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About Tech Talk 

Tech Talk is a series of white papers created by engineers at Mantaro to share our knowledge in 

different technical areas.  With a diverse and progressive set of clients, Mantaro has a rich 

history of staying at the leading edge of the technology curve.  To keep the entire engineering 

team updated on the latest tools, trends, and technology, Mantaro holds regular meetings where 

engineers share their findings.  Tech Talk captures this wealth of knowledge in the form of white 

papers which are made available to the general pubic through our website.  If you have any 

questions or comments, please email us at techtalk@mantaro.com. 

 

About Mantaro 

Mantaro provides a full range of product development services including analog, digital, and RF 

hardware design, FPGA design, embedded system development, and RFI/EMI design consulting.  

Our technical staff comprises of highly talented professional engineers with a history of 

successful product development and innovative design experience.  We are an Altera Certified 

Design Center, Xilinx Alliance Program Member, Analog Devices DSP Third Party Developer, 

TI Low Power Wireless Third Party Developer, Cavium OCTEON Partner, Cymbet Design 

Partner, WiPower Design Partner, Tilera Design Partner, Sparsense Design Partner, providing 

industry leading FPGA and hardware/software experience.  Mantaro continues to grow by 

exceeding customer’s expectations and acting as extensions of their engineering team. 

Mantaro maintains its headquarters and lab facilities in our Germantown, Maryland location.  

Mantaro’s lab environment fosters the continual professional development of our staff and 

allows us to leverage our collective development experience and established methodologies to 

reduce both the time and costs associated with delivering high quality products.  Mantaro’s 

processes are based on our commitment to excellence and grounded in maintaining a close 

partnership with our clients throughout all phases of a project. 

 

Contact Information  
Mantaro Product Development Services, Inc. 

20410 Century Blvd, Suite 120 

Germantown, MD 20874 

301-528-2244 

www.mantaro.com  

techtalk@mantaro.com – comments about Tech Talk 

sales@mantaro.com – information on Mantaro’s services 

info@mantaro.com – all other inquiries 
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Using a Solar Concentrator with Photovoltaic Cells 

 
Jeremy Parsons – jparsons@mantaro.com 
Shishir Jha – sjha1@mantaro.com   
 

Abstract 
A solar concentrator was built using photovoltaic cells and mirrors in a linear Fresnel reflecting pattern.  

Various data was taken to determine if there is an advantage to building a concentration system versus 

purchasing additional photovoltaic cells to harvest more energy.  The results illustrate that there is a 

power output gain to be realized from concentrating solar energy and that thermal issues are a limiting 

factor that must be deal with.  

 

Introduction  
The cost of photovoltaic cells remains a significant hurdle in the deployment of home scale systems to 

generate electricity.  Since the output of the photovoltaic cell increases with the intensity of the light it is 

exposed to, it should be possible to increase the power output of such a cell through light concentration.   

If this is true and the cost of the concentration mechanism is less expensive than the cost of purchasing 

additional photovoltaic cells, then such a system would have a cost advantage.  The purpose of this 

document is to presenting the results of a series of tests that were made to determine the performance of a 

standard off the shelf photovoltaic (PV) cells in a concentrated light application.  

 

To test the performance of PV cells under concentrated light conditions we built a single axis tracking 

solar concentrator fixture (shown in Figure 1). The concentrator was built on the principle of Fresnel 

reflector where mirrors were used to focus sunlight on a PV cell. The sun tracking system that was 

developed for this system insured that maximum light was focused on the PV cell by the concentrator. 

For these tests we purchased two commercially available “3 Watt” PV cells model number SPE 350-6 

from SOLARWORLD® and mounted them onto the test fixture. This document describes the test 

procedures, results and findings of these tests. 

 

Equipment Used  
Solar Concentrator Assembly - The solar concentrator assembly consists of a Linear Fresnel reflector that 

tracks the sun in one axis. Two PV cells of size 4.5” by 8.5” were mounted at the focus of the Fresnel 

reflector such that light from the mirrors covers the full face of the cell.  The cells were rated by the 

manufacturer for a nominal output voltage of 9V, a current output of 350 mA, and a total power output of 

3 Watts.   
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Figure 1 - Solar Concentrator Assembly 

 
The left photo shows the Fresnel reflector assembly and the tracking fixture focused at the sun.  The right 

photo shows the Fresnel reflector assembly with the photovoltaic cells mounted at the focus. 

 
Resistor Bank – The maximum power output of a photovoltaic cell occurs when the load resistance is 

matched to the operating point of the photovoltaic cell.  This operating point varies with light intensity.  

The resistor bank allows us to determine the maximum power point of the photovoltaic cell under various 

light conditions by varying the load and measuring the output power. A schematic of the resistor bank is 

shown here. Various combinations of switch positions on the resistor bank provide the following load 

resistance: 50, 40, 20, 10.5, 5, 4, 3.6 and 3.4.  
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Test Equipment - The measurements were made with two multimeters so that both current and voltage 

could be measured simultaneously. We also used a multimeter equipped with a thermocouple to measure 

the temperature of the PV cell. 

 

Test Setup  
• The solar concentrator assembly was taken outside on October 21, 2009 and November 3, 2009 
during a sunny part of the day. It was aligned to the sun and the tracking system was turned on so 

that concentrator was collecting maximum light.  

