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ABSTRACT 
 
The maximum voltage and current values needed to 
maintain a 200 Watt photovoltaic cell are calculated 
in this experiment by using a Microsoft Excel 
program. This program uses atmospheric data from 
NASA’s meteorology and solar energy database to 
gauge the average insolation and temperature of a 
PV module at a given coordinate location. The 
voltage and current values calculated are an 
average of 0.569 Volts and 184 Amps, respectively. 
There is a lot of error in this experiment, mostly 
residing in the inputs and parameters into the Excel 
program. Future work on this project should start 
with the refining of the program itself and 
identification of the issue that resides inside of it. 
 
INTRODUCTION 
 

Photovoltaic cells, or solar cells, have been a large 
focus in the business of green energy. To be able to 
convert the power constantly bombarding the Earth 
into usable energy is the name of the game; 
however, the efficiency of solar panels, although 
increasing, is still too low for some people to 
consider viable to power large facilities or 
households. In an experimental setting, there are 
many alternatives to the commercial silicon PV cell. 
Some researchers have made cells that are 
constructed with organic material, of which achieve 
a higher efficiency.1 There is also the issue of 
inconsistency with solar panels, being rendered less 
effective on cloudy days, at night, and in the heat. 
When the panel heats up, infrared light is trapped 
inside the module, causing the band gap energy to 
increase. This means more energy is required to 
generate a voltage.2 To better increase this 
efficiency, one must understand the limitations of the 
PV module. In this experiment, these limitations are 
calculated.   
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
THEORY 

 
The main concept of this experiment is that 

of photovoltaic cell efficiency, or the percent of light 
converted into power. This efficiency percentage is 
one of the most important features of a PV cell, and 
is determined by the cell’s construction, installment, 
and physical location. For most commercial PV 
modules, this value is at maximum around 18% 
efficiency. Although this value can be experimentally 
increased in a lab under controlled conditions, this is 
what a consumer will have if a high end module is 
installed for them. Two equations are used in this 
experiment to theoretically determine what this value 
is, both dependent on the sun’s intensity, cell’s 
ideality factor, and open-current voltage of the 
module. The equations are listed below:3 
 

Eq. 1:  𝑉𝑚𝑝 = 𝑉𝑜𝑐 − (
𝑛𝐾𝑇

𝑞
)𝑙𝑛 (𝑉𝑚𝑝∗𝑞

𝑛𝑘𝑇
+ 1)  

 

Eq. 2:  𝐼𝑚𝑝 = 𝐼𝑠𝑢𝑛(1 − −𝑒𝑥𝑝 (𝑞∗(𝑉𝑚𝑝!𝑉𝑜𝑐)
𝑛𝐾𝑇

) ) 
 

These two equations are used to solve for the 
maximum power output of a module. 𝑉𝑚𝑝 is the 
maximum voltage, and 𝐼𝑚𝑝 is the maximum current—
when they are both multiplied together, the 
maximum power output can be determined. By then 
comparing that to the solar flux, the efficiency 
percentage can be found. For this to be useable, 
however, Eq. 1 has to be altered. Because the max 
voltage is on both sides of the equation, some 
grouping has to be done for it to be used. When this 
is done, the equation can then be reduced to a 
simpler form: 
 

Eq. 3:  !
𝑥
= 𝑒𝑥𝑝 (α(𝑥)(1 − 𝑥))  

 

Where the following constants are used to reduce 
the equation: 
 

Eq. 4:  𝑥 = 𝑉𝑚𝑝

𝑉𝑜𝑐
 



H-SC Journal of Sciences (2018) Vol. VII Tiblin and Thurman 
 

 

http://sciencejournal.hsc.edu/	 	 	 	
 

Eq. 5:  β = 𝑃𝑚𝑎𝑥
𝐼𝑠𝑢𝑛∗𝑉𝑜𝑐

 
 

Eq. 6:  α = 𝑞∗𝑉𝑜𝑐
𝑛𝐾𝑇

 
 

By using a root-finding technique in Microsoft Excel, 
the solutions to Eq. 3 can be determined. These 
values are used as ‘x’ in Eq. 4, allowing one to 
deduce the maximum voltage in the proposed PV 
system. By plugging this into Eq. 2 and comparing the 
result to the maximum power demand, the true 
maximum values are found. These can then be used 
to calculate the efficiency of the system as described 
above.   

