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Abstract- Renewable energy is considered as next alternative
to fossil fuels and nowadays, it attracts much attention in
agriculture and environmental protection. Application of solar
photovoltaic system is drying and dehydration of products,
heating, irrigation, greenhouse and power generation etc.
Temperature and sun radiation varies nonlinearly. Power
generation varies with reference to radiation and temperature
in photo-voltaic (PV) system. PV characteristic is nonlinear
and PV cell is the basic unit for electricity generation. To get
the characteristic response of PV, it aimed to develop a solar
cell/panel model and array on a platform like MATLAB. In
this paper, step by step procedure has been defined for
modelling solar cell, module, and array models of the
photovoltaic system. The PV array characteristic are
simulated for different irradiance and temperature variation.
The output characteristic of the reference model matches with
simulated results. The output reduced when the solar
irradiation reduced from 1000 to 200 W/m2. As the reference
temperature increased, the output voltage increase, whereas
the output current increases slightly. This model would be
useful for check the effect of different parameters like series
resistance, shunt resistance etc. It would also be useful for
investigating the working parameters like temperature &
radiation condition and different series and parallel
combinations of panels. This modelling is useful in
investigating the performance of solar arrays in different
applications of solar power generation, as well as modelling
provides a major role in the mounting of PV panels

Keywords- Photovoltaic system, MATLAB, irradiance, solar
arrays.

I. INTRODUCTION

So as to realize the influence of the solar energy the
project starts to describe the energy situation nowadays.
Energy is an issue that touches every person on the planet. At
present in the world, especially in industrialized and emergent
countries, energy has become vital for all the human beings.
Accordingly the energy demand has been increasing
dramatically in the last years.
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Because of the greenhouse effect, environmental
impact and the increasing cost of the fossil fuel-based energy
sources, much more energy usage from renewable sources and
more efficient utilization of conventional sources is becoming
to be indispensable. The World Resource Institute estimates
that 61.4% of global greenhouse emissions come from energy
consumption. Thereby a solution that reduces these pollutants
should include investment in the fields of renewable sources
and energy efficiency in order to allow energy to play its role
in the economy without endangering the environment. [1]

The increasing of the electricity price and the increasing of the
environmental impact the world is suffering, solar energy may
be considerably accepted one of the key solutions.

Solar energy is radiant light and heat coming from
the solar radiation. It is a renewable source since the methods
used to transform the solar energy into electricity don’t
produce any smoke or pollutants. However since the power
generated by this source comes from the sunlight, it cannot be
used during the night, and even during some days when the
weather is completely cloudy, rainy, snowy or another natural
factors. Solar energy can mainly be divided in two mainly
sources; it can be exploited through the solar thermal and solar
photovoltaic (PV) routes for various applications. The
research has been focused on photovoltaics within the solar
energy.

Solar photovoltaic modules are manufactured by
semiconductor materials and they turn the radiant energy
coming from the sun into direct current and therefore,
electricity. The competitiveness of this field is increasing; in
2013, for the first time in more than a decade, solar was over
all other renewable energy technologies in the sense of new
generating capacity installed with an increase of 29 percent
compared with 2012. [2] .Worldwide total PV installations
represented 1.8 GW in 2000 and 71.1 GW in 2011 with a
growth rate of 44%. [3].

This has led to a situation where the electricity from

solar panels costs as much or is even cheaper than electricity
purchased from the grid is within reach.
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Nonetheless, solar power generation has still some
problems as follows: the conversion efficiency of solar cells is
lower, and the output power of photovoltaic (PV) array has
great relationship with irradiation and temperature.[4]
Regardless the problems described above, one of the most
important and critical problems on the photovoltaics field is
the shadowing effect. Shaded conditions is sometimes
inevitable because some parts of the photovoltaic system
receives less intensity of sunlight due to several factors such
as clouds, the time of the day, the season of the year or even
shadows from neighbouring objects.[5] When the light is
falling on a solar cell, it behaves as the following formula
(1.1), obtained from the Ideal Diode Law [6]:

L=1-1 [g.rp (:\_LT) - 1] (1.2)

Where IL is the light-generated current, I1 s the
current,lo is the current when no light is falling on the cell: it
increases as T increases, and it increases as material quality
increases, q is the charge on an electron k is Boltzmann’s
constant, T is absolute temperature, a is the ideality factor
(between 1 and 2). It increases as the current decreases.

The characteristic curve represent all of the
combinations of current and voltage at which the module or
cell can be operated or loaded. Normally simple in shape,
these curves actually provide the most complete measure of
the health and capacity of a PV module or array, providing
much more information than traditional electrical test methods
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Here two different parameters have to be introduced:

e Short circuit current Isc : Is the maximum current,
given when voltage is 0.

e Open circuit voltage Voc: Is the maximum voltage,
given at zero current.

Page | 176

ISSN [ONLINE]: 2395-1052

There is also a relevant point, MPP is the maximum
power point, therefore the point where the product of
Vmp*Imp is at its maximum value.

