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Abstract- In this paper an approach to model different types of PV modules using single diode model is presented. The
proposed method utilizes the characteristics of diode ideality factor, shunt resistance and series resistance independently for
developing accurate solar PV model. Apart from this, the proposed model utilizes experimental values obtained from the solar
array simulator for implementing the proposed approach. The procedure mainly focuses on developing an accurate method for
thin film solar modules using a simplified approach. The model is implemented in MATLAB and is validated with existing
model and experimental values obtained from solar array simulator.
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1. Introduction

Photovoltaic (PV) models are being developed in order to
predict the performance of PV sources in different operating
conditions. There are many models in the literature. Among
them, single diode model and two diode model are widely
adopted [1]. Commercially three types of PV modules are
widely used. They are mono-crystalline silicon modules,
polycrystalline silicon modules and thin film modules. The
accuracy among the three types varies in a decreasing order
from former to latter [2].

There are many methods presented in the literature for
modelling PV systems. A comprehensive review of all
modelling techniques is presented in [3]. Most of the models
presented in the literature are aimed at modelling mono-
crystalline and poly-crystalline PV modules using different
techniques.

For instance, the models proposed in [2], presents a
power matching algorithm for a single diode model by
varying the value of series resistance and parallel resistance
simultaneously for accurately fitting the characteristic curve
at standard test conditions. The diode ideality factor is
arbitrarily chosen. This concept is extended to two-diode
model in [4]. There are many other models presented in the
literature that use conventional methods based on datasheet

parameters for modelling PV modules. All these models
predict the characteristics accurately for mono-crystalline
and poly-crystalline modules. However, they fail to
accurately predict the characteristics of thin film solar cells.

There are other methods presented in literature which are
based on optimization techniques and soft computing
techniques. Even though these methods envisage the
behavior of PV modules accurately, they are highly complex.
The authors in [5] presented an approach of modelling PV
modules for amorphous silicon solar cells. In this an
improved single diode model with two additional parameters
are used, thereby increasing the number of computational
parameters to seven.

This paper mainly focuses on developing an accurate
model for different types of solar modules. Mainly the
proposed model is developed to increase the accuracy of thin
film modules. The proposed model utilizes the experimental
values and the effect of equivalent circuit parameters viz.,
diode ideality factor, series resistance and parallel resistance
on characteristic curve. The model is implemented in
MATLAB and is verified using the experimental results
taken from solar array simulator and verified with one of the
existing model in the literature.
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The paper is organized as follows: section 2 explains
about the PV modelling procedure, section 3 presents the
results and discussions. Conclusions are drawn in section 4.

2. PV Modelling

The most widely adopted single diode model is used to
model solar PV module. It is presented in fig.1. The
parameters to be computed are photovoltaic current (lpn),
reverse saturation current of diode D (lo), series resistance
(Rs), parallel resistance (Ry) and ideality factor of diode D

(a).

(D)

Fig. 1.Single Diode Model

Applying KCL to fig.1, eq. (1) is obtained.
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Substituting V=0 in eq. (1), open circuit condition is obtained
and is presented in eq. (2).
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Similarly substituting 1=0 in equation (1), short
circuit condition is obtained and is present in eq. 3 [6].
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where V is the output voltage of PV module, I is the output
current of PV module, Vo is open circuit voltage, lsc is short
circuit current, q is electron charge, k is Boltzmann
constant, Ns is number of cells connected in series in a
module and T is module temperature.

Since the proposed approach is based on variation of the
three equivalent circuit parameters (Rs, Rp and a)
sequentially, the effects of these parameters on I-V
characteristics are initially studied. Based on this, a
procedure is developed to accurately predict the output
characteristics of PV module.

2.1 Effect of Variation of Parameters on |-V Curve

The effect of variation of R; when other equivalent
circuit parameters are held constant is presented in fig. 2. The

fill factor of the predicted curve increases with decrease in
value of Rs. Moreover, the value of Rs significantly affects
the region between open circuit point and maximum power
point (voltage source region) and it is termed as region R1.
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Fig. 2.Effect of R variation on I-V curve

When parallel resistance is varied maintaining other
parameters constant, variation is more in the region between
short circuit point and maximum power point (current source
region). This region is termed as R2. The fill factor of the
predicted curve increases with decrease in value of Rp. It can

be observed from fig. 3.
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Fig. 3.Effect of R, variation on I-V curve

There is an increase in the value of fill factor with
the increase in value of diode ideality factor. The variation of
awhen other parameters are maintained constant is presented
in fig. 4. The sensitivity of characteristics with respect to
diode ideality factor is more around the maximum power
point and voltage source region. This region is termed as
re%igon R3.
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Fig. 4.Effect of a variation on |-V curve

2.2 Proposed Model

Initially the module parameters are initialized.
These specifications are obtained from solar array simulator
[7]. The experimental values of V and | that are used for
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modelling solar module are taken from solar array simulator
using rheostat as shown in fig. 5. Initial value of a is
assumed unity. The initial value of parallel resistance is
obtained using eq. (4) [2].

v Voo ~Vimp

mp _ Yocn - (4)

Fig. 5.Solar array simulator with resistive load

The entire experimental data of the curve is divided
into three regions: R1, R2, R3. R1 covers the region of the
curve from maximum power point to open circuit point. This
region is for calculating the value of Rs. R2 covers the region
of the curve from short circuit point to maximum power
point.  This region is for calculating the value of Ryp. R3
covers the region of the curve around MPP and region R1.
This region is for calculating the value of a.

