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Abstract- This paper represents an improved graphic interface dedicated to the energy and 
economic dimensioning in photovoltaic systems connected to electrical networks. In this context, 
the tool used in this work is "SOPVSplus", which is developed and designed using 
Matlab/Simulink. The used tool allows a best comfortable and easy usage for the PV panel eco-
energetic evaluation and design. Through a guided dimensioning methodology, it provides a 
choice range wide of PV systems components. In order to satisfy the demanded of the electrical 
power by the load, this tool enables the calculation of the used number of PV modules, solar 
inverters and several electrical quantities. Furthermore, this used tool presents a recent 
equipment’s for the system realization including the all-technical characteristics, the watt-peak 
cost and the expense of the system installation fees. According to this, the balance at the level 
economics and energy of the sized PV systems automatically will be generated. Finally, this 
software tool has been implemented in the used software in order to popularize PV systems 
because of its ease and flexibility of use and interactive of graphical interface. 

Keywords: Graphic interface, SOPVSplus, PV panel eco-energetic, Flexibility, Interactive. 

1. INTRODUCTION 

In the order of limitation and problems created by energy resources (natural gas, coal, and 
oil, ...) on our environment, the appearance of new energy recovery techniques has attained 
a lot of interest in the literature [1, 2]. With the advent of new energy recovery techniques, 
the use of environmental energy goes to extract the desired energy for different industrial 
applications [3]. Taking into account the batteries lifetime limited and their replacement 
challenge, the applications of self-powered using recovery energy of type ambient have 
been attracted by several researchers [4, 5]. Furthermore, suitable energy sources for energy 
recovery include vibratory, thermal, solar and biofuel sources. These examples of energy 
sources can be replace the batteries in order to avoid the lifetime limitation without the 
requirement of their replacing in the situations of stringent [3]. Nowadays, the energy of 
photovoltaic is the most common renewable energy sources of type DC with an annual rate 
of growth equal to 42 % from 2000 to 2015 [6]. Moreover, it can be underlined that, the PV 
energy has already occupy an important place in distinct industrial applications such as 
unmanned and manned vehicles and wearable technology [7-12]. 

The using diversity of the PV energy is due to statistics proclaiming and geological 
estimation that  the energy demand by the world in the 2050s will be doubled and the 
reserves of crude oil, gas and uranium are enough only for 40, 60 and 70 years, respectively 
[13].  Thus, the natural energy sources costs are immediately increasing and becoming a 
handicap for the electricity energy production. 

Considering the diagnosis step, several fault diagnosis method in the components of a PV 
system such as power converters have been reported and investigated in the literature [14,  
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15]. As the diagnostic part is very important to improve the reliability of a PV system, the 
sizing part is also very important and has a lot of interest in the literature. Indeed, the PV 
production systems establishment needs a precise sizing strategy and a correct components 
choice. These criteria will be generally linked to the cost of the equipment and the 
constraints of technology. 

Various software packages such as PVSOL Archelios Calc, Homer, RetScreen, Solaris PV 
and PVsyst are widely used for the evaluation and pre-sizing of the eco-energy efficiency 
of PV solar installations [16]. These tools for PV systems design and decision support yet 
remain a closed of environments from the point of view of adding and customizing climate 
data. This limitation performs it arduous to operate them in developing countries [17]. 

This paper investigates a tool that performs for sizing a PV conversion system. This 
proposed tool developed and designed by using Matlab. It presents the characteristics of 
every component, calculates the several electrical quantities and the total cost of the PV 
installation [18]. 

2. COMPONENTS OF THE PV SYSTEM 

A PV system can be classified into: 

• a standalone system,  

• a connected system to the power grid.  
Each installation type has its own structure as it is illustrated in Figure 1. 

 

 

 

 

 

(a) 

 

 

 

 

(b) 

Figure 1 Structures of a photovoltaic installation. 

 Notes: (a): Independent PV system; (b): Connected PV system 

This work is only focused on PV systems connected to the electrical network. In general, a 
photovoltaic field and a solar inverter compose a photovoltaic conversion chain. 