• To check the performance of the solar cells one of the solar cells was turned to face the Fresnel 
reflector and the other was placed so that it faces the sun. This allowed us to profile the cell 

against each other so that a comparative study could be done to check the advantage of using 

solar cell with concentration versus a solar cell under normal sun. Additionally, as both solar cells 

were at the focus of the Fresnel reflector they were heated to similar temperatures. This assured 

that performance difference due to temperature was minimized. 

• The industry standard for measuring the output power of the solar cell is to measure the open 
circuit voltage and short circuit current and multiply the two values to arrive at photovoltaic cells 

rated power.  However, this approach does not provide a measure of the useable output power of 

a photovoltaic cell. To measure the useable output power we used the switchable resistive load 

discussed above and measured the maximum power point under varying light conditions.  

 

Power Test 
First test was to compare the output of the photovoltaic cell facing the Fresnel reflector with an identical 

cell facing directly at the sun. Figure 2 shows the results of three tests performed under similar ambient 

conditions.  For each set of readings, voltage and current measurements were taken for different 

resistance values as quickly as possible for cells facing the sun and mirrors. After each test, the cells were 

allowed to cool and the readings were taken again.  
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Figure 2 - Power vs. Load 
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The result of this test show that the power output from the photovoltaic cell facing the Fresnel has at least 

twice the power output compared to the cell facing the sun directly. However, the amount of light being 

concentrated on the PV cell is nearly 6 times that directed at the cell facing the sun directly.  So we would 

expect to be measuring closer to 9 Watts if the power output was directly proportional to the additional 

light.   

 

Temperature Test  
This test measured the effects of temperature on the photovoltaic cells. For this test the Fresnel mirror 

assembly was covered such that photovoltaic cells were shielded from direct sun light and heat. The 

assembly was then aligned to face the sun and tracking was turned on. Once the tracking was complete 

the covers were removed from the mirrors and measurements were taken as the temperature increased at 

the photovoltaic cells.  For this test all measurements were made with a single fixed resistance of 3.63 

ohms as this value gave the peak performance under similar light conditions in the previous test shown in 

Figure 2. 
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Figure 3 - PV Cell Output vs. Temperature 

 

 

From the graph above it is clear that the output power reduces as the temperature increases.  In this test 

we observed a 46% reduction in photovoltaic cell power output as the temperature increased a little over 

100 degrees Fahrenheit.  

 

Photovoltaic Cell Output with Concentration 
The next test measured the output of the photovoltaic cell as the concentration of solar energy was 

increased using the Fresnel reflector.  At the start of the test, all of the mirrors on the Fresnel reflector 
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were covered with white paper.  Then mirrors were uncovered in pairs, one from each side of the 

assembly, and the power output of the photovoltaic cell facing the mirror was measured for different 

resistance values. 

 

 
Figure 4 - Solar Tracking Assembly with Mirrors Covered 

 

The graph below shows the output power of the photovoltaic cell for mirrors 2 through 14 in 2 mirror 

steps.  Note, the power output when all mirrors were covered was due to reflection from the white paper 

and ambient light. 
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Figure 5 - Sun Light Intensity vs. Photovoltaic Power Output 

 

Each of the points in the graph above was determined by varying the load resistance on the photovoltaic 

cell until the peak power point was located.  The following graphs show the results data from each mirror 

pair.  Figure 6 shows the V-I curve for mirror sets 2 through 14.   
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Figure 6 - V/I vs. Mirrors 

 

Figure 7 shows the power output of the photovoltaic cell for each mirror pair.  The peak power was 

determined by varying the resistive load and measuring current and voltage. The figure below shows that 

as the intensity of light falling on the solar cell changes, the peak power point changes. It is evident from 

the data that with increasing light intensity the resistance at which the power peaks decreases indicating 

that the internal resistance of solar cell decreases with increase in irradiance.  
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Figure 8 - Power versus Mirrors  

 
Figure 8 shows that the actual output power diverges from what was expected when the data from the first 

two mirror pairs were linearly extrapolated and compared with data from a full mirror set. 
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Figure 9 - Impact of Temperature 
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Figure 9 shows an additional data set that was taken on 16
th
 November where care was taken to keep the 

PV cell at 75.2F (24C).  This shows that the divergence from the expected power output is due to increase 

in the temperature of the PV cell caused by heating under high levels of concentration.   

 

Sources of Error: 
The potential sources of error in the measurements reported here include: 

• Human error while taking the readings  

• Variation in ambient temperature 

• Variations in wind conditions 

• Varying sky conditions  
However, we believe the overall results are informative and accurate enough to draw some meaningful 

conclusions. 

 

Conclusions: 
• After the experiment, a general profile of how the photovoltaic cells work under actual load 
conditions was established. The useable power output of the system highly depends on matching 

the load to the output of the cell.  It is also noted that the measured output is much lower than 

would be expected from the manufacturer’s specification.  For example the manufacturer’s rating 

for the cells used here are 3 Watt whereas the actual output was measured at 1.5 Watts in non 

concentrated applications. 

• We did confirm our expectation that the power output of solar cell receiving concentrated light 
from the Fresnel mirrors was higher than the cell facing sun. At peak output the concentrated cell 

was producing about 2 to 3 times the power of the cell facing the sun.  However this was much 

lower output than would be expected if the output was directly proportional to the amount of light 

focused on the cell. 

• One of the most important findings is that heat being generated by the concentrated light reduces 
the peak output of the cell.  Minimizing the temperature rise of the PV cell would allow for nearly 

doubling the output power as the data in Figures 3 and 9 indicate.  
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