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Power Output of Photovoltaic Panels

The IV Characteristic Curve and the Three Points of Interest
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A photovoltaic module will produce its maximum current when there is essentially no resistance in the circuit. This would be a short circuit between its positive and negative terminals.


Example

From the graph above, 
Isc  = 2.65 A
Voc   =  21.3 V

At the maximum power point, Imp = 2.5 A and Vmp = 17.3 V  =>  Pmp = 2.5 x 17.3 = 43.25 W
The optimal resistance  for operation = Vmp/ Imp  = 17.3/2.5 = 6.9 ohms

Current Output and Brightness

Standard sunlight conditions on a clear day are assumed to be 1000 watts of solar energy per square meter (1000 W/m2). This is sometimes called "one sun," or a "peak sun." Less than one sun will reduce the current output of the module by a proportional amount. For example, if only one-half sun (500 W/m2) is available, the amount of output current is roughly cut in half. Thus, the brightness affects the current output only.

[image: image5.png]Amps
20

MAKMUM POVER
VOUTAGE ~ ConenT]
Vg i )

SHORT GIRCUIT CURRENT (1 ¢ )

2

OPEN CIRQUIT
VOLTASE Vo)




Voltage Output and Temperature

	The greater the temperature, the smaller the open-circuit voltage. Higher module temperatures will reduce the voltage by 0.04 to 0.1 volts for every one Celsius degree rise in temperature.
This is why modules should not be installed flush against a surface. Air should be allowed to circulate behind the back of each module so its temperature does not rise, reducing its output. 
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Source:

http://www.polarpowerinc.com/info/operation20/operation23.htm
Example

Consider the IV characteristic below.


(a) Determine the short-circuit current.

(b) Determine the open circuit voltage

(c) Determine the power output of the panel when it operates at 19 V.
(d) determine the current, voltage and power of the maximum power point

(e) determine the resistance of the device that draws the maximum power from the panel.
(f) determine the current and voltage applied by the panel if (i) a 5 ohm resistor (ii) a 20 ohm resistor are used in conjunction with the panel. (Hint: draw the equation I=V/R for both resistors and find the operating point as the point of intersection.

(g) Draw a straight-line that passes  through (0,0) and through the maximum power point. From this line, find the resistance that corresponds to it and show that the resistance is the same value found in (e) above.

This maximum current is called the short circuit current, abbreviated I(sc). When the module is shorted (zero load reistance) the voltage in the circuit is zero. Isc occurs when the panel voltage is zero.





Conversely, the maximum voltage is produced when there is a break in the circuit. This is called the open circuit voltage, abbreviated V(oc). Under this condition the resistance is infinitely high and there is no current, since the circuit is incomplete. Voc occurs when the panel current is zero.





There is a point on the "knee" of the curve where the maximum power output is located. This point is called the Maximum Power Point. Different resistances drawn on different amounts of power from the panel under constant sunlight conditions. The optimal resistance draws the greatest power. The optimal resistance is the ratio of voltage to current determined from the maximum power point. At this point, the load resistance is equal to the solar panel internal resistance.














