
Modelling and operation of A Renewable Power Plant 
 

 

Introduction 
 

In this exercise, you will learn about the components and operation of a renewable power 

plant (RPP) using Matlab coding and Simulink models. The RPP consists of a 200 kW solar 

farm and a 10MW wind farm built of five 2MW permanent magnet synchronous generator 

wind turbines (PMSG-WTs).  

 

The specific purposes are: 

  

 To understand the relation between voltage and current of a photovoltaic solar panel 

under various operating conditions. 

 To understand the operation of a PV array under various operating conditions by 

means of Simulink modelling.  

 Develop theoretical background PMSG-WT operation using simulation runs at 

various steady state operating points and parameter values. 

 Investigation of PMSG-WT operation under AC systems faults. 

 Develop understanding of PMSG-WT fault ride through methods by means of 

modelling and simulation. 

 Operation under ac system faults. 

 

Tasks 
 

a) Developing solar panel I-V and P-V curves at different temperature and 

irradiance conditions              [Total: 25 marks] 

 

The PV cell is a P-N junction similar to a diode. The diode V-I equation gives an expression 

for the current through a diode as a function of voltage. This equation for an ideal diode is 

expressed as: 

 

                                            𝐼 =  𝐼𝑜 (𝑒
𝑞𝑉

𝑘𝑇 − 1)                                                 (1) 

 

where: 

I = the net current flowing through the diode; 

Io = "dark saturation current", the diode leakage current density in the absence of light; 

V = applied voltage across the terminals of the diode; 

q = absolute value of electron charge; 

k = Boltzmann's constant; and 

T = absolute temperature (K).  

 

In darkness (in the absence of light), the solar cell acts similar to a diode and its operation in 

darkness will be according to (2). Note that (2) is the same as (1) with a reversed sign to 

reflect the reference current direction of the solar cell being out of the positive voltage 

terminal of the cell, unlike the reference current direction in a diode which is considered into 

the positive terminal of the diode.  

                                                 𝐼 =  𝐼𝑜 (1 − 𝑒
𝑞𝑉

𝑘𝑇)                                                 (2) 



 

The IV curve of a solar cell under light is the superposition of the IV curve of the solar cell 

diode in the dark and the light-generated current (IL). The light has the effect of shifting the 

IV curve upward where power can be extracted from the solar cell. So, illuminating a cell 

adds to the normal "dark" currents in the diode so that the solar cell I-V equation becomes: 

 

                                                         𝐼 = 𝐼𝐿 − (𝐼𝑜𝑒(
𝑞𝑉

𝑘𝑇
) − 1)                                           (3)  

 

Irradiance level (G) can be considered in the cell I-V relation of (3) as shown in (4), where Gr 

is the reference level of Irradiance being 1000W/m
2

. 

 

                                                        𝐼 = (𝐼𝐿 ×
𝐺

𝐺𝑟
) − (𝐼𝑜𝑒(

𝑞𝑉

𝑘𝑇
) − 1)                                    (4)  

 

 

You are required to: 

 

i) Plot the I-V curve of equation (2) at 25 °C and 1000W/m
2
 irradiance; the PV cell 

has the following characteristics: Io= 0.1 nA , IL = 8.5 A     [5 marks] 

ii) Plot the I-V and P-V curves of a solar panel composed of 72 series-connected 

cells of the type detailed in i) at 25 °C and 1000W/m
2
 irradiance.             [8 marks] 

iii) Repeat your plot in ii) for irradiance levels G = 850 W/m
2
, 600 W/m

2
, and 400 

W/m
2
.            [5 marks] 

iv) Find the voltage and current of the panel at maximum power point under each 

irradiance level.          [3 marks] 

v) Critically analyze your graphs as to how the change of irradiance affects the 

operation and output of the solar panel.                               [4 marks] 

 

[Hint: For your calculations, define a vector of voltage values from 0V to 0.62V with good 

resolution.]  

 

b) Complete and run the solar farm Simulink model:            [Total: 20 marks] 

 

Open the file named “200kW_solar_farm.slx” in Matlab. Familiarize yourself with the model 

and included descriptions. You will notice the solar array blocks clearly marked.  

 

i) Open the “block parameters” of the solar array block and adjust the array structure 

such that eventually the power plant is composed of two arrays in parallel each 

array is sized for 100kW, 400A, and 270V. Note that you may need to use more 

than one PV array block to reflect the solar farm structure. The solar panels used 

are of the model Sunpower SPR-315E-WHT-D whose detailed datasheet can be 

found here. 