The equation used to calculate the open-
current voltage of the cell is shown below: 
 

Eq. 7:  𝑉𝑜𝑐 =
𝑛𝐾𝑇

𝑞
∗ 𝑙𝑛 (𝐼𝐿

𝐼𝑜
+ 1)  

 

Where 𝐼𝐿 is the light generated current and 𝐼𝑜 is the 
dark saturation current.2 
 
MATERIALS AND METHODS 

 

As this experiment is mostly theory, it is entirely done 
through Microsoft Excel and GNUplot. For mapping 
out the limits of the photovoltaic cell, multiple steps 
must be taken before the values can be calculated. 
First, the operating temperature of the cell must be 
found. This value is important because it is the 
temperature of the cell that determines overall 
efficiency. By using averaged insolation, air 
temperature, and NOCT values at Farmville’s latitude 
and longitude provided in the NASA Atmospheric 
Science Data Center, the average operating cell 
temperature by month can be calculated.^4 

Next, values such as the cell’s open circuit 
voltage must be determined. The open circuit voltage 
is calculated with equation seven and then used to 
find the maximum voltage value. The simpler 
equation derived from equations one and two is 
graphed in GNUplot to get a precise reading of the 
equation’s roots. These root values are found with 
inspection, and used to calculate the maximum 
voltage with equation four. Once the maximum 
voltage value is determined, its corresponding current 
value is then deduced. This is done for every month 
out of the year to give the average optimized values 
of the PV module. 
 
 
DATA 
 

Shown below are the graphs generated in the Excel 
spreadsheet. Three of the twelve month calculations 
are shown to give an idea of what the program is 
doing. 
 

 
 

Figure 1: This graph was made when determining the average 
operating temperature of each individual photovoltaic cell. Notice 
the classic bell curve shape of the graph—this is the same shape 
as the sun’s intensity curve over time. 

 

 

 
 

Table 1: This table shows the calculation for the operating 
temperature of an individual PV cell by month. The values are 
specific for Farmville’s latitude and longitude coordinates. 

 

 
 

Table 2:  This table shows the calculations for the alpha and beta 
values in Eq. 3 needed to satisfy the equations for March, June, 
and November. Notice that these values are dependent on the 
intensity of the sun and the power demand of the cell. 
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Figure 2: This graph showing the generated outputs for Eq. 3 for 

the month of March. The root values found are x=0.136 and 
x=0.966. 

 
Figure 3: This graph showing the generated outputs for Eq. 3 for 

the month of June. The root values found are x=0.117 and 
x=0.990. 

 
 
 
 

 
Figure 4: This graph showing the generated outputs for Eq. 3 for 
the month of November. The root values found are x=0.149 and 
x=0.951 
 

 
DATA 
 

The first calculations done are those for cell 
temperature by month. This calculation is dependent 
on the sun’s average insolation for the month, and 
also on the air temperature around the cell. These 
atmospheric values were taken from Farmville, 
Virginia’s latitude and longitude lines. With the 
following equation, the cell temperature values were 
calculated.2 

𝑇𝑐𝑒𝑙𝑙 = 𝑇𝑎𝑖𝑟 + ((
𝑁𝑂𝐶𝑇 − 20

80
) ∗ 𝐼𝑠𝑢𝑛)	

These values were calculated and placed into Table 
1. The maximum voltage values for each month were 
found with equation three with the root finding 
technique, and each value was then used with 
equation two to find each’s corresponding maximum 
current. Although there were two roots found in each 
graph, the larger x-value was used because that 
would give a maximum voltage value on the same 
order of magnitude of the open-circuit voltage. These 
two values are the proposed voltage and current 
values that satisfy the power maximum set. In the 
program, the photovoltaic cell was set to 200 Watts of 
power. The maximum voltage and current values are 
0.607 Volts and 213 Amps in July, respectively. 
Conversely, the minimum values were set at 0.508 
Volts and 117 Amps in January. More power is 
generated in July, but the input-output return is higher 
in January. In short, the cells are more efficient in the 
colder months.  
 
CONCLUSION 
 

The goal of this experiment was to better understand 
how photovoltaic cells operate, and the limiting 
factors to their overall efficiency. In this lab, an excel 
spreadsheet was made to compute the voltage and 
current values that would yield an average 200 Watt 
power draw. With the coordinates 37.3 degrees north 
and 78.4 degrees west used for temperature and 
insolation, an average voltage of 0.569 Volts and 
current of 184 Amps was calculated. Now, these 
values are not correct. There error probably occurred 
in the parameters set in the program, such as the 
proposed generated current value in the max voltage 
equation, as this value does not match up with the 
outcome of equation 2. The answers do, however, 
follow the bell curve relationship that is given in the 
intensity graph, which shows that, although some of 
the parameters are wrong, the math is correct.  
Looking forward, at least now the nature of a 
photovoltaic cell is known, and the limitations are
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understood. Future lab work attempting to increase 
the actual efficiency of a cell can be carried out now 
with an understanding of what affects this value. 
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