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ABSTRACT: Grid-connected photovoltaic systems are required to introduce photovoltaic solar energy into urban
areas. Various models have been developed in MATLAB/SIMULINK to investigate different aspects of PV
technology. In this paper a 50Kw grid connected photovoltaic (PV) generation system Sunpower Panel installed at
Elcomponics sales Pvt Ltd., NOIDA. India has been analyzed through simulation model developed on
MATLAB/SIMULINK. In this panel there are total 165 modules, in which 11 are connected in series and 15 such
strings in parallel with 96 cells per module. Taking the effect of irradiation and temperature into consideration, the
output current, voltage and power characteristic of PV system are obtain. The results obtained are compared with the
practical results. The simulated results are very close to the practical result.
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I.

INTRODUCTION

As a solution for the depletion of conventional fossil fuel energy sources and serious environmental problems, focus on
the photovoltaic (PV) system has been increasing round the world. Since it is clean, pollution-free, and inexhaustible,
researches on the PV power generation system have received much attention. Furthermore, for the continuing decrease
in PV arrays cost and the increase in their efficiency, PV power generation system could be one of comparable
candidates as energy sources for mankind in near future [1]. A photovoltaic system converts sunlight into electricity.
The basic device of a photovoltaic system is the photovoltaic cell. Cells may be grouped to form panels or modules.
Panels can be grouped to form large photovoltaic arrays. [2].
PV module represents the fundamental power conversion unit of a PV generator system. The output
characteristics of PV module depends on the solar insolation, the cell temperature and output voltage of PV module.
Since PV module has nonlinear characteristics, it is necessary to model it for the design and simulation of maximum
power point tracking (MPPT) for PV system applications. The mathematical PV models used in computer simulation
have been built for over the past four decades [3]-[4]. To make best use of the solar PV systems the output is
maximized either by mechanically tracking the sun and orienting the panel in such a direction so as to receive the
maximum solar irradiance or by electrically tracking the maximum power point under changing condition of insolation
and temperature. The overall performance of solar cell varies with varying Irradiance and Temperature [5]-[6]. The PV
application ranges from small installations of a few kW located in individual premises to large power plants generating
several MW of power [7]-[8].
PV arrays are normally composed of large numbers of PV modules. These PV modules can have different
current–voltage– characteristics. The difference between module characteristics is called I–V mismatch. I –V mismatch
can have permanent or temporary sources.
Permanent sources cause – mismatch by changing one or more parameters in the PV module such as the value
of parallel resistance and/or series resistance. Permanent sources include manufacturing tolerance, performance
degradation, and module cracking. Power loss from manufacturing tolerance mismatch is below 1% for modern Simodules [13]. These mismatch losses could increase due to aging to up to 2.4% [14].
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A temporary source for I–V mismatch changes in the irradiance level received by PV modules. I–V mismatch
caused by the changes in irradiance level is called partial shading of the PV array. Furthermore, partial shading sources
could be divided into easy-to-predict and difficult-to-predict sources. Easy-to-predict sources include nearby PV arrays,
buildings, and trees. Examples for difficult-to-predict sources are clouds soiling, and snow. Partial shading loss reduces
annual energy yield by 5%–10% in Building Integrated Photovoltaic (BIPV) [15], [16] and by 3%–6% in PV farms
[17].
Each module in the PV array should operate at its own maximum power point in order to maximize the power
production of the PV array. This can be ensured by a single Maximum Power Point Tracker (MPPT) if there is no
mismatch between the modules. In case of mismatch, there is no guarantee that all the modules are operating at their
Maximum Power Points (MPPs). This can be avoided by having an MPPT for each PV module [18], [19]. Another
solution is to use a multilevel inverter with independent voltage control for each PV module [20], [21]. In [22], it is
proposed to connect all the modules in parallel to avoid these losses.
Avariety of maximum power point tracking (MPPT) algorithms have been proposed including fractional open circuit
voltage [23]–[24], fractional short circuit current [25], [26], perturb and observe (P&O) [27]–[28], incremental
conductance (INC) [29]–[30], and artificial-intelligence-based algorithms [17]–[21]. These algorithms vary in their
complexity, efficiency, cost, and potential applications [27], [31], [32].
The main aim of this paper is to provide readers with the fundamental knowledge on how a model can be
made on MATLAB/SIMULINK and how the simulated result can be compared with the actual results obtained from
PV panel installed. The principle and operation of the PV cell and the fundamental characteristics of PV cell are
discussed in para II. The simulation model developed using MATLAB/SIMULINK and the results obtained are
presented and discussed in para III and the comparison of simulated result with that of practical result is discussed in
para IV.
II.

