATA

The latitude and longitude of the solar resource data site is shown below, along with the distance between your
location and the center of the site grid cell. Use this data unless you have a reason to change it.
Go to
system info
Solar resource

) Lat, Lon: 45.53, -122.66 1.5 mi
data site




3. To see the amount of energy the drawn area will generate based on tilt and azimuth, click the orange arrow. This information will be used to determine the energy generated based on a certain DC system size (which will be used to generate an estimate of the installation cost) and the estimated annual cost savings for energy. This will be used to determine the return on investment.  [image: image3.png]RESOURCEDATA  SYSTEM INFO RESULTS

SYSTEM INFO [ RESTORE DEFAULTS )

Modify the inputs below to run the simulation.

DC System Size (kW): 4 o Draw Your System Goto
PYWatts®

Click below to results

Module Type: Standard 0 customize your system
on a map. (optional)

Array Type: Fixed (open rack) 6
< =S
Loss = \
System Losses (%): 14.08 0 Calator " N
3 CA»
Tilt (deg): 20 0 G N
Azimuth (deg): 180 o

Advanced Parameters

RETAIL ELECTRICITY RATE

To automatically download an average annual retail electricity rate for your location, choose a rate type (residential
or commercial). You can change the rate to use a different value by typing a different number.

Rate Type: Residential ﬁ

Rate ($/kWh): 0.107 o



 
Materials Needed
Day 1 – solar power project kick-off
handouts/Paper materials
· To-scale map of the site being considered with scale, compass rose, and site address. If not available through staff at the site, educators can use Google Maps to rough out an approximate map of the site.  (See P2_L3_Site map) for example

      Activity Supplies (per group of 3-4 students)

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

· (if desired) Measuring tape

Day 2– Preliminary information assessment
handouts/Paper materials
· The following handouts are samples of the types of handouts that can be included to provide students with the context they need to do the project. They are all located in Sample Project Context Documents.zip

· P2_L3_Site map (same as day 1)
· P2_L3_City Hall and Depot Energy Use

· P2_L3_Community Center Info

· P2_L3_Carbon Footprint

· 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/)
· City Energy Totals

· 2017-2018 Talent Clean Energy Action Plan

· P2_L3_D1_Scaled Drawings Keys

· Graph paper (1/4”)

Activity Supplies (per each student)

· Straight edge
Day 3  – Preliminary cost estimate
handouts/Paper materials
· Materials from days 1-2
Activity Supplies (per each student)

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

· Access to google sheets or Excel spreadsheet (optional)

Day 4-5  – why is it ideal to face solar panels face to the south? Lab
handouts/Paper materials
· P2_L3_Solar Lab 1_Azimuth_Tilt Lab Sheet
· P2_L3_Solar Lab 1_Data Collection_ Az Tilt
· P2_L3_Solar Lab 1_Azimuth_Tilt Lab KEY

· P2_L3_Solar Lab 1_Azimuth_Tilt Graph Example 1

· P2_L3_Solar Lab 1_Azimuth_Tilt Graph Example 2

Activity Supplies (per group of 3-4 students)

· Heat lamp

· 1 volt solar panel

· Protractor

· Multimeter




· 30 /60 triangle




· Tape

· 12” Ruler 




· 45 triangle




· Colored pencils (for graphing)

· Graph paper
Day 6 – sun versus shade - lab
handouts/Paper materials
· “P2_L3_ Solar Lab 2_Shade” Lab sheet (1 for each student)

· P2_L3_Shade Lab KEY
Activity Supplies (per group of 3-4 students)
· See lab “P2_L3_Solar Lab 2_Shade” for detailed list
Day 7– project proposals
handouts/Paper materials
· Pt 2 _L3_Proposal to City  (can also be dispersed digitally) 
· P2_L3_D7_Proposals to City_Example 1

· P2_L3_D7_Proposals to City_Example 2

Day 8– optional

handouts/Paper materials
· Solar Estimation Test

· Solar Estimation Test KEY

Day 9– optional summarized presentation (If presenting to City COuncil)
Activity Supplies (per group of 2-3 students)
· Device with access to the internet for Google Slides or access to PowerPoint

Lesson Progression
Planning and Prep

Day 1: Solar Project Kick-off Prior to the lesson, teacher should coordinate with local municipality, with the school, or other entity of their choice to locate a project site. With the project owner, criteria for the project should be established and mapping for the site generated. It is advisable to walk yourself through the project prior to students starting the project. This includes creating a solar gains estimate using the PV Watts website. Teacher should generate a list of leading questions to ensure that students obtain the information necessary to launch the project. Consult “Project Planning questions for Solar Developer.docx” for some considerations as you engage with partners.
Day 2: Preliminary Information Assessment  Compile cut sheets for structural elements needed for the project, solar panels that are used locally, project energy data, energy cost information, etc. This is dependent upon the scope of the project site. Sample documents referencing the project we did to create this unit are included to guide educators. Students will be creating scaled drawings of a typical situation on the site. The purpose of today is to familiarize students with the interface between the solar panels and the structure upon which they will be installed. By the end of the first day students should have an understanding that there will be more efficient layouts with one type of solar panel over another in depending upon structural limitations. This information should be included in the benefits and drawbacks analysis of the final proposal.

