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Abstract Energy production from solar panels is one of the fastest growing ways
of receiving environmental-friendly power. Energy saving is the biggest issue in
these days. Therefore, this paper presents a comparison of three different solar
panels made by companies from India, Canada and Poland to bring the power of the
sun to people in the most efficient and cost-effective way. For this comparison, the
number of cells and datasheets are given by the manufacturer. This paper presents
PV-cell-based circuit model equations, which define the model for estimating the
PV characteristic curves of photovoltaic panel with respect to changes on climate
parameters such as irradiance and temperature. In this paper, the MPPT (maximum
power point tracking) with DC–DC buck/boost converter is used to obtain
time-dependent graphs with the help of MATLAB simulation. The incremental
conductance (INC) and perturb and observe (P & O) methods are used to obtaining
the maximum efficiency of MPPT. The comparison results of these both methods
are also given in this paper.
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1 Introduction

Solar energy in its direct form is used to produce electricity by photovoltaic energy
and for the production of heat. Silicon-based semiconductor photoelectric cells are
characterized by high reliability and long service life [1]. Photovoltaic (PV) systems
directly change the energy of sunrays into electrical energy [2]. The photovoltaic
efficacy was discovered in 1954 [1]. After a long time, with many researches today,
solar cells are used to power calculators, watches and space satellites, etc. Solar
panel has a lot of advantages. From solar panel, electricity is produced directly
without any additional conversion, i.e., less loss [3]. There is energy efficiency in
the same regardless of the scale of production. Power is generated even during
cloudy weather with diffused light [4]. No harmful gases are produced during
electricity generation [5]. Solar panel required minimal effort for operation and
maintenance.

The disadvantage of photovoltaic cells is their cost and very low efficiency. Solar
energy is not 100% reliable. The easiest way to explain it is sun movement, i.e.,
when the sun is not lucent or cloudy time, energy generation is zero through PV
cells. Therefore, power production is generally influenced at the hours of darkness
and during wintry weather. This problem is short out with the help of battery
backup system, which accumulates the power to be used when the sun is going
down and not shining.

For the first time, the photovoltaic effect has been examined by A. C. Becquerel
in 1839. W. Adams and R. Day, 37 years later, observed this phenomenon at the
boundary of two solid bodies [6]. This crystal which releases paper was taken the
center of attention on the photovoltaic modules modeling with composition of
different cells. The MPPT charge controller ensures that the loads receive maximum
current to be used [7]. The maximum power point is obtained when the solar panel
operates, characteristic of a solar panel curvature is knee formed and the position at
which the maximum power is obtained, i.e., at MPP, the current and voltage values
are given own best output values [8]. The main paper objective is to compare the
solar systems of the different manufacturer panels with the help of MPPT algo-
rithms which are based on two different methods such as incremental conductance
(INC) and perturb and observe (P & O).

2 Ideal PV Cell Model

A photovoltaic cell is a semiconductor-based appliance that transforms sunlight and
reflections of illumination precisely into electricity by the photovoltaic effect. The
material from which most of the panels are made is silicon electrons [1]. In the ideal
photovoltaic cell, it is assumed that Rsh = Rs = 0 where Rs is the series resistance
which affects more accurate shape between open circuit voltage and MPP—max-
imum power point. Rsh is shunt resistance; this one corresponds to leakage current
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to the ground. Figure 1 shows the circuit diagram of PV cell. Appropriate equations
to describe and define the model of PV cell are presented below:
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where the series resistance is represented by Rs, the photo-current value is denoted
by Iph, the reverse saturation current of diode is represented by Is, the output voltage
is denoted by Voc, the parallel resistance is denoted by Rp symbol, k is Boltzmann’s
constant (=1.38064852 � 10–23 J/K) and the charges on electron is symbolized by
q. Using Eqs. (1)–(8), the solar panel module is formed. Figure 2 shows the basic
I–V characteristic of the photovoltaic solar cell. In this figure, the total current (I) in
the cell is the combination of the generated current (Ipv) by light and the current (Id)
in the diode.

The atmospheric conditions are very important for the operation of photovoltaic
cells, which determine the changes in sunlight and the working temperature of the

Fig. 1 The circuit of platonic
photovoltaic cell using a
single diode
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cell. Thus, they influence the shape of the current–voltage curve. Key influences on
the work of photovoltaic cells are atmospheric changing, which determine sunshine
changes and temperature of work.

Figure 3 shows the I–V characteristics based on Canadian 72 cells solar panel
datasheet CS6K-280M. This figure also shows the MPPT location. In the first graph
(in Fig. 3), maximum power point should be at the point where the graph falls, i.e.,
the voltage is around 75 V, and current is 27.5 A at maximum power point.
Therefore, from Fig. 4, two more remarkable points are observed: short circuit
(0 V, 27.5 A) and open circuit (75 V, 0 A).