OPERATION AND CHARACTERISTICS OF PV OR SOLAR CELLS

During darkness, the solar cell is not an active device; it works as a diode, i.e a p-n junction. It produces neither a
current nor a voltage. However, if it is connected to an external supply (large voltage), it generates a current ID, called
diode current or dark current [9].
The model contain a current source Iph , one diode, a parallel resistance Rsh & a series resistance Rs , which represents
the resistance inside each cell and in the connection between the cells. The net current is the difference between the
photocurrent is the connection between the cells. The net current is given by the following equation:

Fig.1 Circuit diagram of PV cell
(

)

(

)

I= Iph – Is(
-1)) –
1
Where A is idealizing factor, k is Boltzmann’s gas constant, Tc the absolute temperature of the cell, q electronic charge
& V is the voltage imposed across the cell. Is is dark saturation current and it is strongly dependent on the temperature.
PV system naturally exhibits a nonlinear I-V and P-V characteristics which vary with the radiant intensity and cell
temperature as shown in fig 2.
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Fig.2 Characteristic curve of PV system.
III.

MODELING AND SIMULATION OF PV CELL IN MATLAB/SIMULINK

The model is developed in MATLAB/SIMULINK based on the mathematical equation of PV cell. For developing the
model, Sunpower Panel SPR-310-WHT-D has been chosen. The Sunpower Panel SPR-310-WHT-D, a 50 KW gridconnected photovoltaic (PV) generation systems have been installed at Elcomponics sales Pvt Ltd, Noida. In order to
analyze the performance of grid connected PV system a model is developed in MATLAB and the curves obtained are
compared with the actual values obtained. . In this panel there are total 165 modules, in which 11 are connected in
series and 15 such strings in parallel with 96 cells per module. The key specifications of the solar panel are shown in
Table 1.
Target Tool used:
In this Dissertation work the tool used is SIMULINK models. To open that the path followed is
Library SIMULINKsource
Library SIMULINK  Math operation
Library  Simevent  Simevent Ports and Subsystem
This is the main model PV array System.
Table 1. Key specifications of Sunpower Panel SPR-310E-WHT-D
Model
Cell type
Maximum Power[W]
Open circuit voltage Voc[V]
Short Circuit Current[Isc]
Current, Max power Impp [A]

SPR-310E-WHT-D
monocrystalline
(-0/+5w)(pump) 310w
64.4
6.05
5.67

Voltage , Max power Vmpp[V]
Normal operating cell temperature
Temperature co-eff of Voc (beta), β
Temperature co-eff of Isc (alpha), α

54.7
45
-0.176% / 0C
0.003% / 0C

Temperature co-eff of power (gamma), γ

-0.38% / 0C

A real solar cell can be characterized by the following fundamental parameters which are also sketched in model in Fig.
1
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a) Short circuit current Isc=Iph. It is the greatest value of the current generated by a cell. It is produced under short circuit
condition V=0.
b) Open circuit Voltage corresponding to the voltage drop across the diode (p-n junction), when it is traversed by the
photocurrent Iph (namely ID=Iph), namely when the generated current is I=0. It reflects the voltage of the cell in the night
and it can be mathematically expressed as:
Voc=
ln (
) = Vt ln (
)
1
Where Vt =

is known as thermal voltage and Tc is the absolute cell temperature.

Fig 3.Main Model of PV array system
IV.

