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Abstract — The proposed work proposes the design and simulation
based modelling of photovoltaic modules using maximum power
point tracking techniques. High initial investment and limited life
span of photovoltaic array makes it necessary for the user to
extract maximum power from the PV system. The efficiency of a
solar cell is very low and can be increased by using Maximum
Power Point Tracking (MPPT). This is a technique used to obtain
the maximum possible power from a varying source. The I-V
curve is non-linear, so it is difficult to power a certain load. This
is achieved by using a boost converter with variation of duty cycle
using a maximum power point tracking algorithm.

Index Terms — PV cell, modelling, MPPT, MATLAB-sinulink
model.

1. INTRODUCTION

A PV cell is a thin semiconductor wafer made of two layers
generally made of highly purified silicon. The layers have been
doped with boron on one side and phosphorous on the other
side, producing surplus of electrons on one side and a deficit of
electrons on the other side. When the wafer is bombarded by
sunlight, photons in the sunlight knock off some of excess
electrons; this makes a voltage difference between the two
sides as the excess electrons try to move to the deficit side.

Maximum Power Point Tracking regulates voltage & current
parameters to produce maximum power. Surplus power
obtained from the module is then used to charge battery.

2. RESEARCH OBJECTIVES

PV generation systems have two major problems - the
conversion efficiency in electric power generation is low under
low irradiation conditions, and the amount of electric power
generated by solar arrays changes continuously with weather
conditions. There is a point on the V-1 or V-P curve, called the
Maximum Power Point (MPP), at which the entire PV system
operates with maximum efficiency and produces its maximum
output power.

3. SOLAR CELL

A solar cell is an electrical device that converts the energy of
light directly into electricity by the photovoltaic effect. It is a
form of photoelectric cell which, when exposed to light,
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generate and constitute an electric current without being
attached to any external voltage source, but do require an
external load for power consumption.

Equivalent Circuit for a Photovoltaic Cell

A simplest equivalent circuit model for a photovoltaic cell
consists of a real diode in parallel with an ideal current source.
The magnitude of the ideal current source must be equal to
short-circuit current Isc.

Fig.1: Single diode model of a PV cell
The current equation for the PV cell is I=1Isc—1Id
()

The voltage current characteristics a diode is given by a
Shockley diode equation, hence

qvd
I =Isc —Id =Isc — lo(e4 T — 1) ()

Where

q = charge of an electron (1.6 x 10-9C);

K = Boltzman’s constant (1.38 x 10-23J/°K);
A = diode ideality factor (1.92);

T = cell temperature;

V4= Diode voltage
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The open circuit voltage Voc:

In these equations, Isc is directly proportional to solar
insolation.

A PV equivalent circuit includes some parallel leakage
resistance Rsh. The ideal current source ISC in this case
delivers current to the diode, the parallel resistance, and the
load:

V
I= (ISC—Id]—E (4)
So, at any given voltage, the parallel leakage resistance
100Voc
Rsh = o (5)

To analyze the impact of Rs, consider the original equivalent
circuit equation

avd
I =Isc —Id =1Isc—lo(ekT —1) (6)

and then add the impact of Rs

Vd =V + IRs (7) to give
_ _ giV+IR=) _
[ =lIsc—1Io {exp [—KI' ] 1} (8)
For a cell to have less than 1% losses due to series resistance,
0.01Vec
Rs < o 9)

Finally, we can write the following equation for current and
voltage:

I =lIsc — IQ{EXP[M] — 1}_
KT
V+LR=s

[Rsh]

(10)
Model of a PV Module :

If a solar cell type tends to have an |-V curve in which the slope
at short circuit is almost zero, the value of Rsy assumed to be
infinite .

q(¥+R=h
I =Isc—1Io (e AKT  — 1) (11)

where Isc is the short-circuit current.
Equation (11) is valid for a solar cell.