Day 3: Preliminary Cost Estimate  Students will use PV Watts to determine system size, kWh output, and annual value. Each area of the site will be different and it’s important that students note how simple changes to tilt and azimuth can greatly change kWh output and annual value. Students will need to know the tilt of the solar panels, the azimuth, and local energy rates. Optional: Access to Excel or Google Sheets would allow students to create a spreadsheet with all of the information. However, I suggest that students create a table and determine the mathematical links between the information before jumping into a spreadsheet. This will allow students to develop the equations necessary to accurately program the spreadsheet. 
Day 4-5: Why do solar panels face south? Lab  Day 1- In this lab students will be comparing the information found in PV Watts the data gained in a hands-on experiment. Teacher will need to gather group materials, set up heat lamps, set up lab stations and print lab sheets. 
Students will complete the written portion of the lab.
Day 6: How does shade reduce energy production? In this lab students will be experimenting with shade cover to determine the energy loss the occurs when solar panels are not fully exposed to sunlight. Teacher needs to set up lab stations and print copies of lab sheets (P2_L3_ Solar Lab 2_Shade Lab sheet)
Day 7: Final Proposal to City Students prepare proposal for city and may need to revise their cost estimate. Provide access to technology to modify spreadsheets and to type up proposals. Provide a copy of P2_L3_Proposal to City for each student. Optional: Post assignment in google classroom for students to access. 

Day 8: Optional Test: Solar Estimation Test This is a summative test that covers the material students worked with during the cost estimate. Make 1 copy each of “Solar Estimation Test”

Day 9: Optional Summarized Presentation Students summarize their findings into a concise, 2-3 slide presentation that can be verbally presented to a panel of experts. Teacher should be familiar with each student’s proposal and establish groups of 2-3 students based on students’ opinions of potential options and their list of benefits and drawbacks. Each possible option should be represented by at least one small group. Teacher to determine equitable way to select student groups that will present. 
Lesson sequence 
Day 1: solar power project kick-off ANd Initial SITE ASSESSMENT
5. (5 min) Provide map of site to students. Orient students to location, cardinal direction of site and proximity to their location at school and from familiar landmarks.
6. (5 - 10 min) If possible, walk students to site. If not, use google earth to walk students through site.

7. (20 min) Provide students with project goals and objectives. If possible, have local government or other staff present this information to students
8. (5-10 min) Students access site to record azimuth and shade. Record notes on site map. This could be extended to a separate day for site visit and more detailed examination of the site, including multiple readings of azimuth and more accurate representation of shade (using measuring sticks, phones, or pacing techniques to assess distance).
5.
(5-10 min) Return to school. 

Day 2: preliminary information assessment
This is an opportunity for students to review basic information about the building, solar panels, and the technical details of how panels can be attached to the structure/s in question.  Educators should provide as much specific materials (including site plans, cut sheets for panels, sample elevations and plans, building information, and any additional resources available from local solar developer, utilities, and the site operator). 

The goal of this lesson is for students to draw both an elevation and a plan view of the site they have chosen, first without and then with chosen solar panels. If desired, these plans/elevations can be revisited following the tilt/azimuth labs and included as part of the final proposal.

Lesson should be extended as needed to give students the chance to gain the background knowledge they need to understand the site and the basic practical considerations in choosing and installing a solar panel.

Day 3: preliminary cost estimate 
1. 
(5 min) Introduce students to PV Watts estimator to students (https://pvwatts.nrel.gov/) (Have address of site – the program will take you directly to your site so you don’t have to scroll around looking for it in a general area)

2.
(15 min) With students, determine the information they can and cannot obtain from PV Watts. (Information that can be obtained includes kWh output, annual value based on energy cost, and kW system size. Details that can be specified include tilt, azimuth, energy cost, and system mounting. Details that cannot be specified include dimensions and exact areas. Additional information that is important included carport installation costs, carport type and solar installation costs, and available rebates.) Create a master list as students provide this information to you. With students, brainstorm ways to organize the information in a table. Suggest to students that subtotals would be helpful when presenting the cost data to the city. Ask, if they were to add subtotals, where would they be and how would they be found. This will serve as the structure for the cost estimate (and potential spreadsheet).
2.  
(30 min) Students access PV Watts website. Students draw areas around spaces for solar panels. Students will need to enter the tilt and the azimuth. Students record energy generation estimates on their site maps along with the DC system size. Students should also record the area drawn on PVWatts on their site map.  In PV Watts areas for the new structures (if necessary, such as a carport) can be drawn. However, neither dimensions nor areas can be specified. Students can calculate the percent of roof space covered by solar panels and adjust the system size, output, and annual value accordingly. (See P2_L3_City of Talent Cost Estimate for an example.)
Day 4: why do solar panels face south? Lab -  Day 1
1.  (10 min) Read background with students. Students write a hypothesis for each variable. Random call on students to share out hypothesis.