RESULT

The output of the models can be obtained on different temperature and different irradiation value. The outputs of
simulated output are shown in the tables and graphs.
Fig 4 shows that when temperature 46 0C and irradiation 797 watt/m2, value of Imax is 84.86 A,Vmax is 514.9 V and
Pmax is 43.69kW .
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P-V & I-V curves when temperature 46 and irradiance 797
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Fig. 4 Variation of P, V & I at Temp 46 0C and Irradiation 797 watt/m2
Fig 5 shows that when temperature 46 0C and irradiation 672 watt/m2, value of Imax is 68.95A, Vmax is 549.1 V and Pmax
is 37.8 kW.
P-V & I-V curves when Temperature 46 and Irradiance 672
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Fig. 5 Variation of P, V & I at Temp 46 0C and Irradiation 672 watt/m2
The graph shows the variation of Power, Current and voltage according to temperature and irradiation. The open circuit
Voltage increase logarithmically with the ambient irradiation, while the short circuit current is a linear function of the
ambient irradiation. Similar graph has been studied and following data has been predicted.
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S. No.

SET: 1

Temp (0C)

Vmax (V) (SunPower
solar Panel)

Vmax(V) (Model in
Matlab )

Imax(A)
(SunPower solar Panel)

Imax(A)
(Model in Matlab)

Pmax(kW)
(SunPower solar Panel)

η max (SunPower Solar
Panel)

Pmax(kW)
(Model in Matlab )

η max(Model in Matlab)

Table 2 Comparison of data of SUNPOWER SOLAR PANEL and Simulated result in MATLAB

1.

Irradiance:
801 watt/m2
Irradiance:
795 watt/m2
Irradiance:
783 watt/m2

43

388

405.6

73.78

84.86

28.6

13.2%

34.4

15.9%

44

413

439.3

73.49

84.81

30.4

14.2%

37.2

17.3%

45

502

503.1

73.63

79.56

36.9

17.3%

40.02

19%

Irradiance:
797 watt/m2

46

506

514.9

73.91

84.86

37.3

17.4%

43.69

20.3%

2.
3.
4.

From the table 2 it is also concluded that the maximum efficiency of SunPower Solar Panel obtain is 17.4% at
temperature 460C and irradiation 797 watt/m2 and that of obtained from Model in MATLAB/SIMULINK is 20.3% at
temperature 460C and irradiation 797 watt/m2.
V.

CONCLUSION

The performance of PV system is strongly dependant on meteorological conditions such as shading, irradiance, PV
array surface temperature, etc. Therefore, the performance of PV arrays was analyzed using the measured performance
results of PV systems for monitoring period and investigated by reviewing several problems such as performance,
deterioration and losses. Data obtained from SUNPOWER SOLAR PANEL.
From the results above following points are concluded:
 By varying the temperature there is almost no effect on current.
 By varying the irradiation there is large fluctuation in current.
The maximum efficiency of a solar photovoltaic cell is given by the following equation:
η max (maximum efficiency) =

(
(

)
∗

)

The irradiation could better be described as the amount of sunlight that hits the earth’s surface in W/m2. The assumed
incident radiation flux under standard test conditions (STC) that manufacturers use is 800 W/m2. Keep in mind though,
that STC includes several assumptions and depends on your geographic location.
It has been found that, on average, the mean daily power generated by our installation has been 43 kWh and the
nominal power given by the manufacturer is 50 kWh. This huge difference is because of the absence of ideal condition
i.e Temperature must be 46 0C and Irradiation must be 800 watt/m2 for maximum power. But during a whole day there
is fluctuation in temperature and as well as irradiation which enables to form an ideal condition and hence the
efficiency is not able to reach to its highest point.
The difference of 3.1% is obtained. So, from the analysis of result obtain following points are concluded:
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1. With the increase in temperature the rate of photon generation increases thus reverse saturation current increases
rapidly and this results on reduction in band gap. Hence this leads to marginal changes in current but major changes in
voltage.(Observe tables)
2. Efficiency it increased a little bit when the modules are kept neat and clean.
3. Solar cells in PV array work only in part of volt-ampere Characteristic near working point where maximum voltage
and maximum current is.
4. Such a model would provide a tool to predict the behavior of any solar PV cell, module and array under climate and
physical parameters changes.
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