3. PHOTOVOLTAIC FIELD 

The photovoltaic field constitutes all the PV modules of the system. The existing 
manufacturing technologies of PV modules are mono-crystalline, polycrystalline or 
amorphous. Figure 2 shows the three configurations of PV modules [19]. 
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Figure 2 Possible configurations of PV modules 

Referring to Figure 2-(a), we note that the PV field is connected to a single central inverter. 
Furthermore, concerning the Figure 2-(b), each string of the PV field is connected to an 
inverter.  Finally, referring to Figure 2-(c), we note the presence of a micro-inverter, which 
is associated with each PV modules. 

4. SOLAR INVERTER 

The solar inverter is constituted of two conversion stages. The first stage, connected to the 
output of the PV field by one or more channels (Multi string), is a search system of 
optimum operating point MPPT (Maximum Power Point Tracking). The second stage is an 
inverter that converts the DC voltage into AC voltage. The choice of type is related to 
input, output voltages and electrical power [20]. 

Figure 3 shows a Multi-String inverter with three inputs of PV panels. 

 

 

Figure 3 Multi-String inverter with three inputs 
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5. SIZING OF A PV SYSTEM 

5.1 SIZING OF THE PV PANEL 

It can be noted that the electric energy produced by a PV panel depends essentially on the 
temperature and the solar radiation. Figure 4 shows the equivalent electrical circuit of the 
association of a PV cell with a boost converter..  

 

Figure 4 Equivalent electrical circuit of a PV cell with a booster chopper 

A mathematical description of I(V) output characteristics for a PV cell has been studied for 
over the past four decades [21]. The equivalent circuit-based model is mainly used for the 
MPPT conception. The PV system exhibits a nonlinear I(V) and P(V) characteristics and 
depends essentially on the solar radiation and the cell temperature. The equivalent circuit of 
the general model consists of a photo current, a diode, a parallel resistor expressing a 
leakage current, and a series resistor describing an internal resistance to the current flow. 

Furthermore, the PV electrical circuit is connected to the load ( LR ) via a boost converter, 

which tracks the maximum power point, as follows in Figure 4.   

0 exp 1S S
L

T P

V R I V R I
I I I

V R

  + ⋅ + ⋅
= − − −  

          

                                                          (1) 
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LI  varies function of the ambient temperature T and the solar radiation G as: 
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Thus, the series resistance RS is calculated by the following equation: 
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The power energy, produced by a PV field consisting of pN  modules in parallel and sN  

modules in series, is given by: 

INVNIVP pspvpvpv ⋅⋅⋅=⋅=                                                                             (10) 

The PV efficiency is given by the following equation: 

))(1( rcpvrpv TT −−= δηη                                                                                  (11) 

5.2 MAXIMUM POWER POINT TRACKER METHODS 

Many MPPT techniques have been investigated and reported in the literature. Three 
principal methods are established in our simulation [22]. The most commonly used MPPT 
algorithm is the Perturbation and Observation (P&O) method due to its easy 
implementation. The P&O method works by disturbing of the PV field voltage and 
comparing the previously of the supplied power with the new one after this disturbance. 
This MPPT technique allows finding the MPP (maximum power point) even during 
temperature and irradiation variations. Figure 5 presents the P&O algorithm [23, 24]. 

 

Figure 5 The flowchart of the P&O technique 

Indeed, some limitations are encountered such as:  

•  oscillations around the MPP in steady state operation,  

•  slow response speed,  

•  tracking in wrong way when atmospheric condition instability [25-27]. 
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5.3 DETERMINATION OF THE PEAK POWER 

The peak power cP  of a PV system represents the maximum power that can be produced 

by this system under standard conditions (STC: AM1.5, 1000 W/m2, 25°C). The power cP  

is the relationship between the installed powers and the performance ratio RP  of the PV 

system. The RP  ratio varies between 0.7 and 0.8. The power cP  is obtained by the 

following equation [26]: 

Ric PPP /=                                                                                          (12) 

The current required for the load according to the voltage of the installation is calculated by 
the following equation: 

