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Abstract: Increasing interest and investment in renewable energy give rise to rapid development of high penetration
solar energy. Solar energy is most readily available source of energy. It is Non polluting and maintenance free. There
are various models developed in MATLAB/SIMULINK to investigate different aspects of PV technology. In this paper
a simulation model has been developed on MATLAB/SIMULINK. This model is developed on the basis of
mathematical model of 100Kw grid connected photovoltaic (PV) generation system ‘Vikram Solar Panel’, installed at
B.R.C.M College of Engineering & Technology, Bahal, Bhiwani, India. This module has 18 series and such 24 arrays
parallel connected with 60 polycrystalline cells in each 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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1. 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 insulation, 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—
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characteristics. The  difference  between  module
characteristics is called 1-V mismatch. | =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 Si-modules
[13]. These mismatch losses could increase due to aging to
up to 2.4% [14]. A temporary source for |-V mismatch
changes in the irradiance level received by PV modules. |-
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
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[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]. Themain 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 Il. The
simulation model developed using MATLAB/SIMULINK
and the results obtained are presented and discussed in
para 11 and the comparison of simulated result with that of
practical result is discussed in para IV.
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Il. 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 Ip,
called diode current or dark current [9]. The model contain
a current source Iy, one diode, a parallel resistance Ry, &
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:

I])Il

Fig.1 Circuit diagram of PV cell

(V+IRs)
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Where A is idealizing factor, k is Boltzmann’s gas
constant, T. the absolute temperature of the cell, g
electronic charge & V is the voltage imposed across the
cell. Iy is dark saturation current and it is strongly
dependent on the temperature. PV system naturally
exhibits a nonlinear 1-V and P-V characteristics which

vary with the radiant intensity and cell temperature as
shown in fig 2.

Current(A)

(MPF)

Maximum Power Point |

/I

Power(W)

Voltage(V)
Fig.2 Characteristic curve of PV system.

I11. 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, Vikram solar panel has been chosen. The
Vikram Solar Panel, a 100 KW grid-connected
photovoltaic (PV) generation systems have been installed
at BRCM CET, Bahal.

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.
This module has 18 series and 24 parallel connected
arrays with 60 polycrystalline cells in each module. This
panel is installed in 2011 on the roofs of BRCM College
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of Engineering and Technology, Bahal.
specifications of the cell 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

The key

Library-> SIMULINK->source

Library-> SIMULINK -> Math operation

Library > Simevent - Simevent Ports and Subsystem
This is the main model PV array System. In this system
we have implemented the data of VIKRAM SOLAR
ELDORA-235 installed at BRCM CET, Bahal. In this
panel there are total 432 modules, in which 18 are
connected in series and 24 such string in parallel with 60
cells per module.
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Tablel. Key specifications of the VIKRAM SOLAR PV

Panel
Model ELDORA 230
Cell type Polycrystalline
Maximum Power[W] (-0/+5w)(pump) 235w
Open circuit voltage V. [V] 36.65
Short Circuit Current[l] 8.35
Current, Max power |y, [Al 8.08
Voltage , Max power V,,[V] 29.10
Temperature co-eff of V. (beta) -0.32%/°C
Temperature co-eff of I (alpha) 0.04% / °C
Temperature co-eff of power (gamma) -0.45% /°C
Normal operating cell temperature 45

A real solar cell can be characterized by the following generated current is 1=0. It reflects the voltage of the cell
fundamental parameters which are also sketched in model in the night and it can be mathematically expressed as:

in Fig. 1.2

a) Short circuit current Ic=lp,. It i; the greatest value of the Voc= ™ n (ﬂ) =V,In (ﬂ 1

current generated by a cell. It is produced under short q fo fo

circuit condition V=0. ETe )

b) Open circuit Voltage corresponding to the voltage drop Where V= — s known as thermal voltage and T is the
across the diode (p-n junction), when it is traversed by the ahsolute cell temperature.

photocurrent I, (namely Ip=ly,), namely when the
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The light generated current of the photovoltaic cell coefficient, Tge is the cell’s reference temperature, and the
depends linearly on the solar irradiation and is also solar insolation in kW/m?.[11]-[12].
influenced by the temperature according to the following

equations [10]: Veen = V. .CV 9
Ver=(T—-TY.p+1 2 Here V. is that constant voltage of the cell which is define
lop= Le-™Y g 3 during its fabrication and CV is that voltage which is
Ves= B iCS SS.).atl 4 obtained due to effect of temperature and irradiation. The

cs ™ P 1™ Sx)- & output of the models can be obtained on different
les = o 1 5 temperature and different irradiation value. The outputs of
CV =Vc7. Vs 6 simulated output are shown in the tables and graphs.
Cl = et . lgs 7 Fig 5.1 shows that when temperature 46.4°C and
loh =[lsc + Ki(T¢ - Trer) A 8 irradiation 1000 watt/m?, value of Iy is 110 A, Vi iS

903V and Ppnay is 100 KW .
where Isc is the cell’s short-circuit current at a 25°C and
1kW/m?, K, is the cell’s short-circuit current temperature
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When Temp 46.4 and Iradiation 1000 «10°
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Fig. 5.1 Variation of P, V & | at Temp 46.4 °C and Irradiation 1000 watt/m?

