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The PV System Emulation
Assessing the performance of PV 
systems [2] where the modules are under 
different environmental conditions 
experimentally is a very difficult 
undertaking. Therefore, a software tool 
written in Python and a set of methods 
were developed for the evaluation of PV 
systems under real environmental 
conditions, which combine the simulation 
of equivalent characteristics and the 
emulation of arrays using a programmable 
DC source.

Single-stage PV inverters are fed by 
programmable DC source Itech IT6000C 
(PV Panel Emulator). The equivalent 
characteristic is programmed into the DC 
source, which emulates the array.

The current-voltage characteristics of the 
PV arrays were obtained by using the 
aforementioned software, which 
generates an equivalent characteristic 
based on the characteristics of individual 
panels and information on their 
connection. The individual panel 
characteristics can be obtained by direct 
measurement under certain climatic 
conditions or by simulation, using already 
available tools.

Conclusion
Testing the operation of PV inverters in 
real environmental conditions is a 
complex undertaking due to the 
impossibility of setting those conditions 
during the experiment. Therefore, it is 
necessary to develop a series of methods 
that combine measurement and 
simulation of characteristics with panel 
emulation. This manuscript presents the 
methods for efficient testing, as well as 
the software tool necessary to realize the 
characteristics of the entire photovoltaic 
installation.
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PV Module Modeling
There are several software tools for 
simulating PV modules, arrays, and 
complete power plants that can evaluate 
the impact of environmental conditions, 
such as different insolation, shading, 
soiling, or temperature. One of the most 
used software tools is pvlib, a tool for 
simulating the behavior of photovoltaic 
modules [1]. However, it cannot generate 
the equivalent series/parallel connection 
characteristics of panels that are shaded, 
soiled or heated differently, which is 
necessary for evaluating PV inverters 
under realistic environment conditions.

Introduction
In practical situations, a group of 
photovoltaic (PV) modules connected in a 
single array can be affected by factors 
such as dirt, shade, or varying heat levels. 
These environmental influences impact 
the characteristics of the panels, leading 
to variations in their I-V and P-V curves. 
For an array composed of multiple 
modules connected in series or parallel, 
the equivalent P-V curve will exhibit 
multiple local maxima. Although the 
maximum power point tracking (MPPT) 
algorithm typically locks onto the 
maximum closest to the open-circuit 
voltage VOC, this may not always be the 
global maximum. Therefore, when 
assessing the performance of the MPPT 
algorithm and the PV inverter in general, it 
is crucial to consider these instances of 
non-uniform environmental conditions.

class PV_panel(PV):
    """
    PV panel generated from PV-KLA file
    """
    def __init__(self, file_path:str, points:int=2048):
        with open(file_path) as file:
            lines = file.readlines()
            param = False
            data = False
            i = []
            v = []
            for line in lines:
                items = line.split("\t")
                if param:
                    self.Voc = float(items[3])
                    self.Isc = float(items[4])
                    v.append(0)
                    i.append(self.Isc)
                param = (items[0] == "Pmpp in W")
                if data:
                    v.append(float(items[0]))
                    i.append(float(items[1]))
                data = data or (items[0] == "V in V")               
            v.append(self.Voc)
            i.append(0)
            self.VI = interp1d(v, i)
            self.IV = interp1d(i, v)

P-V characteristic of photovoltaic 
array with non-uniform shading
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