
Double the Light double the 
Power!



HOW DOES THE 
ANGLE OF A 
REFLECTIVE 

MODULE AFFECT 
THE OUTPUT OF 
A FIXED SOLAR 

ARRAY?

8TH GRADE SCIENCE FAIR



INTRODUCTION
CAN MIRRORS INCREASE SOLAR PANEL POWER?

◼ Throughout the day, the solar radiation that reaches a solar panel 
varies and often is below both the peak for the day and the design 
limit of the panel.  

◼ If additional light can be reflected onto a solar panel the power 
generated may be increased.

◼ This experiment was undertaken to show the importance of solar 
energy production and simple low-cost methods to increase solar 
power generation. 

◼ This experiment utilized an inexpensive method of light reflection 
using a reflective module onto a flat solar panel to test the 
hypothesis.
◼ If a reflective module is angled to reflect sunlight on a solar cell, then the 

solar cell power output will increase because the solar cell has the 
capacity convert the additional photons into energy. 



BACKGROUND
WHY IS THIS IMPORTANT?

◼ This project demonstrates the importance of renewable energy to society.  This project focuses on solar energy because it is 
a sustainable energy source with high potential to displace high carbon sources of energy in Arizona and beyond. 

◼ Solar has some drawbacks, in addition to only working during the day the solar output varies significantly between peak 
solar months in the summer compared to the shorter winter month or from day to day depending on cloud cover.  The 
variability of solar power output influences its use as a direct replacement for other sources of power.  If we can boost solar 
power output on cloudy days or during lower solar radiation months this will be beneficial to society and help with 
decarbonization.  

◼ The main focus of the project is how to boost solar productivity during non-optimal times, by using reflective modules on 
Fixed (open rack) solar panels. 

◼ Increasing solar output will further improve the business case for solar over fossil fuel power.  
◼ Solar is currently a viable alternative to fossil fuels and further improvements in its power output will accelerate adoption. 



RESEARCH QUESTION AND HYPOTHESIS

Research Question

◼ Can you increase the power output of flat mounted solar panels using additional reflected light from low-cost 

fixed mirrors?

Hypothesis 

◼ If a reflective module is angled to reflect sunlight on a solar cell then the solar cell power output will increase 

because the solar cell has the capacity to convert the additional photons into energy.



DESIGN AND METHODOLOGY
VARIABLES AND MEASUREMENT 

Independent Variable – Reflective Module Angle 
◼ The independent variable in the project is the Angle of the Reflective Module relative to the solar panel from 0 to 120 degrees from ground plane. 

This angle will influence the amount of additional light that is directed onto the solar panel.  The optimal angle will be determined for each hour that 
the experiment is conducted.  It is expected that the optimal angle will vary throughout the day, at different times of the year, and under different 
levels of cloud cover. The power output of the solar panel with the Reflective Module will also be compared to the control solar panel with no 
Reflective Module to determine the change in power output for each angle and the optimal solar alignment power of the panel to the sun. 

Dependent Variable – Solar Panel Output 
◼ The dependent variable is the power output of the solar panels. A 10 ohm resistor was used to simulate a load on the circuit. Power be calculated 

using the direct voltage and current measurements from two multimeters. Power (P) is calculated in watts, through measurements of current (I)  in 
amps and voltage (V) in volts using the equation P=IV. These measurements will be made at varying times of the day with a comparison of a solar 
cell with a reflector and one without as well as a comparison to the optimal solar alignment of the panel to the sun. The angle of the reflector will 
influence the amount of light on the cell, which is theorized to increase power output with increasing concentrations of light. 

