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Impact of Incidence Angle on Solar Panel Efficiency

Abstract: 

The goal of this experiment was to find the optimal angle for solar panel efficiency in Corvallis, OR. Within this experiment two different solar arrays that are already in place were be studied. Data was taken by recording the digital readout of PV input and AC output. These data points were then analyzed to see which angle was more efficient. Data was only collected at 11 a.m., 1 p.m., and 3 p.m. on three different days, because of this the flatter of the two panels showed a higher efficiency. To improve this experiment data should be collected throughout entire days to get a complete data collection and accurate conclusions.

Introduction:

The goal of the study is to create a stand that can be adjusted to get maximum efficiency from solar panels throughout the year. Solar panels are going to be installed on the roof of Crescent Valley High School in Corvallis, OR. It is unfavorable to just leave them flat, as much energy from the sun would be lost as opposed to being captured and used for energy. Keeping this in mind the goals are to use the solar panels already in place on both co-ops in town, to find which angles are optimal at what times of the year in the Oregon climate. This data will then be used by future students to create a stand that will be used with the solar panels to be placed on Crescent Valley High School.

The science community has accepted that "inclining or tilting solar panels towards the sun can increase the levels of light falling on the surface and therefore cause an increase in electricity output."(Currie, 2002) One can find approximate optimal angles for major cities all over the world online. Not all of them take into account what time of year it is, and Corvallis is not exactly a major city. A study must be done in each individual city to find the optimal angles to the highest degree of accuracy possible. The end result will most likely be about 4 different angles for different times in the year. These angles could then be used by any other person in the surrounding area that did not want to do all the research for themselves and the angles should be fairly accurate depending on how far away ones location is from where the original study was conducted.

Similar scientific studies have been inconclusive as far as the perfect angle and direction for solar panel placement. Different studies come up with similar data, but it is spread out enough that it is not useful in this situation. These differences in data are probably the result of studies done is different places, and thus angles or directions for optimal energy collection vary.

Several studies have shown that artificial light does not perform as well as sunlight on solar panels, thus sunlight and the panels already in place will be used. However, the solar panels used in this study are already fixed in one place and therefore will not be manipulated. Both set ups that are going to be used are pointed south, but at different angles. 

It is reasonable to hypothesize that the most efficient angle for solar power collection will be between thirty-five and sixty-five degrees to the horizontal. With the angles that are going to be involved in this experiment this will mean that the north co-ops panels will be more efficient than the south co-ops because it is angled at about 45 degrees. This hypothesis is based on previously gathered knowledge and reasoning, as well as data from previous similar studies. Most studies state the best angle is between thirty-five and sixty-five degrees. "For optimum performance, the solar panels should be inclined at an angle of thirty-five degrees to the horizontal, but considerable variation either side of this angle is acceptable." (Norris, 2005) From common knowledge, it is known that the angle should not be too large or too small. The sun’s rays will be beating down at an angle, and a solar panel inclined near zero or ninety degrees will only collect energy at one part of the day. A solar panel with a more slanted angle will collect solar power throughout the day and thus be more efficient. The solar panels being included in this experiment will already be fixed in one direction, thus the optimal direction for solar panels to be facing will not be tested in this experiment. 

Methods:

Because the two local solar panels are fixed permanently at different angles (south co-op approximately 3 degrees and north co-op approximately 45 degrees) to the horizontal, this experiment used those two angles for the investigations. On three different days (to collect a range of results that were later averaged) the different panels were visited. At the same time (so that the sun was in the same position) the data was recorded. This was performed by looking at the digital readouts (called start inverters) that are in place and recording the data, the PV (photovoltaic) input was recorded, which is the amount of energy the panels are receiving from the sun, measured in volts. The AC output was also recorded, which is the power that the panels are sending out after it is converted, measured in watts. Data was collected in this way at 11 a.m., 1 p.m., and 3 p.m. 

A separate experiment was done to find when the sun was highest in the sky. On a really sunny day, starting at 10 a.m. the farthest point of the shadow of a large rock was marked at each hour. It was discovered that after 1 p.m. the shadow started growing again. This showed that the sun was at its highest point at around 1 p.m. This is why data was collected 2 hours before, during, and 2 hours after 1 p.m.

Materials:

The panels located at south co-op angled at approximately 3 degrees.

The panels located at north co-op angled at approximately 45 degrees.

The star inverter displays on both panel set-ups.

The large rock.

Results: 
The data shows that both the PV input and AC output are relatively the same for both panels. However, the 3-degree angle at the south co-op is consistently slightly higher than the other. 
	Site
	Date
	Time
	AC Output
	PV Input

	North
	5/21/2005
	11:00 a.m.
	552 w
	259 v

	North
	5/21/2005
	1:00 p.m.
	552 w
	269 v

	North
	5/21/2005
	3:00 p.m.
	298 w
	266 v

	South
	5/21/2005
	11:00 a.m.
	496 w
	284 v

	South
	5/21/2005
	1:00 p.m.
	537 w
	273 v

	South
	5/21/2005
	3:00 p.m.
	306 w
	272 v

	North
	5/26/2005
	11:00 a.m.
	1348 w
	229 v

	North
	5/26/2005
	1:00 p.m.
	1490 w
	220 v

	North
	5/26/2005
	3:00 p.m.
	1218 w
	221 v

	South
	5/26/2005
	11:00 a.m.
	1352 w
	234 v

	South
	5/26/2005
	1:00 p.m.
	1511 w
	288 v

	South
	5/26/2005
	3:00 p.m.
	1396 w
	215 v

	North
	5/29/2005
	11:00 a.m.
	547 w
	262 v

	North
	5/29/2005
	1:00 p.m.
	477 w
	269 v

	North
	5/29/2005
	3:00 p.m.
	449 w
	254 v

	South
	5/29/2005
	11:00 a.m.
	583 w
	283 v

	South
	5/29/2005
	1:00 p.m.
	629 w
	281 v

	South
	5/29/2005
	3:00 p.m.
	451 w
	273 v
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Discussion: 
The results suggest that the panels at the south co-op that are positioned at about 3° are more efficient than the panels positioned at about 45°, but not drastically. However it is accepted in the science and solar power communities that panels are more efficient when angled. With this knowledge it was decided to look into why this experiments data countered this agreement. It was gathered that flat panels could be more efficient than angled panels but only for a short amount of time per day. This experiments data was collected around the time when the sun was highest in the sky. Flat panels receive more energy when the sun is higher because the sun is coming directly down onto them. 

This experiments data was correct for the period of time that it was collected but because of the limited time frame it portrayed an incorrect result. In order to further the studies in Corvallis, OR, it would be logical to look at a wider variety of angles, and times. It would be necessary to require useful data to collect data over a couple entire days and see which panel puts out more wattage over a full day, instead of a span of just a few hours. This data should be collected before the panels are put on Crescent Valley High School because it is obvious that the angular position of solar panels does impact the efficiency. 

It also has to be taken into consideration the fact that the panels were at separate sites that were a few miles apart. There could have been clouds or other blockades keeping solar energy from reaching the solar panels at one site but not the other. Additionally the near flat angle of the panels at the south co-op could result in them being dusty, as the rain does not run off of them as easily. 
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