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Introduction

The purpose of this project was to complete the design process of a 
solar power system and examine the effects of orientation and weather 
on the system. After analysis, it can be concluded that the two systems 
are statistically different, confirming orientation has an impact on output. 
Inclement weather (fog, rain, and snow) block sunrays which explains 
the low output days. To explain the unusual behavior of the systems on 
cloudy days, it was theorized that clouds diffused the solar rays, slightly 
aiding the system with a lower tilt. Therefore, future projects could 
involve additional experimentation with cloudy days.

Due to time constraints, data collection was limited to the first three 
months of the new year, so the full potential of these systems could not 
be recorded. Despite these results, homeowners with less ideal roof 
orientation should not be discouraged from switching to solar energy 
since the scarcity and cost of crude oil will increase in the future. 
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The installation took 2–3 days. The result of the installation can be 
viewed in Figure 3. There were no obstructions that impacted the 
installation process. At the end of December, the monitoring website was 
up and running a week after the installation. After 3 months of data was 
collected, it was analyzed for performance. The data was compared to 
another home system of the same size but a slightly more optimal tilt and 
azimuth (Graph 1). The values of the two systems were compared to 
show the impact of panel orientation.

A paired t-test was performed to compare energy production in 20°
tilt, 209° azimuth (Dr. Brown's system) and 30° tilt, 178° azimuth (other 
system). There was a significant difference in the energy production 
between Dr. Brown's system (M = 23.88 kWh, SD = 16.15 kWh) and the 
other system (M = 26.70 kWh, SD = 18.20 kWh); t(89) = −8.427 and p < 
0.001. Looking at Graph 1, most of the data has positive values revealing 
the other system produced consistently more energy.

After the installation, the panels were ready for use and monitoring. 
The website by SolarEdge was used to track the daily output of the 
system and the data was recorded in Excel. The annual output from the 
system was calculated to be 11,306 kWh/year. 

When crossed-referenced with weather, a common occurrence during 
these low production days was fog, snow or rain (Time and Date AS, 
2021). Of note was that on cloudy days, Dr. Brown’s system produced 
more energy despite having a less ideal azimuth and tilt. 

The first stage in planning and designing the photovoltaic (PV) 
system was to complete a site survey. Since Dr. Brown will rely on this 
system, his energy consumption was estimated. Additionally, physical 
properties of the roof such as slope, azimuth, and roof support were 
measured (Figure 1). This data was then entered into the National 
Renewable Energy Laboratory (NREL) calculator to find the expected 
output of a specific size system for this house (Table 1). The next step 
was designing system. During this phase, the physical layout of the 
system is planned (Figure 2). The panels used in this system are a 445W 
REC model and it was calculated that the home needed 18 of these 
panels. All 18 panels were able to fit on the identified roof area.

The final stage of the process was installation. During this stage, the 
installation company came to the property and installed the panels onto 
the identified section of the room.

With the slow but steady draining of non-renewable resources, 
researchers and scientists are starting to focus more on renewable 
alternatives (Nwaigwe et al., 2019). One such alternative is solar energy 
which utilizes the power of the sun to produce direct current power. The 
direct current is then inverted into alternate current for household use. 
Solar energy is likely to become the main energy source of the future. 
Over time solar panels have become increasingly affordable and prices 
continue to drop. With an increased reliance on solar power and other 
environmentally friendly energy alternatives independence from gas/oil 
can be obtained (Chace & Comis, 2018). 

The purpose of this project was to work through the design and 
installation process of a solar panel system and analyze the impact of 
orientation and weather on the system.

Figure 1 (left): This a view of the roof 
section that would have a solar power 
system installed on it. This part of the roof 
was chosen for installation because it is 
located on the south side of the home which 
has the most sun exposure. The goal was to 
fit all required panels in the identified area 
outlined in red. 

Table 1 (left): NREL calculator expected 
monthly output of the planned system 
based on the factors of the mentor’s home. 
The tilt of the roof was 20°. The azimuth 
was approximately 209° southwest. Of 
note is that the expected values are less 
than the required values. This was due to 
keeping all panels on a single roof.

Figure 3 (right): The real home after the 
panels were installed. The length of the 
roof was overestimated during the 
planning and design stage, so a small 
portion of the top right panel is hanging 
off but deemed to be a minor issue.

Graph 1 (above): A graph showing the difference in energy production per day (Other 
system − Dr. Brown’s system). Since the other home has more optimal conditions for solar 
energy, its system generated more energy than Dr. Brown’s home.

Figure 2 (right): This is a model of 
the PV system and home structured 
in Fusion 360. As can be seen, the 
section of the roof worked on has 
just enough space for 18 panels. 
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Month Energy (kWh)
January 627
February 704
March 941
April 1,023
May 1,083
June 1,049
July 1,142

August 1,053
September 928

October 788
November 607
December 549

Total 10,494
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