For the accurate application of this equation for a PV module,
the term of q(V + Rs I)/AKT is changed to q(V + Rs I)/NSAKT,
in which Ns is the number of series-connected solar cells in a
PV module.
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Then, (11) will become

g(V+R=l)
I =1Isc—1Io (e NsAKT — 1) (12)

When a PV module is in a open-circuit situation, 1 = 0 and the
item g/NSAKT in (12) will be solved as follows:
=e
g _ In I‘E-H'}
NsAKT Voc

(13)

where VOC is the open-circuit voltage of a PV module.
Substituting (13) into (12), we get

§ Asc (V+Rzl)
I = Isc f—"—"(e‘”'ﬂ"l} Voc —1)] (14)

Isc

Defining k = Isc/lo and simplifying (14), we get
V+Rsl

[ 1 —_—= 1
I =Isc _1 —;(k + 1) Ver +;] (15)

Normally, the value of k is very large because I is far less
than Isc.

Therefore

V+Rd
I =Isc(l—k Vo ) (16)

Under standard test condition (STC), which consists of a PV
module temperature of 25°C and an in-plane irradiance of 2000
W/m? with spectral distribution, (16) could be rewritten as
follows:

vref"'RSIre_f_l
Iref = Isc,r‘sf (1 - k?‘ﬂf vocrer ) an

Where

lret is the output current under STC,

Isc ref is the short circuit current under STC,

Vet is the output voltage under STC,

Vocret is the open-circuit voltage under STC, and
krer is the coefficient of k under STC.

Parameters at maximum output power point (MPP) under STC
could be given to solve the coefficient of Kyt

|-'”MPP_.—E-_.=+H“MPP ref Y

- Vocref / |I1 _ Iqpprer
?"E_f ﬁ'JI IS E‘_."E'f
(18)
where
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Vmperret IS the output voltage at MPP under STC and

Impp et IS the output current at MPP under STC.

The open-circuit voltage of the PV module has a negative
temperature coefficient and the output current of the PV
module has a characteristic of positive temperature coefficient.

It is clear that the output voltage and current of a PV module
change with irradiance . Hence, the effect of changes of
temperature and irradiance should be considered in the PV
module model. To achieve electrical characteristic of a PV
module in various temperature and irradiance, the
mathematical expressions for correction of current and voltage
are

k)
Isc = Isc,raf[1+'x (T - Trafj]_ (19)

—r"ref
5
Voc = Vg rer [1 + aing +5(T— T?,Ef:]}

(20)
where
T is the PV module temperature,
Trer is the reference PV module temperature under STC,
S is the in-plane solar irradiance,
Sret is the reference irradiance under STC,
o is the temperature coefficient of Isc,
S is the temperature coefficient of Voc, and
a is the irradiance correction factor of Voc.

The translation equations in this method are

Ize
I =1l -

o, ref

(21)

V= Vraf + [Voc - Vac,raf) + RE([raf - Ij

(22)

To simplify, (21) and (22) are substituted into (17) to get a new
expression of Iyt

[r’—[r’u:l:'+R.s.I,-E.fI—I'5‘"—

sorefl
Vac, ref

I 1—k

raf:[

soraf

raf

(23)

A PV module, TP240, produced by Tata Power Solar with 60
series-connected multi crystalline cells, is chosen to evaluate
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the proposed model. in this project. The electrical
characteristics specifications under STC and NOTC from
manufacturer are shown in Table | & Table Il respectively.

Nominal power output (W) 240
Module efficiency (%) 14.4
Voltage at Pmax, Vimrer (V) 29.7
Current at Pmax, Impp (A) 8.10
Open-circuit voltage Voc (V) 36.5
Short-circuit current Isc (A) 8.68

Table 1 : Electrical Parameters of PV module TP240 at
standard test conditions (STC).