Another important parameter is the fill factor (FF) is
the ratio between Pmax and Isc*Voc. It gives an information
about the quality of the solar cell, if it increases so do the
quality of the solar cell.

Il. METHODOLOGY

The equivalent circuit of a PV cell is shown in Fig.2.
The current source Iph represents the cell photocurrent. Rsh
and Rs are the intrinsic shunt and series resistances of the cell,
respectively. Usually the value of Rsh is very large and that of
Rs is very small, hence they may be neglected to simplify the
analysis (Pandiarajan and Muthu 2011). Practically, PV cells
are grouped in larger units called PV modules and these
modules are connected in series or parallel to create PV arrays
which are used to generate electricity in PV generation
systems. The equivalent circuit for PV array is shown in Fig.
3. The voltage—current characteristic equation of a solar cell is
provided as (Tu and Su 2008; Salmi et al. 2012): Module
photo-current Iph: Here, Iph: photo-current (A); Isc: short
circuit current (A) ; Ki: short-circuit current of cell at 25 °C
and 1000 W/m%T: operating temperature (K); Ir: solar
irradiation (W/m?).Module reverse saturation current Irs:Here,
q: electron charge, = 1.6 x 10—19C; Voc: open circuit voltage
(V); Ns: number of cells connected in series; n: the ideality

factor of the diode; k: Boltzmann’s constant, = 1.3805 x
10-23 J/K.
R
A I
Ip Ish +
Iph <1> Rop v
0

Fig. 2. PV cell equivalent circuit [19]
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Fig. 3. Equivalent circuit of solar array[22]
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The module saturation current
temperature, which is given by:

=1 e [ 2)

lo varies with the cell

—~ ] (2.1)
_:_'+:xn_;.-'l’.=
I'= Ny x Iy — N, ><*-’r:'>’:l”‘UJW_ l]_ISh (2.2)
with
1-";: q (23)
and
[ o DXNsiNptIxRs
L Ayl (24)

Here: Np: number of PV modules connected in parallel; Rs:
series resistance (Q); Rsh: shunt resistance (Q);Vt: diode
thermal voltage (V).
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Fig. 4:Solar Cell modeling block
Reference model
The 400 W solar power array is taken as the

reference module for simulation and the detailed parameters of
array is given in Table 1.
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Table 1 Electrical characteristics data of DS-400W PV
array

NAME Value
Fated power {Vmp) 400W

Voltage at maximum power (Vmp) | ISV

Currant at maximum power (Imp) | 3.33A
Opean circnit voltage (V) JIEV
Short circnit current (1) 6.11A

Total numbar of calls in pamll=l {H) [ 36
Maximum svstem veoltage 1

1000

Fangs of operation temperatura

Step by step procedure for modeling of photovoltaic arrays
with tags:

A mathematical model of PV array including
fundamental components of diode, current source, series
resistor and parallel resistor is modeled with Tags in Simulink
environment (http://mathwork.com). The simulation of solar
module is based on equations given in the section above and
done in the following steps.

Step 1. Provide input parameters for modeling: Tr is

reference temperature = 298.15 K;nis ideality factor = 1.2; k
is Boltzmann constant = 1.3805x10% J/K; q is electron charge

= 1.6 x 10" I is PV module short circuit current at 25 "C
and 1000 W/m? = 6.11 A; Voc is PV module open circuit

voltage at 25 “C and 1000 W/m? = 0.6 V; Eqo is the band gap
energy for silicon = 1.1 eV. Rs is series resistor, normally the
value of this one is very small = 0.008Q; Rs is shunt resistor,
the value of this is so large = 1000 Q .

Step 2 : Modelling of Ipn(Module photocurrent):Module
photon-current is given in Eq. (2.5) and modeled as Fig.5 (I
= 1000 W/m?). Initially, in system block, degree Celsius
temperature(operating temperature) was converted into degree
Kelvin and then given to subsystem. As per Eq.2.5, Ipn was
photocurrent and modelled in MATLAB as shown below
where its subsystem was also shown and all parameters were
defined say Ipn (photo current), Isc (short circuit current of
module), K; (Solar cell temperature coefficient of the short-
circuit current (in °K or °C), Ti (operating temperature), Ir
(solar irradiance). Modeling was shown in Fig.3.4.

Iy = I + K (T; — 273)] x I, /1000 2.5)
Step 3: Modelling of Isn (Module shunt saturation
current):Module shunt saturation current was modeled in
MATLAB as shown in Fig. 6. .As per Eq.2.6, where and value
were given for panel and array modeling and V was open

www.ijsart.com



IJSART - Volume 8 Issue 5 — MAY 2022

circuit volt-age so it was same as Voc say 21.6 V and Rs and
Rsn represent the series and parallel resistances of the cell.
Modeling was very simple just using adder, multiplier and
divider blocks its shows in equation (2.6)

I_"l"-'r_l"l P
¥l oI
— P

I. =
= Rt (2.6)

Step 4: Modeling of Irs (Module reverse saturation
current): Module reverse saturation current was modelled in
MATLAB as shown in Fig. 6 as per Eq.2.7 where different
constants are taken as k: Boltzmann's constant 1.380658x102

JIK q: electron charge 1.60217733x10-1°°C etc.

