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LESSON PLAN
LESSON PLAN

A Community Powered By Renewable Energy
Part 3 – Lesson 1: A Plan for Renewable Energy Goals
AUTHOR
Heather Armstrong
CONTACT

Teacher Contact: heather.armstrong@phoenix.k12.or.us 
CE Editor Contact: CEbrightfutures@b-e-f.org, 503-553-3950

DESCRIPTION 
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 solar project in Part 2 to devise a plan for your city or town to meet renewable energy goals set either by the town/city or by the students.
GRADE LEVEL(S)
6-12
SUBJECT AREA(S)
Engineering design; group work/ collaboration; multiple learning styles; project-based learning; research-secondary; 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, Analysis, Civics; Math: Addition, Subtraction, Multiplication, Division

ACTIVITY LENGTH
This lesson is designed to span five 50-minute class periods.

LEARNING GOAL(S)
1. Students will utilize previously acquired information about energy needs to create a renewable energy proposal for their city or town. 

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

3. Students will assess where commercial and local government solar projects can occur within the city or town 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 prepare a brief PowerPoint presentation that summarizes their comprehensive plans that will be presented to a panel of elected officials or local experts/stakeholders.
Content BackGround
STUDENT BACKGROUND
· Students should be familiar with determining credible internet resources of information (regarding demographic and energy consumption data).

· Students should be familiar with the amount of energy they currently use within their households (gathered in Part 1, Home Energy Audit)
· Students should be familiar with wind energy potential in their community (studied in Part 2, Lesson 2.)

· Students should be fluent using PV Watts to determine the solar potential of various azimuths and tilts (Part 2, Lesson 3).
· Students should be familiar with and able to use Google slides or PowerPoint independently.

EDUCATOR BACKGROUND
· Review Final Project Outline to determine the sequence and calculations that will be part of the project.

· Additional educational resources: Sunrun Solar Education    https://www.sunrun.com/go-solar-center
Solar Data and System Calculations
· 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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NREL's PYWatts® Calculator

Estimates the energy production and cost of energy of grid-connected

photovoltaic (PV) energy systems throughout the world. It allows homeowners,
small building owners, installers and manufacturers to easily develop estimates
of the performance of potential PV installations.
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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
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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



 
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. 
Wind Data 
To gather wind data for a specific area, go to this website: <https://mrcc.illinois.edu/CLIMATE/>.  Create an account (it’s free). After your account has been activated, change the station at the top of the page to be (Name of your area). When you click "Select Daily Station", type "(Your area’s station name)" in the station ID box, then click next.  
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13 July, 2018 - SUB-DAILY THRESHOLD TOOL: Curious about how often dew
point temperatures over 75°F occur or how often the wind chill is below 0°F at
your favorite station? MRCC's new Sub-Daily Threshold Tool can be used to
answer these types of questions. The tool allows users to search for occurrences
of up to two thresholds during a selected time period. The time period can be
restricted by both time of year and time of day. Output is displayed as either a
chronological list of the hours or days meeting the threshold, monthly counts by
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Once you've got the station selected, hover over "Charts and Graphs" on the left, then click on "Wind Rose".
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It will take you to this page:
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When selecting the date, use the "Period of Record" option. This will cover the entire period for which data is available. You can also select dates to see how the data changes with different parameters.  If you want to look at the whole year, then leave the "Sub-Interval Windows" alone. You might want to look at different times of years to get a better grasp of annual wind patterns. You could also look at the whole year and only look at day time hours. Change the settings from MPH to m/s.  If you want less compass points on the wind rose, then change that to 16 points vs 36. Once all of that is selected, click on "Get Wind Rose". Depending on the chunk of time you requested, it may take a few minutes to return the data. 
Below is an example Wind Rose. This will give you data that represents the percentage of the requested time interval that the wind was a particular speed and direction.  
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Additional Wind Energy Resources:
· https://www.windpowerengineering.com/construction/calculate-wind-power-output/
· https://www.raeng.org.uk/publications/other/23-wind-turbine
· http://www.ijsrp.org/research_paper_feb2012/ijsrp-feb-2012-06.pdf
· https://windexchange.energy.gov/maps-data/216
· https://wind.pnnl.gov/pdf/Benchmarking_US_Small_Wind_Costs_092817_PNNL.pdf
· https://www.wind-watch.org/faq-output.php
· https://www.windpowerengineering.com/construction/size-wind-turbine-need/
· Small Wind Turbine article
· Additional resources for this unit are available here.
Materials Needed
Day 1 –energy need projections
handouts/Paper materials
· Pt 3_L1_D1_Wind Power Calcs Summary (one copy per student)
· Pt 3_L1_D1_Wind Power Calcs Summary KEY
      Activity Supplies (per group of 3-4 students)

