Introduction to Photovoltaic Systems

Summary:

In this lab, PV behavior will be analysed. In addition the resulting I-V curves will be generated
from simulation.

Learning Objectives:
e Understanding PV cells
e Reproduction of design

Prelab:

Observe the following |-V curve and P-V curve. These are the graphs of the Voltage, Current, and
Power across a resistor. In what ways are these different from a curve using a normal voltage source?
Report whether or not you believe the system is linear or non-linear?
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Part 1: PV cell

For this lab we will be using a different library. In simulink most of the components that we will

be usings are found Simscape>>SimPowerSystems>>Specialized Technology. In the solar area of this

library find the block PV Cell. Open the block and get familiar with whats inside.

Fl Block Parameters: PV Array
PV array (mask) (link)

Implements a PV array built of strings of PV modules connected in parallel. Each string consists of modules connected in series.
Allows modeling of a variety of preset PV modules available from NREL System Advisor Model (Jan. 2014) as well as user-defined PV module.

Input 1 = Sun irradiance, in W/m2, and input 2 = Cell temperature, in deg.C.

Parameters Advanced

Array data

Parallel strings

l1

Series-connected modules per string

l1

Module data

Module: |Kyocera Solar KD135GX-LPU -

[ Plot -V and P-V characteristics when a module is selected

Maximum Power (W) Cells per module (Ncell)
135.051 36

Open circuit voltage Voc (V) Short-circuit current Isc (A)
22,1 8.37

Voltage at maximum power point Vmp (V)  Current at maximum power point Imp (A)

17.7 7.63

Temperature coefficient of Voc (%/deg.C}  Temperature coefficient of Isc (%%/deg.C)

Display IV and P-V characteristics of ...

array @ 1000 W/m2 & specified temperatures

T_cell (deg. C) [[45 25 ]

Plot

Model parameters

Light-generated current IL (A)
8.4089

Diode saturation current I0 (A)
5.9150e-11

Diode ideality factor

0.93236

Shunt resistance Rsh (ohms)
51.1333

Series resistance Rs (ohms)

Cancel

Help

Apply

In order to match the results of everyone else, change the number of parallel strings and series
connected models to 1. This is because we are only going to simulate one solar panel, but if we wanted
to go back we can easily simulate larger systems. In addition please change the module to the Kyocera
Solar KD135GX-LPU, which are the solar panels that we will use at a later time. Make sure to click apply

and compare your characteristics.

Once everything matches the picture above, plot the array characteristics using several different

parameters, we will use this for reference.



Simulation:

Use the components in the Specialized Technology library to recreate the system below
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Assuming the PV array is still in the correct format, we will now apply the correct settings to the
rest of the system. First make sure that the Irradiance value is 900 and the temperature is 20(Celsius).
First we need to change the power gui to discrete, as shown below. This allows us to run fast simulations

at different step sizes.

*&l Block Parameters: powergui x
PSB option menu block (mask)

Set simulation type, simulation parameters, and preferences.

Solver Tools Preferences
Simulation type:

Discrete

Solver type:

Tustin/Backward Euler (TBE) -

Sample time (s):

[s0e-6

Cancel Help Apply

In addition we need to make sure the RLC branch is purely resistive. In the settings we can
change the value of the resistor and the components in the branch. Note: make sure to use the branch
and not the load for correct simulation.



*i Block Parameters: Series RLC Branch x
Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.

Use the 'Branch type' parameter to add or remove elements from the
branch.

Parameters

Branch type: R hd

Resistance (Ohms):
[1

Measurements MNone hd

Cancel Help Apply

Once everything is correct proceed to take measurements with different values of resistors. This
is because the PV system acts like a current source and we need to induce different characteristics
across our resistor. Using the table below fill out and take measurements on each case.

Resistor

100 20 10 6 5 4 3 2.5 2 1
(ohms)

.01

Voltage
(volts)

Current
(amps)

Power
(watts)

Plot the values that you simulated for a Power vs Voltage and Voltage vs Current in Excel or
MATLAB and compare this to the graph in the beginning of the lab. The values will not be the same but
does this system react the way that we expect? If we reduce the difference in some of our resistor steps
would we receive a better graph?

Next given that we have completed the last part, we can test our system to see how everything reacts to
different values of Irradiance and time. Repeat the previous table as shown below for an Irradiance of
500 and temperature of 20. Then compare this new graph to the one that you made in the last part.

Resistor

100 20 10 6 5 4 3.5 3 2 1
(ohms)

.01

Voltage
(volts)

Current
(amps)

Power
(watts)




Then redo the graph again for a temperature value of 15 degree and an Irradiance of 900, report the
graphs for comparison.

Resistor

100 20 6 5 4 3 2.5 2 1 .5
(ohms)

Voltage
(volts)

Current
(amps)

Power
(watts)

System with MPPT (Design Problem)

As we have found in the graphs before, we can only get the maximum output from the solar panels at a
specific resistive value. Because it would be impractical to go through at every irradiance and
temperature value to come up with the perfect point, we will go ahead and create a system that can do
this for us. As we have learned in the class there are many ways to simulate a load being exerted on a
system, for this system we will use a boost converter much like the one that we have created before.