Control Variables
◼ Time of day
◼ Temperature (F) 
◼ Cloud Cover (Heavy, variable, light, and clear)
◼ Angle of solar module relative to compass direction
◼ Angle of solar module relative to ground plane
◼ Location of solar panel
◼ Reflected light off surroundings
◼ Circuit load in ohms



DESIGN AND METHODOLOGY
EXPERIMENT PROCEDURE

1. Prepare solar circuit by connecting solar cell to the 10 Ohm resistor and affixing it to the mounting board 

2. Find a location with a clear view of sky and no obstructions of the sun

3. Angle solar panel directly towards sun and slowly adjust angle until maximum voltage and current are observed, record values, time/date, and cloud cover on log sheet as Optimal Solar 
Angle 

4. Use compass to determine South direction

5. Orient solar panel so that the long axis is aligned south to north

6. Level the solar panel if needed so that it level to ground plane in x and y axis

7. Inspect solar cell and mirror for dirt, if dirty clean until no dirt is observed

8. Lay the reflecting module up against solar panel flat, with reflective surface facing up on the north side of the solar cell

9. Measure the voltage across the resistor (this step will be repeated every time power needs to be calculated) and record values, time/date, and cloud cover on log sheet 

10. Measure the current between the resistor and the solar cell (this step will be repeated every time power needs to be calculated) and record values time/date, and cloud cover on log sheet

11. Adjust the reflective angle from 0 to 120 degrees, note angle on log sheet, and repeat steps 9 and 10 for each position in 10 degree increments.

12. Remove the reflective module once all readings have been completed

13. Repeat the procedure from step 3 every 60 minutes during daylight hours

14. If time + weather permits repeat experiment on days with different weather conditions such as clear, partly overcast, and overcast.  



DESIGN AND METHODOLOGY
MATERIALS AND SETUP

● 2 – Digital multimeter

● 1 – Resistor 5V, 2.5W, 10 ohms 

● 4 – Pieces of copper wire 20cm, 20/22 gauge

● 2 – 130x150mm solar cell (2.5W 5V/500mAh) - one spare 

● 2 – 150x150mm mirrors - one spare

● 1 – Wood mounting board

● 1 – Protractor 

● 1 – Compass

● 1 – terminal block
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EXECUTION
DATA COLLECTION

◼ Data was collected across six days (December 5, 23, 26, 
27, 28, 2021 and January 1, 2022) in Tucson Arizona

◼ Readings were made between 9:00 and 16:00 hours with 
33 hourly readings made across the collection days

◼ The cloud cover was extremely variable during the data 
collection period with observations make under clear, 
heavy clouds, variable clouds, and light clouds.  
◼ Only three hours of light cloud cover were observed

◼ Variable cloud cover readings were extremely difficult to collect 
stable data due to both the speed of variability in solar power and 
limitations in experimental method and manual collection method

Sample raw data collection sheet

Sample calculated power table



EXECUTION
ANALYSIS
◼ The Ratio of Average Measured Power and Optimally Aligned Power versus 

Reflective Module Angle graphs show that the power output when using the 
reflective module rarely exceeded the power of the optimally aligned solar 
panel without the reflective module.  This holds true for almost all data points 
throughout the day and across varying sky cover except the Heavy Cloud 
Cover where the power using the reflective module was consistently equal to 
or higher except angles greater than 100 degrees.  The highest power output 
was reached at 10:00 on Heavy Cloud days and was surpassed by 35%. The 
optimally aligned power on clear days was not passed except for 13:00 and 
was only surpassed by 1.67% at 90 degree reflective module angle. Light 
cover conditions never surpassed or reached the optimal alignment power 
and the closest to optimal was 98%. Lastly variable cover days were only 
surpassed at 13:00 and were surpassed by 14% power. A general trend was 
that peak power was reached at a 90 degree angle for the reflective module.  
The data captured under Variable Cloud conditions is not reliable as the sun 
intensity was changing rapidly and the equipment used in the experiment was 
unable to capture data simultaneously to provide a good comparison.

◼ The Ratio of Reflecting Module and Zero Angle Power versus Time graph 
shows that the average power measured across all times is higher than the 
zero angle readings.  This clearly shows that with the reflective module the 
solar panel generated more energy than without it.  



EXECUTION
ANALYSIS - CONTINUED

◼ The Ratio of Power with Reflecting Module and Optimal Alignment 
Power without Module versus Time graph shows that on average the 
power generated by the solar panel with the reflective module was 
consistently well below that of the optimally aligned solar panel 
without a reflecting module.  This holds true at all times of the day 
measured.  The peak average power of the solar panel with the 
reflective module was 79% at 12:00 hours of the optimally aligned 
solar panel.  The lower average power of the solar panel with the 
reflective module was 27% at 15:00.