· Device with access to internet and PV Watts website (pvwatts.nrel.gov/pvwatts.php)
Day 2 – home solar analysis

handouts/Paper materials

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

      Activity Supplies (per group of 3-4 students)

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

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

Day 3 – quantifying wind energy potential
handouts/Paper materials
· Pt 3_L1_D3_Calculating Wind Power (one copy per student)

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

Activity Supplies (per each student)

· Calculators (one per student)
Day 4 – supplEmenting with wind and solar energy

handouts/Paper materials
· P3_L1_D4_Wind Solar Energy Analysis
· P3_L1_D4_Energy Analysis Student Example

Activity Supplies (per each student)

· Calculator
· Device with access to the internet

Day 5  – city council meeting prepartation

handouts/Paper materials
· Materials from days 1-2

· Slideshow template (shared with each group)

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)

Lesson Progression
Planning and Prep

Day 1: Energy Projections If the students are presenting to City/Town Council or other planning entity, teacher should coordinate with local municipality and/or City Council to clarify presentations requirements and expectations. Teachers should ensure that students are on the City Council meeting agenda and be prepared to share the time and date, along with expectations, with students.  If not presenting to council, schedule a date for the presentation to a panel of experts/stakeholders.

Print out copies P3_L1_D1_Wind Power Calcs handout.  
To complete the projections handout, educators should determine the best sources of local historical demographic and energy consumption data. The census and EERE are excellent sources of much of this data. Educators may need to coordinate with the local electric utility if they cannot find the data.
*Have students perform a solar access assessment of their homes in preparation for day 2. (see Day 2 below)
Day 2: Home Solar Analysis Provide copies of students’ home energy audits (or device with access to digital version of home energy audits). Devices with access to the internet ready for each student to perform a home solar assessment. Print copies of the P3_L1_D1_2_Home Solar Analysis handout

Day 3: Quantifying Wind Energy Potential Use the website, https://mrcc.illinois.edu/CLIMATE/  to determine wind speeds in your area. Create data table for students to use in their calculations ( see Medford_HD_windRose for example). 
Place the data table in P3_L1_D3_Calculating Wind Power under Table 1 and include details on time period the data was taken from.
Print copies of P3_L1_D3_Calculating Wind Power and P3_L1_D3_Wind Power Potential (one copy of each per student).

Day 4: Supplementing With Wind and Solar Energy Compile class solar data for student use (see P3_L1_D3_Home Solar Analysis_Student Data). Print copies of P3_L1_D4_Wind Solar Energy Analysis.
Day 5: Presentation Preparation Students summarize their findings into a concise, 2-3 slide presentation that can be verbally presented to elected officials or stakeholders. Teacher should establish groups of 2-3 students based on students’ opinions of potential options and their list of benefits and drawbacks. Various options should be represented. Teacher to determine equitable way to select student group that will present. 

.
Lesson sequence 
Day 1: Final proposal to city - presentation
1. (15-30 min) Introduce final project to students. If possible, have City Planner / project contact person present expectations to students. If not, outline a typical city council meeting for the students. Students will be given a total of 15 minutes to present their proposals. Hand out energy projection assignment. 
You can also show 2030 Plan_Student Example to students to orient them to the project.

If necessary, review research procedures and expectations, focusing on use of credible sources and documentation of sources. Provide students with some credible sources of data if desired.
2.
(20-35 min) Through internet research using credible sources (see resources in Planning & Pre above), students work independently (or with a partner) to complete energy projection worksheet. Monitor student progress. 

3.  Students can complete the projection worksheet at home. Educators should collect the worksheets to assess for accuracy before returning to the students.  
Homework: Students complete the project worksheet at home. Additionally, students conduct a solar assessment of their home. This involves reviewing potential places for solar to be installed and examining limitations on siting and sizing of the unit. Students may also record azimuth of the sun.