Power output Pmax (W) 172.8
Voltage at Pmax , Vimep (V) 26.3
Current at Pmax , Imep (A) 6.58
Open-circuit voltage Voc (V) 32.5
Short-circuit current Isc (A) 7.17

Table 2 : Electrical parameters of PV module TP240 at
Nominal Operating Cell Temperature

The following formula can be obtained at MPP:

Iypp

al
av MPP Viep

(24)
On the other hand, the derivative of (16) with respect to V
brings

dl
gl 1+Rs— V4Bl

—_ = — dv oc 1
g Isc — kv Ink (25)

Equation (25) could be rewritten at MPP as follows:

dr
av ‘ MPP

di v
1+Rs|V=Vypp  _MPP+Rslypp

—Isc k Vac Ink
Voc
(26)
An expression of Rs obtained as follows:
Rs =
v IMePrefV ¥
i FEN Y pere MPP.re
MPPref+ L fﬂfff'?ef
Tep raf I o I (1=
Useref -tMPPrefyint ( F——
, Pappref
PP ref TMFPref

il

e ref-IMPPrefyIn (2 Iscref -

(27)

Rs of a PV module TP240 is 0.0605 Q by substituting the
parameters in Table | into (27) and the coefficient kref is
0.2198 by using (18). Rs is assumed to be a constant at its
reference value under STC , the irradiance correction factor for
selected PV module is 0.2433.
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By using data from datasheet, current, voltage and power for
PV module TP240 is calculated and studied for varying
temperature and irradiance as shown in Table 3 and Table 4.

T(C) (IZ‘; X‘j;' 1) | vy | Pow)
b5 | 694 | 3596 | 648 | 29.16 | 188.98
30 | 696 | 3543 | 649 | 28.63 | 185.92
35 | 697 | 3489 | 651 | 2809 | 182.85
w0 | 699 | 3436 | 652 | 27.56 | 179.77
45 | 701 | 3382 | 654 | 27.02 | 17666
so | 702 | 3320 | 655 | 2649 | 173.55
s | 710 | 3061 | 662 | 2381 | 15773

Table 3: Effect of variation in Temperature on PV module
output at irradiance of 800 W/m?

(W/S Ise 1 Voe oy vy | Pw)
my | A | W

1000 | 8.68 | 36.50 | 8.10 | 29.70 | 240.57
950 | 8.25 | 3638 | 7.70 | 29.58 | 227.59
900 | 7.81 | 36.25 | 7.29 | 29.45 | 214.67
850 | 7.38 | 36.11 | 6.89 | 29.31 | 201.79
800 | 6.94 | 3596 | 6.48 | 29.16 | 188.98
750 | 6.51 | 35.81 | 6.08 | 29.01 | 176.23
500 | 434 | 3483 | 405 | 28.03 | 113.53

Table 4: Effect of variation in irradiance on PV module output
at temperature of 25°C.

PV Module Model in MATLAB-Simulink

The block diagram of the MATLAB-Simulink-based PV
module model is shown in Fig. 2, The subsystem block in Fig.
3 will be a basic PV module mode of MATLAB-Simulink.
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Fig. 3: MATLAB Simulink based PV module subsystem
model

Fig. 4 shows the details of the screen shot of a MATLAB
Simulink PV module model.
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Fig. 4: Screen shot of a MATLAB Simulink PV module
model.

4. CONCLUSION

A mathematical model of a simple photovoltaic module model
is designed and a simulation of PV module using MPPT
technique using Perturb and Observe method is carried out and
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then results are compared for different irradiance conditions
and temperature changes according to weather change.

It is observed that Pereturb and Observe method can improve
the PV module efficiency by continuously keeping PV & IV
curve at its maximum power point. A MATLAB-Simulink
based PV module model includes a controlled current source.
Various PV module simulation can be be done by the Simulink
model, and parameters of irradiance and temperature of PV
module model can be set independently

A PV module electrical model is presented and demonstrated
in MATLAB for a typica TP240W solar PV module model.
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