_ gl i
Tog=1Igf [Exp ().’_.,.F;r!’.") J‘] 2.7)
Step 5: Modeling of lo (Module saturation
current):Modeling of module saturation current was modeled

in MATLAB as shown in Fig.7 .

_ T1? gxEgn f1 L
Iy=1I, L_I_] exp [ i {T T j] (2.8)
Modelling of saturation current was done as per
Eq.3.8, whose parameters were Irs: Module reverse saturation
current; Tgr: Solar cell absolute reference temperature at STC,

in K; T: absolute operating temperature of solar cell, in K;

q:Electron charge, 1.60217733¢*® Cb; k Boltzmann’s
constant; 1.3806503x102° J/K and the ideality factor
Modified.

Step 6 : Modelling of I(Module output current):

The modelling of module output current is given in
Fig. 9.Complete simulation model with step 1 to step 5 .Step 1
to step 4 was done and combine together in step 5 as per
Eq.2.9 complete block schematic is shown in Fig. 3.8. The
solar PV array includes six modules and each module has 36
solar cells connected in series. Therefore, the proposed model
of solar PV array is given in Fig. 3.11.

o Rs Ny
exp [B—— | —1[ -1,
(2.9)

nx¥

I=1nlrp*.:_ph_1.hirp *ID*
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Fig. 10. Simulation model of solar PV cell
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Fig. 11 Simulation model of solar PV module
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Fig. 12 Simulation model of solar PV Array
I1l. RESULTS AND DISCUSSION

(i) 1-V and P-V characteristics for the PV array under variable
temperature and fix irradiation are obtained as in Fig.13 and
Fig.14. Here reference temperature variations are 5°C, 10°C,
15°C 20°C, 25°C at 1000W/m? irradiance. Here, the reference
temperature varies from then output current increases as well
as output power increases.
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Fig. 13 I-V characteristic of solar PV system Modelling with
different reference Temperature

P_V Characteristics curve for different temperature(5 °c,10°C, 15 °c 20 °C and 25 °c)
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Fig. 14 P-V characteristic of solar PV system Modelling with
different reference Temperature

(ii) 1=V and P-V characteristics for PV array under varying
irradiation of 200W/m2?, 400W/m?, 600W/m?, 800W/m?,
1000W/m? with constant temperature say 25°C are given in
Fig. 15 and Fig. 16. When the irradiation increases, the current
and voltage output increase. This results in rise in power
output in this operating condition.

-V Characteristics curve for different iradiance (200W/m? 400Wim?, 600Wim® 800 Wim?’. 1000W/m?)
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Fig. 15 I-V characteristic of solar PV system Modelling with
different irradiance.
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P-V Characteristics curve for different irradiance(200W/m?, 400W/m?, 600W/m?, 800 W/m?, 1000W/im°)
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Fig. 16 P-V characteristics of solar PV system Modelling with
different irradiance

(iii) 1-V and P-V characteristics for different series resistance
are shown in Fig. 17 & Fig. 18.When increase the series
resistance then output power decreases.

I-V Characteristics curve for different series resistance
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Fig. 17 1-V characteristics of solar PV system Modelling

with different series resistance

P-V Characteristics curve for different series resistance
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Fig. 18 P-V characteristics of solar PV system Modelling with
different series resistance

(iv) 1-V and P-V characteristics for different shunt resistance
are shown in Fig. 19 & Fig. 20.When we increase the shunt
resistance there is no effect come out in the output current and
power. P-V characteristics under varying shunt/parallel
resistance Rsh, constant temperature and irradiation are shown
in Fig. 19.When R, varies between 1000 and 1 Q, the current
output, voltage and output power decreases.
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-V Characteristics curve for different shunt resistance
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Fig. 19 I-V characteristics of solar PV system Modelling with
different shunt resistance.

P-V Characteristics curve for different shunt resistance
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Fig. 20 P-V characteristics of solar PV system Modelling with
different shunt resistance

P-V/ Characteristics curve for different shunt resistance
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Fig. 21 P-V characteristics of solar PV system Modelling with
10000hm and 1ohm shunt resistance

This MATLAB/Simulink model is a dynamic model
for any solar array modelling. This modelling helps to
understand the the 1-V and P-V operating principles and tool
for predicting the behaviour of PV array under any variable
environmental condition as well as variable parameters like
series resistance, shunt resistance, ideality factor, operating
temperature etc.
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IVV. CONCLUSION

Stepwise procedure for modelling solar array in
MATLAB with user-friendly stimulation tool is shown in each
step, which will help further modelling the solar system and |-
V & P-V characteristic. So that any system behaviour can be
predicted for any number of cell, panel, or array under any
variable of environmental condition like temperature,
irradiance, series re-sistance, shunt resistance, etc. The present
model is the dynamic model for further modelling solar PV
systems using the maximum power point tracking technique
and its performance analysis for power generation application
in a solar PV system.
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