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Overview: This module is designed to provide students with hands-on experience using one of the most common solar energy evaluation tools on the market, the Solar Pathfinder. The Renewable Energy Training Center does not endorse the use of the Solar Pathfinder; however, this module is specific to this particular tool. While purchasing a Solar Pathfinder may be beneficial in the long-run, it may be difficult to come up with the money. Solar Pathfinders can be rented from various places such as Real Goods ($25/week, www.realgoods.com). 

By the completion of this module, students will be able to:
1. Identify shading concerns with siting a solar energy collector
2. Measure solar energy lost throughout the year by shading structures
3. Differentiate between magnetic south and solar south (and correct for declination)

Materials Required:
1. 4-5 posts with flagging
2. 1 solar pathfinder for each group of students (max 5 students per group)
3. Data sheet for recording information (1 per group)

Module duration: 2 hours (can be broken into several class periods if necessary)

How to use a solar pathfinder (see the example provided in the PowerPoint presentation for a visual demonstration and for the mathematics):
1. Select the appropriate sun path worksheet for your latitude. 
2. Put the worksheet into the pathfinder, aligning the leveling triangle into the appropriate slot. 
3. Pull the brass tab beside the compass out. This will allow the surface of the pathfinder to pivot left to right. Adjust the pathfinder worksheet and set your magnetic declination. I grab the leveling triangle and rotate it left or right as needed. If you do not know your declination, go to http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp and type in your zip code. If you live in NY, you will rotate the pathfinder worksheet to the right. For example, in Morrisville, our declination is roughly 12.5° West of North. I would move the worksheet to the right until the white dot aligns with -12.5°. 
4. If you have a handheld pathfinder, try your best to level the pathfinder by centering the bubble. If you don’t have steady hands, you can use a small bean bag or a pole to help. 
5. Align the pathfinder compass so that the red arrow points north (you should now be looking south). Are you looking at magnetic south or solar south at this point? You have corrected for magnetic declination, so you are aligned with solar south. 
6. Now put the dome glass over the pathfinder worksheet. The single brass post should align with the south side of the pathfinder. 
7. Standing to the north, look over the leveled pathfinder. You should see a reflection of the obstacles around you. You can see the sun, clouds, trees, buildings, etc. 
8. To determine how much shading you will receive, outline the obstacles with the white crayon. The pseudo vertical lines represent hours in each day (in half-hour increments). The “12” indicates solar noon, the time when the sun is highest in the sky, which might not necessarily correspond with 12:00 PM. Along the center vertical line are the months. Winter solstice is the top pseudo horizontal line and summer solstice is the lowest pseudo horizontal line. You can see from this that December has fewer hours of sunlight than June. Along each pseudo horizontal line at numbers ranging from 1 to 9. Each of these numbers is a percentage. The sum of the numbers along a single pseudo horizontal month line is 100.
9. Subtract the percentage lost to shade for each month. Multiply this percentage by the average monthly solar energy received for your location (can be found at: http://www.nrel.gov/gis/solar.html). Sum this for all months to determine the total amount of solar energy you will receive over the year with shading. This is your “adjusted solar energy” value. 
10. To determine the annual percentage of energy lost due to shading, take the adjusted solar energy divided by the unadjusted annual solar energy. This will give you the percentage of solar energy available that you will capture.

For the classroom module, you have a lot of options. Below is one module that has worked well in the past. Please see the attached Excel workbook for an example worksheet and data for NYS solar energy. 

Step 1: Identify a site to locate a fictional solar array (roughly 30’ x 15’). Ideally this site would have a small obstruction at several of the corners (such as a building or trees) that will appear on the solar pathfinder. Once located, place a flagged post at each corner of the array and label each corner 1-4. 

Step 2: Before going out to the field, give the students a quick primer on how to use the solar pathfinder. Use the proper sun path worksheet for your latitude. 

Step 3. Give each group 4 copies of the sun path worksheet. They will use 1 worksheet for each corner post. They can also do a fifth if you would like them to take the center condition of the solar array. 

Step 4. Have the groups rotate through all four corners, outlining the shading structures at each corner. Each sun path worksheet should be marked so that the students are able to remember the obstructions for each corner. Once each group has completed this, you can head back inside. 

Step 5. Use the attached worksheet so that each group can determine the shading losses at each corner. If you average the shading at each corner, you can get the mean condition of shading for this array. 

Step 6. Have the students calculate yearly energy and yearly percentage of energy lost due to shading. 





Questions:
1. If you used a center station, how does the “mean” condition compare to the center station in terms of shading? Should they be the same? Why or why not? 
2. How could you modify the shape of the array to reduce shading?
3. How could you modify the environment to reduce shading?
4. Is it better to modify the environment or move the array? Why? 
5. What is magnetic declination? How can we correct for it?
6. How does shading impact the cost of a solar array?
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