2.   (10 min) Walk students through lab procedures. Show them how to make a compass rose, where to position it with the heat lamp, and how to use the triangles to ensure the appropriate the tilt.
3.   (28 min) Students conduct experiment to collect data. Record data in table 1.
     4.   (2 min) Collect a lab sheet from one member of each group. Check data to ensure that it makes sense prior to moving onto graphing, Tables 2-3, and conclusion.  
Day 5: why do solar panels face south? Lab – Day 2
1.  (10 min) Model and assist students with setting up a graph for table one. Guide students to set up graph at scale which allows for interpretation of data.
2.
(10 min) Review percent change with students. Provide example of percent increase and decrease. Make a public record of the process that students can reference during independent work time. 

2.   (3 min) Pass lab sheets back to students. If students have made mistakes recording their data hand out P2_L3_Data Collection: Az Tilt. It’s important that students proceed with reasonable data. 
3. 
(2 min) Students share warm-up answers with partner. 

4. (25 min) Students work with table partners to complete tables 2,3,5, and 6. As students progress, assist with graphing.
5.   Students can complete conclusion questions as homework.

Day 6: Sun versus shade lab
1.
(5 min) Introduce purpose of lab, which is to determine the voltage reduction when solar panels are in various types and quantities of shade. Have students write a hypothesis.
2.  (5 min) Walk students through procedures (see lab sheet).
3.  (15 min) Students work in small groups to collect data and complete table 1 on lab sheet. 

4.  (25 min) Students work independently to complete lab sheet.

Day 7: Final proposal to city
1.
(5 min) Walk students through assignment expectations. 
2.  (45 min) Students work independently to summarize their findings and to make a recommendation to the property owner about the location of the solar panels. 
3.   Homework: It is likely that students will require additional time. The rest of the assignment can be given as homework or additional class time can be provided. 
Day 8: OPtional – Test 
1.
(5 min) Walk students through assignment expectations. 

2.  (45 min) Students work independently to summarize their findings and to make a recommendation to the city about the location of the solar panels. 

Day 9: (OPTIONAL) Final proposal presentation
1.
(5 min) Review expectations of the summarized presentation, which include the cost of installing the project, the return on investment, and the benefits and drawbacks of 
2.  (30 min) Students work in small groups to extract and compile information from their individual summaries and create a slide show presentation (if working in google slides and in groups of three, each student should be responsible for one slide).Teacher monitors student progress.

3.
(15 min) From each group of students presenting various options, select one group (from each) to present their slide show (each group will have a 5-minute time cap).
ASSESSMENT and Extensions
Formative assessment
Each lab can be used as a formative assessment; The initial cost estimate;  Lab data checks; Random call for hypothesis format check.
Summative Assessment

Final proposal to the City; Solar Estimation Test.
LESSON EXTENSIONS
Work with a local solar installer to develop a hands-on workshop for students. The workshop could include opportunities for students to install and wire solar panels. This could also be an opportunity for students to learn more about jobs and careers in the solar industry. 
Invite a solar professional to visit your school. The professional could help your students conduct a solar assessment of your school or the project site. Additionally, a solar professional could provide your students with background information about the solar industry, technical information about how solar panels work, how state rebates impact renewable energy development, etc. 

Solar panels become less efficient as temperatures rise. Students could experiment with temperature changes and electrical output. The CE data center is a great place to get live solar data to cross-reference with temperature. (https://www.cebrightfutures.org/explore-data). Any local projects in your region should also have data monitoring attached to them.
Solar cookers are a way to reduce energy consumption and address a social issue. Students can design and test solar cookers. Students could also submit their designs into an international or local design challenge, such as these previously done competitions.

https://ijmter.com/published_special_issues/07-02-2015/a-review-of-solar-cookers.pdf
http://www.fsec.ucf.edu/en/education/k-12/energywhiz_olympics/solar_cookoff/rules.htm
http://www.re-energy.ca/solar-oven-challenge
Solar Cooking: National Geographic

https://www.youtube.com/watch?v=Ofn7jqPDTeY 
This lesson aligns with Common Core mathematical practices, reason abstractedly and quantitatively and mathematical modeling (MP 2 and 4). If possible, this lesson could be a collaborative effort between math, science, and language arts instructors. The assignment could be modified to include developing equations, graphing of the breakeven point and additional focus could be spent on reinforcing the proportional relationship in percent. 
Module type: leave as “Standard” 


Array type: select appropriate mounting for the project





System Losses: This will fill automatically. 





Tilt: Can be adjusted based on mounting type. 32 degree is ideal for southern OR





Azimuth: Input based on direction solar panels will be facing





Rate Type: Commercial 


Rate: If known, manually enter. Otherwise the program will generate an estimate based on average costs. 





Click on draw your system. Follow the directions.





DC System size (and system losses) will change based on area drawn.










