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Before investigating the characteristics of a photovoltaic panel, it is useful to understand the operation of a dry-cell (chemical) battery that will enable some insight into the photovoltaic panel.

Preliminary - Output Characteristics of a Dry Cell Battery

· The dry cell is not an infinite supply of power for any circuit.
· The dry-cell battery has an internal resistance as a natural opposition to current flow through it.  
· As the battery ages, the internal resistance increases such that the battery uses more and more of its power 

to overcome its own internal resistance.
· This means that less power is available for the external circuit as time goes on.
· For new batteries the internal resistance is low – (typically 1 ohm maximum). 
· For aged batteries this resistance is can be up to 20 ohms.
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Rload is the external device connected across the battery
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r represents the internal

resistance of the battery

the battery uses energy to

drive the current through 

itself (across r)

· The internal resistance is shown as being in series in the circuit.

is the nominal voltage (eg 6V, 1.5 V, 9V etc) 

i 
is the circuit current measured with an ammeter

R
 is the internal resistance of the battery (relatively constant if the battery is not giving current for a long time.

Rload 
is the external resistance that draws power and is typically varied in an experiment –ie a variable resistance

Using basic circuit theory

Ir + IRload   and rearranging this we have 
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Since each method integrates energy over different spectral regions it is not possible to convert directly from one unit of measure
to another when comparing the brightness of different luminous objects.

However, when the same object, at the same temperature, is being viewed at a common distance (for example at the distance of
Mars), conversions fram ane unit to another scale linearly. For example, the sun viewed from a distance where the brightness is
reduced by 50% of the Earth's value, would be reduced 50% in all methods and units of intensity measurement.

The values above are approximate, and assume a clear (cloud and haze free) and dry (low relative humidity) sky condition, with
the Sun directly overhead




I =  - V
     r      r
For a constant internal resistance the current-voltage output typically looks as follows.
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· The maximum power that the dry cell can supply to an external load occurs when the load 

resistance equals the internal resistance of the battery. (In higher electricity studies this is 

known as impedance matching.)
· Typically, this usually coincides with the battery voltage being ideally half the open-circuit 

voltage and the battery current being ideally half the short-circuit current. In practice there is some variation from this.
· Typically from the graph, we cannot keep deriving more and more power from the dry cell as 


we add devices. There is limitation to the amount of power which in turn affects its 


lifetime.
A practical can be conducted to determine the current-voltage characteristics so that comparison with that of a solar panel can be made. This will enable students think more deeply about the internal operation of the photovoltaic cell (solar-panel).
The IV Characteristic Curve and the Three Points of Interest

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.
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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
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Maximum power point tracker

From Wikipedia, the free encyclopedia

Jump to: navigation, search
A maximum power point tracker (or MPPT) is a high efficiency DC to DC converter which functions as an optimal electrical load for a photovoltaic (PV) cell, most commonly for a solar panel or array, and converts the power to a voltage or current level which is more suitable to whatever load the system is designed to drive.

Photovoltaic (PV) cells have a single operating point where the values of the current (I) and Voltage (V) of the cell result in a maximum power output. These values correspond to a particular resistance, which is equal to V/I as specified by Ohm's Law. A PV cell has an exponential relationship between current and voltage, and the maximum power point (MPP) occurs at the knee of the curve, where the resistance is equal to the negative of the differential resistance (V/I = -dV/dI). Maximum power point trackers utilize some type of control circuit or logic to search for this point and thus to allow the converter circuit to extract the maximum power available from a cell.

Battery-less grid-tied PV inverters utilize MPPTs to extract the maximum power from a PV array, convert this to alternating current (AC) and sell excess energy back to the operators of the power grid.

MPPT charge controllers are desirable for off-grid power systems to make the best use of all the energy generated by the panels. MPPT charge controllers are quickly becoming more affordable and are more common in use now than ever before.

The benefits of MPPT regulators are greatest during cold weather, on cloudy or hazy days or when the battery is deeply discharged

Radiometry & Photometry

Radiometry is the science of measuring light in any portion of the electromagnetic spectrum. In practice, the term is usually limited to the measurement of infrared, visible, and ultraviolet light using optical instruments. Irradiance is the intensity of light and is measured in watts per square metre.

Photometry is the science of measuring visible light in units that are weighted according to the sensitivity of the human eye. It is a quantitative science based on a statistical model of the human visual response to light - that is, our perception of light - under carefully controlled conditions. The photometric equivalent of Radiance is called Illuminance and is measured in Lumens per square metre (Lux).
Source:  http://www.andor.com/library/light/?app=335

Source:
http://www.bsria.co.uk/press/?press=364

Source:
http://www.tomatosphere.org/EngManual/light.html

This maximum current is called the short circuit current, abbreviated I(sc). When the module is shorted (zero load resistance) 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.





Short-circuit (zero resistance) current (intercept)





Open-circuit (zero current) voltage (intercept)





The midpoint on the curve


represents the ideal maximum	                   


power (to the external load)


point - where the external load


equals the internal battery


resistance





Thus there is no simple rule of thumb to convert from lux to watts/sq metre. 








