
AP Environmental Science 

Solar Power Lab: Power Vs. Angle 
 

In this lab you will examine the relationship between the power output of a 2-watt solar panel and the angle of the 
solar panel as it changes relative to a light source.  You will measure the power output of the solar panel using a 
digital multi-meter that is attached to an electric circuit.   
 

Current: The rate at which charge flows through a circuit; measured in amps (A). 
 

Electric Potential (Voltage):  How much energy is available to push each charge; measured in volts (V). 
 

Power: The rate at which energy is transferred; measured in watts (W) or Joules/second. 
 

Power = Current × Electric Potential 
 

OR 
 

Watts = Amps × Volts 
 

Procedure 
Have one of your group members hold the solar panel about 0.5 meters from the work light.  At the same time 
have another group member use the protractor to determine the angle at which to hold the solar panel.  Finally, 
have another group member read the multi-meter and record the data in the data table below.  Start by collecting 
voltage data by setting the multi-meter to V —  at 20 • use the steps described above to collect the data.  After 
you have collected voltage, switch the multi-meter to amps; A — at • 200 m.  This is milliamps, a thousandth of 
an amp, so you will need to convert to amps by moving the decimal three spaces to the left when recording the 
data in the data table.  Repeat the steps above to collect the data.   
 

à Answer all questions on loose-leaf paper and staple it to this sheet. 
 

Data Collection 
Use the procedure modeled by your instructor to collect data and record it in the data table below. 

Angle Voltage (V) Current (A) Power (watts) 
15°    
30°    
45°    
60°    
75°    
90°    

 

Data Analysis 
1) Using Excel or Google Sheets graph the power output of the solar panel as a function of the angle of the 

panel relative to the light source.  Be sure your graph includes all necessary components.  Print your graph 
and staple it to this sheet.   

2) Based on your data, what is the relationship between power and the angle of the solar panel? 
 

3) What angle yielded the greatest power?   
 

Application  
 The angle that sunlight strikes the Earth varies throughout the world.  As you noticed in the lab, the 
optimal angle for light to strike the solar panel is 90°.  For this reason, solar panels are installed at different 
angles throughout the world; this so sunlight strikes the panels at a perpendicular angle (90°).  The orientation of 
the panel is also crucial to achieving optimal electricity output.  Denver, being in the Northern Hemisphere, 
experiences sun that predominantly shines from the South. This deviates from the season to season, but ideally 
solar panels should be facing as close to 180° South as possible.   
 A solar panel placed flat on flat roof, has a tilt angle of 0°, whereas if the panel were vertical, it would 
be 90° relative to the flat roof.  Again, these variations in angle are to achieve a 90° angle relative to the sun’s 
angle of incidence.  The most efficient solar panels use light sensors, computers, and mechanical controls to 
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adjust the angle and effectively track the sun.  However, these types of solar panels are expensive and 
financially out of reach for most residential consumers of solar panels.  Therefore, most residential solar panel 
systems are either placed directly on the roof of a house or, if the consumer’s budget accommodates it, installed 
on tilt frames that are then adjusted to the optimal angle and fixed in place.  Sometimes the roof of a consumer’s 
home is very close to the ideal angle for their location (roof angles range from 10°- 45°, with the most common 
being 26°) and if one side of their roof is facing south, they have may have an optimal set-up; providing there 
are no shade trees obstructing the solar panel’s exposure to the sun.   
 A typical solar panel is about 5 ft. × 3 ft. and produces about 200 watts of electricity.  A standard 
residential photovoltaic system, composed of 5-200 watt panels, can produce 1 kW during periods of full sun, 
about four hours a day.  As the cost of solar panels continues to decrease, residential consumers are installing 
systems as large as 3 kW (15 solar panels), if the area of their roof can accommodate it.  Table 1 and Figure 1 
show the total annual output of a 1 kW photovoltaic system, in kilowatt-hours, at different angles for five 
different locations.  Tables and graphs such as these help consumers determine if solar panels are a good 
investment for their property and the angle at which they should be installed.  
 

Solar Panel Power Output in Kilowatt-hours (kWh) per Year Vs. Solar Panel Tilt Angle for Five Locations 
Solar Panel 
Tilt Angle 

Quito, Ecuador Mexico City, Mexico Denver, Colorado Vancouver, Canada Anchorage, Alaska 
Latitude: 0.18° S Latitude: 23.163° N Latitude: 39.74° N Latitude: 49.28° N Latitude: 61.22° N 

0 1,367 1,392 1,311 972 724 
5 1,360 1,415 1,379 1,015 765 

15 1,325 1,438 1,488 1,082 836 
25 1,261 1,430 1,558 1,122 887 
35 1,171 1,392 1,589 1,135 917 
45 1,058 1,324 1,580 1,122 926 
55 927 1,228 1,532 1,082 915 
65 795 1,105 1,448 1,017 886 
75 684 961 1,328 928 832 
85 588 811 1,176 817 762 
90 543 743 1,089 754 721 

Table 1. kWh per Year Vs. Solar Panel Tilt Angle for Five Locations 
 

 
Figure 1. kWh per Year Vs. Solar Panel Tilt Angle for Five Locations	
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4) What location has the greatest solar output in kWh?  The least? 
 

5) What location has the greatest range of variability in kWh?  The least? 
 

6) What are the optimal angles for each location and how many kilowatt-hours were produced at these angles? 
 

7) Based the data, what relationship exists between latitude and the optimal angle of the solar panel? 
 

8) Why is Quito, Ecuador’s optimal tilt 0° and why does it decrease so drastically as the angle increases? 
 

9) Compare and contrast Denver to Quito.  What strikes you about this comparison?  How can regional 
weather and climate patterns influence these locations and their solar power productivity? 

 

10) Assume you live in Denver, if you could adjust your solar panels twice a year, to maximize seasonal 
efficiency (summer and winter), to what angles would you set your solar panels and what months would you 
adjust the tilt.  Draw a picture that shows a solar panel system adjusted to the summer angle when the sun is 
higher in the sky and adjusted to the winter angle when the sun is lower in the sky; include the sun and it’s 
“rays”, solar panels, and the angles; maybe your house too...  

 
Assume these assumptions to answer the following questions: 

1kWh = $0.11        
1 kWh = 3413 Btu’s 

1 lb. of coal = 5,000 Btu’s 
1 short ton = 2,000 lbs.  

1 short ton of coal = 5,720 lbs. of CO2 

 

11) In Denver, solar radiation peaks in August.  If you had a 3-kW photovoltaic system installed on your roof 
and it was operating at 72% of optimum, how many kilowatt-hours of electricity would the system generate 
in the month of August (31 days; assume 4 hours of output per day)? 

  

12) The average American household uses 900 kWh of electricity each month.  How much money would your 
solar panels save you on your August electric bill (assume 900 kWh)?   

 

13) Calculate the percent of the 900 kilowatt-hours that your solar panels have produced?  
 

14) How many pounds of carbon dioxide will your solar panels have saved from being emitted into the 
atmosphere during the month of August? 

 
 
 
 