Fig 5.2 shows that when temperature 46.4°C and irradiation 600 watt/m?, value of Iy i 66.1 A, Vi is 1306V and
Pmax 1S 86.3 KW .

P-Vand IV cune
when Temp 46.4 and irr 600 x 10"
400 10
— PV
—
Pmax
200 5
X: 1306 \
Y:66.1 \
Imax/ \
0 0
0 200 400 600 800 1000 1200 / 1400 1600 1800

Vamx

Fig. 5.2 Variation of P, V & | at temp 46.4 °C and Irradiation 600 watt/m?

Fig 5.3 shows that when temperature 45 OC and irradiation 800 watt/m?, value of Iy is 88.1 A, Ve is 745.3V and
Pmax IS 65.6 KW .
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Fig. 5.3 Variation of P, V & | at Temp 45 °C and Irradiation 800 watt/m?

Fig 5.4 shows that when temperature 45 OC and irradiation 400 watt/m?, value of I,y iS 44 A, Vi is 973V and  Ppy i
42.8 kW .
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Fig. 5.4 Variation of P, V & | at Temp 45 °C and Irradiation 400 watt/m?

Fig 5.5 shows that when temperature 45 OC and irradiation 200 watt/m?, value of Iy i 22.1 A, Vs is 1015V and
Pmax IS 22.3 KW .
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— W
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Fig. 5.5 Variation of P, V & | at Temp 45 °C and Irradiation 200 watt/m?
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Fig 5.6 shows that when temperature 44°C and irradiation 1000 watt/m?, value of I,y is 110.2 A, Ve is 388.8V and
Pmax 1S 42.8 KW .
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Fig. 5.6 Variation of P, V & | at Temp 44 °C and Irradiation 1000 watt/m?

Fig 5.7 shows that when temperature 44°C and irradiation 800 watt/m?, value of I,y is 88.1 A, Vuy is 480.4V and
Prmax 1S 42.3 KW .
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Fig.5.7 Variation of P, V & | at Temp 44 °C and Irradiation 800 watt/m?

Fig 5.8 shows that when temperature 44 OC and irradiation 600 watt/m?, value of Iy iS 66.1 A, Vs is 562.5V and

Ponax iS 37.1 KW .
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Fig. 5.8 Variation of P, V & | at Temp 44 °C and Irradiation 600 watt/m?

Copyright to IJARCCE

DOI 10.17148/IJARCCE.2016.56145

661



ISSN (Online) 2278-1021

IJ A RCC E ISSN (Print) 2319 5940

International Journal of Advanced Research in Computer and Communication Engineering
Vol. 5, Issue 6, June 2016

Fig 5.9 shows that when temperature 44°C and irradiation 400 watt/m?, value of lyay is 44.6 A, Vi is 627.7V and
Prmax 1S 27.9 KW .

P-Vand |-V cune
when temp.44 and irr 400 X 104
400 ——1—T 4
H——PV
—
1
Pmax
>
£ 200 2
8

X:627.7
Y: 44.06

Imax J

0 0
0 100 200 300 400 500 600 700 800 900
Varray

Vmax

Fig. 5.9 Variation of P, V & | at Temp 44 °C and Irradiation 400 watt/m?

Fig 5.10 shows that when temperature 44°C and irradiation 200 watt/m?, value of sy i 22.03 A, Vi is 645.2V and
Pmax is 14.4 KW .
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Fig. 5.10 Variation of P, V & | at Temp 44 °C and Irradiation 200 watt/m?

Fig 5.11 shows that when temperature 43 OC and irradiation 800 watt/m?, value of Iy iS 88.1 A, Vi is 215.4V and
Prnax iS 18.9 KW .
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Fig. 5.12Variation of P, VV & | at Temp 43 °C and Irradiation 800 watt/m?

Fig 5.13 shows that when temperature 43 OC and irradiation 600 watt/m?, value of Iy is 66.1 A, Vinay is 252V and
Pmax 1S 16.6 KW.
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Fig. 5.13 Variation of P, V & I at Temp 43 °C and Irradiation 600 watt/m?

Fig 5.14 shows that when temperature 43°C and irradiation 400 watt/m?, value of Iy is 44.06 A, Vay is 281.4V and
Prmax 15 12.3 KW .
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Fig. 5.14 Variation of P, V & | at Temp 43 °C andwlrradiation 400 watt/ m?
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Fig 5.15 shows that when temperature 43°C and irradiation 200 watt/m?, value of lay i 22.03 A, Ve is 293.4V and
Pmax 15 6.6 KW .