◼ The Power with Reflective Module versus Time graph shows that the 
solar panel is generating power significantly below its rated power of 
2.5 watts with peak power measured at 2.27 watts during a single 
data point at 12:00.  The average power generated peaked at 1.06 
watts at 13:00 hours with the lowest average being 0.03 watts at 
16:00 hours.



EXECUTION
INTERPRETATION OF RESULTS

◼ The power generated with a reflective module angle of 90 degrees from ground plane was consistently 
higher than that of the zero angle which proved the hypothesis.

◼ The power generated using the optimal reflective module angle was rarely higher than the optimally 
aligned solar panel power without a reflective module.  This showed that it would be better to use a 
system that tracked the optimal solar alignment rather than a fixed horizontal solar panel with a reflective 
module.
◼ The data was collected during late fall and early winter conditions when the sun is very low in the sky.  This caused a large 

percentage of the solar rays to be reflected off the panel in the horizontal plane.  Additional work should be done to confirm 
results at different times of the year when the sun is higher in the sky. 



CONCLUSIONS

◼ Weather during the collection period was unusually variable with significant changes in cloud cover across both the collection 
days and throughout each day.  The number of hourly readings collected was significant but some of the cover conditions at 
different times of the day were too few to form definitive conclusions, additional data collection is recommended.  

◼ The power generated by the solar panel with the reflective module was consistently higher than the zero-angle power across all 
conditions for angles between 70 to 100 degrees.  Less than 70 degrees and the reflective module didn’t reflect additional light 
on the panel except under heavily overcast conditions.  At angles greater than 100 degrees the reflective module would 
generally block some of the direct light from the panel causing less power to be generated.  The optimal angle for the reflective 
module was typically 90 degrees throughout the day and for all cloud cover except heavily overcast.  The power generated at the 
90-degree angle optimal angle was consistently less than the Optimal Solar Alignment except for 13:00 hours where it exceeded 
it by approximately 10%.

◼ When the angle of the reflective module was greater than 70 degrees the power increased due to additional sunlight being 
reflected onto the solar panel, proving the hypothesis. When the angle exceeded 100 degrees the reflecting module created a 
shadow on the solar panel during many times of the day reducing power. 

◼ Initial tests of the hardware prior to collection showed some problems that needed to be fixed prior to collection.  These were 
done to increase the reliability, accuracy, and physical comfort of the collection.  The first key change was elevating the solar 
panel from the ground onto a table as it was too difficult and uncomfortable to adjust the reflective module angles.  Additionally, 
the potentiometer was changed for a ten-ohm resistor as the resistance of the potentiometer was not stable and varied greatly. 
The last change was to add an additional reading for comparison of the Optimal Solar Alignment power by manually altering the 
solar panel horizontal and vertical angle until peak voltage and current were achieved. 



IMPLICATIONS AND FUTURE RESEARCH

◼ This project was developed to show the importance of solar power and how its power can be 
increased using a low-cost mirror. Going into this experiment a general assumption was made that it is 
by far cheaper to mount solar panels flat rather than on angled mounts.  The goal was to surpass the 
lost power of a flat mounted solar panel compared to an angled panel by using reflective technology. 
Even though it was shown that additional power can be generated with the addition of a reflective 
module, it isn’t superior to a properly aligned solar panel.  

◼ This experiment was limited in collection of solar readings in the winter when the sun is low to the 
horizon and the flat solar panel was furthest from the optimal alignment.  This experiment should be 
conducted at different times during the year as it is expected that the results will change in the spring, 
summer, and fall when the sun is higher in the sky and more closely aligned to the earth plane aligned 
solar cell.

◼ Future experiments should investigate combining a reflective module to both an angled panel as well 
as panel that tracks the sun to determine if these provide superior results. This experiment has the 
potential to alter solar practices across the Globe. 

◼ Low-cost methods of increasing the power from solar panels should be investigated to further 
improve their payback, adoption, and ability to reduce greenhouse gas emissions. 
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