With the initial values of R, and a and Rs is incremented first.
The iterations are continued until error in region R1 is less
than pre-specified tolerance limit. After the value of Rs is
obtained the value, Ry, is calculated in similar manner. Then
the values of a and Ry are varied simultaneously until the
error in the region R3 is less than pre-specified tolerance
limit. Once the best fit is obtained with the values of a, R
and Ry, the values of Iyn and 1, are calculated using eq. (2)
and eqg. (3). The flowchart of the proposed model is presented
in fig. 6.

3. Results and Discussions

The proposed model is verified with the experimental results
obtained form solar array simulator. Two modules are
considered for validating the proposed model: Solarax and
Sanyo. Solarax is thin film solar module and Sanyo is the
mono-crystalline model. The specifications of PV module are
taken from solar array simulator using a rheostat load and are
presented in table I.

Table |

Module Parameters
Parameters | Solarax_41W | Sanyo_214W
Isc (A) 3.363 4.39
Vo (V) 21.11 62.9
Imp (A) 2.6778 4.029
Vinp (V) 15.288 52.9
Pmp (W) 40.93 213.13

Initialize module parameters and other constants
Initialize experimental values
Calculate initial values of R, and a

v

Select the regions R1, R2, R3 for

calculating the values of Rs, Ry, a
respectively

'

Increment Rs by making other
parameters constant

Error (R1) >
tolerance limit

o
Increment R, by making other
parameters constant

Yes A

Error (R2) >
tolerance limit

Increment (&, Rs) simultaneously by making
other parameters constant until the best fit is
obatined Yes Ar

Error (R3) > tolerance
limit

With the obtained values of (a, Rs and
Rp) calculate the values of Iy, and I,

Fig. 6.Flowchart of the proposed Model

3.1 Case 1: Validataion of Thin film module (Solarax)

A comparision is made between proposed model and
existing model [2]. The equivalent circuit parameters
calculated from the proposed and existing model [2] are
presented in table II.
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Table 11

Equivalent Circuit Parameters of Solarax Module
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Fig. 9.Absolute Error of Solarax Module

Table 111
Equivalent Circuit Parameters of Sanyo Module

Parameters EX'St"Eg]MOdEI Proposed Model
lon (A) 3.5087 3.377
I (A) 33472 x 100 9.5 % 10*
Rs(Q) 1.18 0.491
Ro(Q) 27.22 125.437
a 1 2.81
35 T T T
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Fig. 7.1-V Curve of Solarax Module
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Fig. 8.P-V Curve of Solarax Module

Fig. 7 compares the I-V characteristics of proposed
model with existing model [2] and the experimental values.
Although the results obtained from the proposed model and
existing model are closely matching the experimental results
in voltage source region, the proposed model outperforms the
existing model in current source region. This is also evident
from the P-V curves presented in fig. 8.

Absolute error is the difference between measured
value and simulated value. Absolute errors of both the
models are presented in fig. 9. It is evident that the proposed
model is providing better result in many cases. The accuracy
of [2] is more at Vmp because the power matching algorithm
used in [2] checks the condition at maximum power. For rest
of the region, the accuracy of [2] is less.

3.2 Case 2: Validation of mono-crystalline module (Sanyo)

The module presented in [2] works accurately for mono-
crystalline and poly-crystalline modules. But for some of
these modules the methods diverge. Table Il shows the
equivalent circuit parameters of Sanyo PV module. In this
the module diverges upon reaching the Rs=0.005 Q. But the
proposed model accurately finds the characteristics for this
module.

Existing Model Proposed
Parameters 2] Model
Ioh (A) 4.39006 4.3918
o (A) 1.252 x 107 1.266 x 107
Rs () 0.005 0.467
Rp(Q) 620.991 1088.95
a 1.12 1.12
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Fig. 10. I-V curve of Sanyo Module

Fig. 10 shows the I-V characteristics of Sanyo PV
module. It is evident that the proposed model matches
accurately with the experimental data compared to existing
model [2]. Corresponding P-V characteristics are presented
in fig. 11.
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Fig. 11. P-V curve of Sanyo Model

The absolute errors of both the existing model and
the proposed model are presented in fig. 12. Since the value
of Rs is very less a huge error is found in the region R1 of the
existing model [2]. But the error is comparatively much less
in the proposed model.
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Fig. 12. Absolute Error of Sanyo Model
4. Conclusion

A method to model PV module of different kinds is
presented using a single diode model. The proposed model
used the characteristics of diode ideality factor, series
resistance and parallel resistance to model PV module.
Experimental values are used for modelling the proposed
approach. The experimental values are divided into three
regions based on the sensitivities of diode ideality factor,
series resistance and parallel resistance on characteristic
curves. An iterative process is followed by varying the value
of the three parameters sequentially. The proposed model is
validated with the existing model and the experimental data.
Solar array simulator is used to get the experimental data.
The proposed model is giving better results than existing
model in most of the cases.
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