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SUSTAINABLE ENERGY SYSTEMS
EXPERIMENT 5
PV SOLAR MODULE CHARECTERISTICS & CONNECTIONS  
Objective

The objectives of this laboratory experiment are summarized below: 

1. To become familiar with the photovoltaic (PV) solar modules. 

2. To obtain the nonlinear current-voltage characteristic for a PV single module.

3. Investigate the impact of light intensity on current-voltage characteristic.


4. Investigate the impact of shading on current-voltage characteristic.


5. To calculate and plot the current-power characteristic for a single PV module.


6. To obtain the nonlinear current-voltage characteristic for two PV modules

          connected in series. 

7. To obtain the nonlinear current-voltage characteristic for two PV modules
          connected in parallel.   

Procedure

As you approach the lab bench you will see the following:

1. A light fixture attached to the bench
2. Two PV modules
3. A resistive decade box

4. A pyranometer 
5. A piece of cardboard

The light fixture is the source of light for this experiment. This light fixture will be connected to “phase a” of the three-phase ac variable supply. Varying the ac voltage applied to the bulb will change the light intensity. Make sure that the maximum voltage applied to the bulb never exceeds 120 V.

The PV solar modules covert the light to a dc voltage and current. The resistive decade box is used for loading the PV module. It is a variable resistor box, and you can vary the load resistance. Measure a few resistances and make sure that the decade box is accurate.
The light intensity is measured with a device called pyranometer. Read the instruction manual for this device, if necessary.
Part 1 – Setting Up Two  Modules
Attach the light fixture to the top part of the lab bench at a convenient location. Then connect the light fixture to “phase a” of the variable three-phase ac supply, and increase the ac voltage to 120 V.  Place the pyranometer on the bench directly under the light bulb and measure the light intensity.  After documenting the light intensity, remove the pyranometer from under the light bulb and put it aside from the light fixture.
Now place two PV solar modules on the bench directly under the light bulb such that each module produces the same open-circuit voltage. Mark the PV solar modules locations accurately. Connect one module to the resistive decade box via the Fluke voltmeter and ammeter, as shown in Figure 1. Since the dc load current is in mA, make sure you use the correct (lower scale) terminals of the Fluke ammeter.
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Figure 1. PV Module Setup
Incrementally increase the resistance of the decade box from 0 to 1 MΩ and measure the associated dc voltage and current. You need to collect a large number of data points to be able to obtain an accurate plot. Also, you can easily calculate the dc power by multiplying the dc voltage by the dc current.  It is recommended that you use Microsoft Excel and directly enter the data in Excel, so you could easily calculate the power and plot the current-voltage and power-voltage characteristic of the PV module. 
After completion of this part of the experiment:

1. Determine the maximum power point and the efficiency of the PV module at that point
2. Plot the current-voltage characteristic 

3. Plot the power-voltage characteristic
4. Print the two superimposed characteristics (I-V & P-V) as one graph (two plots on one set of axes). The x-axis should be the voltage in volts. The primary y-axis should be the current in mA, and the secondary y-axis the power in mW. Show the maximum power point on the plot
5. Document your concluding remarks
Part 2  – Investigating the Light Intensity Effect
Decrease the ac voltage applied to the light bulb to 60 V. Again, place the pyranometer on the bench directly under the light bulb and measure the light intensity. After documenting the light intensity, remove the pyranometer from under the light bulb and put it aside from the light fixture. Now place the PV solar modules on their original location and repeat the resistance adjustment steps in Part 1 of this experiment at this lower light intensity. 

After completion of this part of the experiment:

1. Determine the maximum power point and the efficiency of the PV module at that point
2. Plot the current-voltage characteristic 

3. Plot the power-voltage characteristic

4. Print the two superimposed characteristics (I-V & P-V) as one graph (two plots on one set of axes). The x-axis should be the voltage in volts. The primary y-axis should be the current in mA, and the secondary y-axis the power in mW. Show the maximum power point on the plot

5. Print the superimposed current-voltage characteristics for full and decreased light intensities (two plots on one set of axes)
6. Document your concluding remarks
Part 3  –  Investigating the Shading Effect
Increase the ac voltage applied to the light bulb to 120 V. Place the cardboard on top of one PV solar module such that it exactly covers half of the module area. Now repeat the resistance adjustment steps in Part 1 of this experiment at this level of shading.
After completion of this part of the experiment:

1. Determine the maximum power

2. Plot the current-voltage characteristic 

3. Plot the power-voltage characteristic

4. Print the two superimposed characteristics (I-V & P-V) as one graph (two plots on one set of axes). The x-axis should be the voltage in volts. The primary y-axis should be the current in mA, and the secondary y-axis the power in mW. Show the maximum power point on the plot

5. Print the superimposed current-voltage characteristics with and without shading (two plots on one set of axes)
6. Document your concluding remarks
Part 4  – PV Modules in Series
Connect two PV solar modules in series and repeat the resistance adjustment steps in Part 1 of this experiment. 
After completion of this part of the experiment:

1. Determine the maximum power

2. Plot the current-voltage characteristic 

3. Plot the power-voltage characteristic

4. Print the two superimposed characteristics (I-V & P-V) as one graph (two plots on one set of axes). The x-axis should be the voltage in volts. The primary y-axis should be the current in mA, and the secondary y-axis the power in mW. Show the maximum power point on the plot

5. Print the superimposed current-voltage characteristics for one module and two series modules (two plots on one set of axes)

6. Document your concluding remarks

Part 5  – PV Modules in Parallel
Connect two PV solar modules in parallel and repeat the resistance adjustment steps in Part 1 of this experiment. 
After completion of this part of the experiment:

1. Determine the maximum power

2. Plot the current-voltage characteristic 

3. Plot the power-voltage characteristic

4. Print the two superimposed characteristics (I-V & P-V) as one graph (two plots on one set of axes). The x-axis should be the voltage in volts. The primary y-axis should be the current in mA, and the secondary y-axis the power in mW. Show the maximum power point on the plot
5. Print the superimposed current-voltage characteristics for one module and two parallel modules (two plots on one set of axes)

6. Document your concluding remarks

Documentation

At the end of the lab period, submit this document with your insertions and all of the generated plots.
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