Recreate the Simulink block that is shown below.
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We have provided the block for the MPPT Control, this will help us run the system at the maximum
transfer rate of power. As you can see this MPPT block is attached to a PWM generator that runs a boost



converter. In order to receive a .1V ripple in the output what size of capacitor should we use? For the
output resistor use a 100hm resistor and a .1H inductor. Determine the value of the PWM switching
frequency also.

In order to observe the behavior of the system running at the MPPT, we must now observe how
the system behaves under different load resistances. Unlike before the system should not change the
output of the solar panel but instead the output across the load. Run the system using the following
resistors and report the values below, attach the resulting graphs. Would it be safe to run the system
with these values in a physical system?

Resistor

1500 1000 500 200 100 50 20 10 6
(ohms)

Voltage
(volts)

Current
(amps)

Power
(watts)

PV
Power

System with battery attached

Next we will attach a battery to the system, this is put in for system stability and to provide
when our solar panels are not providing. In the Power Systems Library>Specialized
Technology>Electronic Drives>Extra sources select the battery and insert it in the previous system.



"k Block Parameters: Battery
Battery (mask) (link)

¢ Implements a generic battery that model most popular battery
types. Temperature effects can be specified for Lithium-Ion battery

type.

Parameters  Discharge

Type:

Lead-Acid <
. Mominal voltage (V)

|12 |

Rated capacity (Ah)
15 |

Initial state-of-charge (%)
[100 |

Battery response time (s)

 [30 |

Cancel Help Apply

"k Block Parameters: Battery

Battery (mask) (link)

' Implements a generic battery that model most popular battery

types. Temperature effects can be specified for Lithium-Ion battery
type.

Farameters  Discharge
Determined from the nominal parameters of the battery
Maximum capacity (Ah)

15.625

Fully charged voltage (V)

13.0658

. Nominal discharge current (A)

-
3

Internal resistance (Ohms)

0.008

| Capacity (Ah) at nominal voltage

4.6542
Exponential zone [Voltage (V), Capacity (Ah)]
[12.2171 0.05]

MNicnlaw rharartarictire

Cancel Help Apply

Make sure that the settings match the ones in the previous pictures. By clicking the Deteremined from
nominal parameters box we can have Matlab help us with simulating a normal battery. Once everything
looks the same press apply and we will continue.

Because we are running the system with a boost converter we will need to keep the value of the output
higher than that of the input. To do this we will insert two batteries in parallel to maintain a constant
voltage of 24V. Although the value of the batteries can change a little, it should not go below the max
value of the solar panels.
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Insert the batteries with a current measurement to the right of the capacitor, as shown above. After the
batteries are ready, we will now need to change the value of the resistor. Since we are maintaining a
constant value of the output voltage we will now have a large change in current. We will monitor this
current so that we can observe where in the system it is going. Change the value of the resistor to
2.40hms to observe a constant current of around 10A. Observe the behavior of the current across the
battery, is the voltage going up or down? Repeat this with a resistor of the value 100hms, and observe
the voltage. Report the previous graphs and voltage values.

System with Inverter

The last part of this lab is to attach the DC to AC components to our system. For this we will need to
attach a 60Hz chopper with a transformer attached. This will allow us to take our DC voltage and convert
it into a sine wave and then boost that sine wave up to a 120Volt AC value. The first thing to do is to
recreate the 60Hz chopper as we have done in a previous lab. We will use the linear transformer block
and the igbt/diode blocks from the power systems library.

Create the system as shown above with a 60Hz sine wave, and the triangle wave should be running at a
good frequency no lower than 1074Hz. For the transformer we must specify what voltage we will be
stepping up from in order to properly get a 120V RMS output. Open up the block parameters box for the
transformer and make sure everything matches the picture below.



Linear Transformer (mask) (link)

Implements a three windings linear transformer.

Click the Apply or the OK button after a change to the Units popup
to confirm the conversion of parameters.

Parameters
Units | pu w7

MNominal power and frequency [Pn(WA) fn(Hz)]:
[ 600 60 ] |

Winding 1 parameters [V1{Vrms) R1{pu) L1{pu}]:
[ 16.97 0.002 0.08 ] |

Winding 2 parameters [V2(Vrms) R2(pu)} L2[pu)]:
[ 120 0.002 0.08 ] |

L] Three windings transformer
Winding 3 parameters [V3[Vrms) R3(pu)} L3{pu)]:
[ 315e3 0.002 0.08 ]
Magnetization resistance and inductance [Rm{pu)} Lm{pu)]:

[ 500 500 ] |

Measurements | None -

Once everything is set up we need to run this system using different output resistances. Run the system
to simulate from one to four 100watt light bulbs (144o0hms) in parallel. Report the graphs of the system
to show where the power flow in the system is happening. How much power can this system handle?

Conclusion

Write a short paragraph about what you learned in this lab and interesting points. If there was
any major problems report them in this part.