The graph shows the variation of Power, Current and
voltage according to temperature and irradiation. The open
circuit VVoltage increase logarithmically with the ambient
irradiation, while the short circuit current is a linear
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Fig. 5.15 Variation of P, V & | at Temp 43 °C and Irradiation 200 watt/m?

function of the ambient irradiation. From the above

simulated

different voltage current,
irradiation and constant temp 46.4 °C

results,

Table 5.1 Maximum Power when Temperature 46.4°C

following data are predicted as
formulated below in the form of table: Variation of
and power dependent on

S. SET: 1 Vmax ( Model in Matlab) Imax(Model in Matlab) Pmax(Model in
NO Matlab)

1. Irradiance:200 watt/m? 1519 22.1 335

2. Irradiance:400 watt/m? 1458 44 64.1

3. Irradiance: 600 watt/m? 1306 66.1 86.3

4, Irradiance: 800 watt/m? 1116 88 98.2

5. Irradiation 1000 watt/m? 903 110 100

Now when Temperature 45°C

Table 5.2 Maximum Power when Temperature 45°C

S. SET: 1 Viax ( Model in Matlab) | I,.x(Model in Matlab) Pmax(Model in
NO Matlab)

1. Irradiance:200 watt/m? 1015 22.1 22.3

2. Irradiance:400 watt/m? 973 44 42.8

3. Irradiance: 600 watt/m” 872.6 66.1 57.6

4. Irradiance: 800 watt/m? 745.3 88.1 65.6

5. Irradiation 1000 watt/m* 551.3 1175 64.7

Now when Temperature 44°C

Table 5.3 Maximum Power when Temperature 44°C

S. SET: 1 Vmax ( Model in Imax(Model in Matlab) Pmax(Model in
NO Matlab) Matlab)

1. Irradiance:200 watt/m? 654.2 22.03 14.4

2. Irradiance:400 watt/m” 627.7 44.6 27.9

3. Irradiance: 600 watt/m® | 562.5 66.1 37.1

4. Irradiance: 800 watt/m® | 480.4 88.1 42.3

5. Irradiation 1000 watt/m” | 388.8 110.2 42.8
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Table 5.4 Maximum Power when Temperature 43°C

S.NO | SET: 1 Vmax( Model in Matlab) I max (Model in Matlab) Pmax(Model in Matlab)
1. Irradiance:200 watt/m? 293.4 22.03 6.6

2. Irradiance:400 watt/m? 281.4 44,06 12.3

3. Irradiance: 600 watt/m? 252 66.1 16.6

4, Irradiance: 800 watt/m? 215.4 88.1 18.9

5. Irradiation 1000 watt/m® | 174.3 110.2 19.2

IV. CONCLUSION

The performance of PV system is strongly dependant on
meteorological conditions such as shading, irradiance, PV

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

array surface temperature, etc. Therefore, the performance VIKRAM SOALR PANEL

Table 5.5 Comparison of data of VIKRAM SOLAR PANEL and Simulated result in MATLA

S. SET: 1 Temp Vmax (V) Vmax(v) Imax(A) Imax(A) Pmax(kW) Pmax(kW)
No. ‘c) (Vikram (Model in (Vikram (Model in | (Vikram (Model in
solar Panel) | Matlab) solar Panel) | Matlab) solar Panel) | Matlab)
1. Irradiance: 40 78 156 27 22 2.1 34
200 watt/m?
2. Irradiance: 43 167 2114 50 44.06 8.3 9.3
400 watt/m*
3. Irradiance: 45 767 872.6 70 66.1 53.2 57.6
600 watt/m*
4. Irradiance: 46 903 1116 88 88 79.4 98.2
800 watt/m?
5. Irradiation: 44 402 388.8 131 110.2 52.2 42.8
1000 watt/m*

A photovoltaic VIKRAM SOLAR PANEL has been
analyzed, installed at the BRCM College of Engineering
and Technology. It has been found that, on average, the
real power of the modules is 10% lower than the nominal
power given by the manufacturer. The mean daily energy
generated by our installation has been 60 kWh. They are
due, basically, to the strong dependence of the inverter
threshold losses on daily irradiation. Thus, on days with
low irradiation, the inverter is not able to make connection
with the grid. For analysis of the panel one Model is made
on MATLAB/SIMULINK. Then the data from the
manufacture sheet is applied on the model, the output are
then compared with realistic value of the VIKRAM
SOLAR PANEL. So from the Tables obtained we can see
that for a good efficiency Temperature must be 46.4°C and
Irradiation must be 1000 watt/m? . But when data is
collected from the VIKRAM SOLAR we obtain that it
reaches to maximum efficiency upto 79% even in most hot
day.
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