Day 2: home solar analysis
7. (3 min) With students, review how to use PVWatts webpage. Students can type in their home addresses. The map is oriented north/south so if they didn’t collect tilt and azimuth data at home, they can determine the azimuth using a protractor. Highlight where to change the cost of energy (use energy rates for your project area).
8. (45 min) Using results from the home energy survey (in Part 2) and their home solar analysis, students work independently to complete the home solar analysis worksheet. 

9. (2 min) As students complete work, have them record their data on a class document or turn work into teacher, who can then generate a class set of data.  

Day 3: quantifying wind energy potential
1. 
(10 min) Hand out P3_L1_D3_Calculating Wind Power sheet. Review the equation with students. Have students use the graph to determine air density. As a class, reach consensus on a number for air density. Review how to find the area of a circle. Work through an example with the class.
2. 
(5 min) Provide students with a different blade radius. Have them use that to practice using the equation. Check for understanding and answer questions. Then hand out P3_L1_D3_Wind Power Potential.

3. 
(5 min) Students work to simplify the equation by computing known quantities. (Basically, they will be determining a constant based on air density, wind speed, and efficiency that can be used to quickly calculate power outputs for various sized small wind turbines.)

4.  (20 min) Students work with a partner to determine the power output of wind turbines ranging in size from 0.5 m to 8.0 meters. 

5.  (10 min) Students utilize the equation to find a new constant for wind speeds of 5, 6, 7, and 8 m/s. These equations can be used in a spread sheet to quickly generate power outputs for various speeds.  (Note: If students did not complete the home energy audit in Part 1, the instructor will need to take additional time to teach students how to utilize formulas in Google sheets.) Provide an example google sheets to direct student’s equation development. Review all equations with student prior to moving forward with sheets. Provide an example google sheets to direct students.
Day 4: supplimenting with wind and solar energy 
1. 
(5 min) Students use google sheets to generate the power output for various wind turbines. (Use equations developed yesterday.)
2. 
(5 min) Students use home solar assessment data compiled by class to calculate energy deficit. Students will use the deficit quantity as a target number for generating wind and solar power on city-operated farms, on commercial properties, an on agricultural lands. Jigsaw - break students into groups of three and assign each student a question (2, 3, or 4). 

3. 
(25 min) Have all students working on different questions work together to answer their assigned question. Students work in groups of three to generate various energy options. Student s PVWatts to determine locations for wind turbines and solar arrays to generate energy for commercial power uses and government buildings (target can be defined by local government or students of total energy needed as determined in day 1 – projections). Student 2 determines the quantity of solar energy that would be needed to make up the deficit. Student 2 also estimates the installation cost and the return on investment. Student 3 compiles wind data to determine the size and number of wind turbines that would be required to offset the deficit. Student 3 also estimates the installation cost and the return on investment.  

4.   (15 min) Students get back together with their original group to share information and create a plan that includes location and quantities for wind and solar farms that will generate the energy deficit determine in step 2. 
5.  Provide students with additional work time as needed.

Day 5: Final proposal to city - presentation
1.
(5 min) Review expectations of the summarized presentation, which include the cost of installing the project, the return on investment, and the break downs of solar and wind energy. Provide City Council_2030 Plan Template to students and you can also show 2030 Plan_Student Example to students to orient them to the presentation.
2.   (15 min) Students discuss the benefits and drawbacks of using wind and solar (considerations might include space, installation cost, and return on investment). Based on the benefits and drawbacks, students determine a ratio of wind to solar energy and finalize proposal numbers. 

3.
(20 min) Students work in their groups of three to compile information from their individual portions of the previous day’s work. Students work together to create a slide show presentation (if working in google slides, each student should be responsible for one slide). Teacher monitors student progress.

4.
(10 min) Select two-three groups to present their slide show (each group will have a 3-4 minute time cap).

ASSESSMENT and Extensions
Formative assessment
Day 1 – Energy projections
Day 2 – Home solar assessment
Day 3 – check in with practice problem, wind energy sheet, equations check, on-going progress monitoring
Day 4 – student work for individual portion of the project, on-going monitoring
Day 5 – student discussion regarding benefits and drawbacks of various ratios
Summative Assessment

Day 4 – student work for individual portion of the project
Day 5 – compiled presentation
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 and / or wind professional to visit your school. The professional could help your students conduct a solar (and/or wind) 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. Wind energy specialists could provide more information on the benefits and drawbacks of utilizes small scale wind turbines for community level energy production.
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.