                                                                   [10 marks] 
ii) Run the model at the modelled levels of irradiance and temperature. Export output 

power profiles of each solar farm section. Export a plot of the corresponding I-V 

and P-V curves of (at least) one farm section and locate the operating points on 

these curves.                            [5 marks]    

iii) Change the temperature and irradiance profiles inside the “irradiance” and 

“temperature” blocks, respectively, to the “random” selection. Run the model and 

export the output power profiles of each solar farm section. Comment on the 

difference with the case in part ii)                   [5 marks]  

http://www.solardesigntool.com/components/module-panel-solar/Sunpower/21/SPR-315E-WHT-D/specification-data-sheet.html
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c) PMSG-WT performance under grid faults (fault-ride through capability)             

                       [45 marks] 
 

Open the file named “PMSG_WF.slx” in Matlab. Familiarize yourself with the model and 

included descriptions. The modelled wind farm is based on the PMSG-WT configuration 

shown in Fig.1. For an easier understanding of the effects of a short circuit fault on the 

operation of PMSG-WT, this exercise will be performed at constant wind speed.  

 

 
Fig. 1 PMSG-WT configuration 

 

i) Run the PMSG-WF model and monitor different scopes. Fill in the following 

table:  

 

Steady state PMSG- WT operating point at wind speed (15) m/s 

PPMSG  QPMSG  

PGSC  QGSC  

DC Link Voltage (Vdc)  Rotor speed ωr (rpm)  

RMS LVS transformer current   RMS terminal voltage 

(Vout) 

 

[5 marks] 

 

Open the “Fault” block and select the parameters (tick the box): Phase A Fault, Phase B Fault 

and Phase C and Ground (three-phase fault): 

 

ii) Run the simulation. Export scope plots of DC-link voltage, GSC current, stator 

current, stator voltage, and rotor speed.       [5 marks] 

iii) Comment on the waveforms and whether the PMSG-WT components can ride 

through the fault undamaged or not, and why?      [5 marks] 

 

Open the “Fault” block and untick: Phase B and Phase C. Now the fault becomes a single 

line-to-ground fault: 

iv) Run the simulation. Export scope plots of DC-link voltage, GSC current, stator 

current, stator voltage, and rotor speed.       [5 marks] 

v) Comment on the waveforms in comparison with the three-phase fault case. Does 

the WT need to employ protective circuits for these faults if converters voltage 

rating is 115% of the DC link voltage?     [5 marks] 
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If yes, specify at least one way of protecting the PMSG-WT under grid faults and aiding its 

grid fault ride-through capability.             [3 marks] 

vi) Plot a circuit diagram of the PMSG-WT including one of proposed protection 

methods and explain the circuit structure/components.   [5 marks] 

vii) In the given Matlab model, using suitable blocks from “Simulink library”, build a 

simple functional model of any of the proposed protection methods.      [7 marks] 

viii) Run the model under a three-phase fault once more (Make sure to adjust the 

settings of the “Fault” block to a three-phase fault). Export waveforms of DC link 

voltage, rotor speed, GSC current, stator current, stator voltage to your report and 

comment on them.        [5 marks]   

 

 

Tips and Instructions: 

 
There is more than one way you can export neat and clear plots from Simulink scopes. You 

are free to do it the way you prefer as long as the figures are neat, clear, and readable (and 

not of a black background!). 

 

One way to export high quality neat waveform from Simulink scopes to your report in a few 

simple steps is as follows. This guideline also (starting from step 2) applies to editing 

figures/plots generated from Matlab command line. 

 

When you double click the scope and see the waveform in a new window follow these steps: 

 

1- Go to File menu; choose "print to figure" .... [A new Matlab figure window will open] 

2- Save the Matlab figure to your drive: File --> Save as..    [Save the file as a Matlab figure 

(*.fig) for later edits or retrieval if needed] 

3- Go to View menu; click "Property Editor" .. [An edit panel will appear below the 

graph/plot] 

4- In the edit panel; change figure colour (bottom left of the panel) from black to white.... 

[You will notice axes background colour turns to white] 

5- Click on the plotted curve(s) and edit plot colour, line type and width, etc. 

6- Click anywhere in the figure background to return to the graph edit panel where you can 

directly change X and Y axes labels and the limits displayed in your graph by selecting the 

relevant X or Y Axis tab. 

7- Go to "Font" tab to change the font name and size ... [This is an important step to provide 

readable font sizes for markers] 

8- After finishing edits, save the graph from "File" menu as a ".jpg" or ".tif" image file.  

9- Make sure to save your edits on the figure file you saved earlier (*.fig). 

 

The image file can be then exported/copied to your report. Make sure to include proper 

caption and figure number to your figure in the report. 

 

 

End of CW1 
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