3 Maximum Power Point Tracking

MPPT is an higher power point tracking system, which one can increase the amount
of energy obtained by up to 20% (in relation to the inverter without MPPT) [9].
This point changes primarily in shading of modules. All modern inverters have at
least one arrangement like that. Photovoltaic modules do not have a single

Fig. 2 I–V characteristic curve of the photovoltaic cell

Fig. 3 Characteristic I–V curve of the CS6K-280M PV cell
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maximum power point (MPP). It changes according to the intensity of radiation and
temperature, because the shape of the power characteristic changes as the function
of voltage changes. The purpose of the MPPT is to “track” this point and to adapt as
fast as possible to the new value. In fact, the efficiency and speed of the MPPT
system guarantee the highest values of processed energy of solar panel.

3.1 Efficient MPPT Commands Algorithms

There are three basic and most used types of maximum power point tracking: hill
climbing, perturb and observe and incremental conductance. The problem of local
maximum comes in the hill-climbing method [9, 10]. Therefore, in this paper,
perturb and observe and incremental conductance methods are used for comparison.

3.2 Perturb and Observe Command Principle

One of the most frequently used algorithms for finding the maximum working point
(MPP) is used to find the optional voltage: the perturb and observe (PO) algorithm.
This method is nowadays widely used because of its ease of implementation. This
algorithm consists in small periodic increases or decreases in voltage and then
compares the power delivered at a given moment and the power delivered before
the voltage change. On the basis of the power comparison, another value of the
voltage increases and its sign is determined. The process of perturb and observe
algorithm is explained clearly in Fig. 4.

3.3 Incremental Conductance

This method is based on the principle of impedance matching. Here, power con-
trolling is used to match the internal resistance of the PV module to the input
resistance of the converter. The incremental conductance method utilizes the two
sensors for the current and voltage measurement to impression the voltage and
current outcomes of the photovoltaic array.

From Fig. 5, we can say that incremental conductance method gives greater
accuracy than the P & O method under very drastically changing conditions and
provides a local maximum MPP. But the weakness of this technique is the greater
number of calculations compared to the P & O method. Figure 6 presents a
flowchart of incremental conductance algorithm method for solar panel model
tracking MPP.

Photovoltaic Module Designing with Comparison of Different … 125



4 Simulation Results of Solar System

The model that is devoted to this paper is the design of solar panels enriched with
the maximum power point tracking system and DC-to-DC-type converter, which is
also called Buck–Boost. This solar system has three components: active switch,

Fig. 5 Characteristic P–V curve of the CS6K-280M PV cell CANADA

Fig. 4 Flowchart for perturb and observe algorithm
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passive switch and inductor. The main task of the converter is buck—means
decrease the voltage, and boost—means increase the voltage, relative to the input
voltage. In Fig. 7, based on PV system, two different methods (perturb and observe
and incremental conductance) are used for making the maximum power point
tracking (MPPT) block.

For simulation results, two types of solar panel (CS6K-280M & PVMU60-210)
are used in the PV system model. Figure 8 shows the voltage, power and current
graphs with solar panel CS6K-280M model. Figure 9 shows the voltage, power and
current graphs with solar panel PVMU60-210 model. Results of Figs. 8 and 9 are
obtained with the help of incremental conductance topology. Figures 10 and 11 are
obtained with the help of perturb and observe method with solar panel models
CS6K-280M & PVMU60-210, respectively. These results are given in
Tables 1 and 2.

Fig. 6 Flowchart for incremental conductance algorithm
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5 Conclusion

This paper covered the incremental conductance and perturb & observe-based
MPPT algorithms. The modeling and simulations of these methods have been
introduced and done in MATLAB/Simulink. From the simulation results, we can
state that the tracking speed of INC method is faster compared to P & O method.

Fig. 7 Simulink model of PV system with MPPT

Fig. 8 Voltage, power and current versus time graphs with solar panel CS6K-280M model using
incremental conductance method
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Fig. 9 Voltage, power and current versus time graphs with solar panel PVMU60-210 model using
incremental conductance method

Fig. 10 Voltage, power and current versus time graphs with solar panel CS6K-280M model using
perturb and observe method
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It is also found that in perturb and observe algorithm, the number of component
used is less as compared to INC algorithm. In this paper, MPPT technique is used to
achieve high efficiency. Complexity of P & O method implementation is low.
The INC method is more complex. Therefore, the major disadvantage of the INC
method is a long calculation time because of much more complicated structure.
From simulation outcomes, another important aspect is the power achieved by the P

Fig. 11 Voltage, power and current versus time graphs with solar panel PVMU60-210 model
using perturb and observe method

Table 1 Outcomes of solar
panel using incremental
conductance tracking method

Country Canada Canada Canada

Constant 1000 800 600

Current (nA) 20.11 21.68 23.12

Voltage (V) 10.08 10.87 11.6

Power (nW) 2.027 2.357 2.682

Country Poland Poland Poland

Constant 1000 800 600

Current (nA) 971.3 10.64 11.56

Voltage (V) 4.843 5.306 5.765

Power (nW) 47.04 56.46 66.64
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& O method which is much larger than that obtained with INC method. Finally, by
comparing both methods, we can say that the perturb and observe method-based
MPPT tracking is definitely better.
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