UPI c /=                                                                                              (13) 

5.4 DETERMINATION OF THE PV MODULES NUMBER  

Following the choice of the photovoltaic module of voltage pvU  and current pvI  and the 

solar inverter of input voltage EU , the number of PV modules of the installation is 

calculated as follows: 

The number of modules to associate in series is given by:  

pvEs UUN /=                                                                                          (14) 

The number of chains (strings) PV is given by:       

pvp IIN /=                                                                                        (15) 

Hence, the total number of modules is calculated by the following equation:    

ps NNN ×=                                                                                          (16) 

The maximum efficiency maxη of a PV module is expressed as follows: 
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⋅
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Where: 

 G is the solar irradiation, S represents the active surface, A is the ideality factor and maxI , 

maxV   are the maximum values of the PV module current and voltage. 

6. COST OF A PV SYSTEM 

The total cost of a solar PV installation is relative to the installed capacity, their architecture 
and the type of solar inverter and installation costs. In recent years, the costs of the 
components of a PV system, representing about 80 % of the investment. The average price 
of the watt-peak produced by PV installations, equipped with polycrystalline type’s 
modules and electric power greater than 10 kWp reaches $ 4.2 / Watt [28, 29]. 

The energy cost ( )PVC t , produced by the PV system at the instant "t" (t in hours) is 

defined as the sum of the cost investment ( )IC t , the cost energy production ( )EC t , 

considered zero for the photovoltaic system, and user cost ( )UC t . 

)t(C)t(C)t(C)t(C UEIPV ++=                                                               (18)
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The investment cost is given by: 

t
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Where: λA(t) = 1 for t <  8766× Na; λA(t) = 0 and Na is the number years of 
amortization. 

IéC  is the annual cost with an annual interest rate ζ  which is expressed as follows [28]: 
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Where: TC is the cost of PV system and maxC  is the maximum capacity of the installation.

 
Indeed, the use cost is given by the following equation [28]: 
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Where: 

βa: the average annual coefficient dependent on annual maintenance costs;  

γa: the average coefficient depending on the wear phenomenon; 

χa : the power consumed or produced by the components of the installation at time t. 

So, equation (21) is reduced by: 
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The photovoltaic production cost ( )PVC t  is given by the following equation [29]: 
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The cost of purchasing and setting up the converters according to their maximum powers 

PconvP is expressed by the following equation: 
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At any instant t, the use total cost can be obtained by the following equation [22, 27]: 
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The power and technology of a PV module determines their cost of selling on the 
international market. Table I shows, in dollars and by technology, the average sales prices 
of the PV modules required to achieve a PV system with a maximum power of 10 kWp. 
Table II shows the selling prices of some solar inverters [28]. 
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TABLE I SALES PRICE OF PV MODULES (2019) 

PV module P (Wp) Vmpp(V) Impp(A) S(m²) ηηηη(%) Price($)  

Technology : Polycrystalline 

HS250-P30 250 31 8.06 1,64 16.3 4200.00 

PS-P672 305 33.81 6.55 1,94 15.7 4500.00 

SP672-330 330 37.5 8.7 1,94 17 5200.00 

Technology : Monocrystalline 

ECS260M6 260 30.7 8.52 1,63 16 4500.00 

LG335N1C 335 34.1 9.43 1,71 19.6 5600.00 

AE M6-72 350 39.46 8.87 1.94 18.04 6500.00 

Technology: Amorphous Silicon (a-Si) 

CIGS115w  250 74.7 1.54 1,94 12.1 11100.00 

BP-WD105 105 106 1.02 1,43 10.5 14500.00 

GS165 165 85.5 1.93 1,96 8.5 15000.00 

 

 

TABLE II SELLING PRICE OF SOME SOLAR INVERTERS (2019) 

Reference P(kWc) Udc(V) Uac(V) Price ($) 

ME MS2024 Inv. 2.0 18 - 33.6 120 7,050.00 

Sunny boy Inv. 3.0 175 - 500 240 5,520.00 

MS4448PAE Inv. 4.4 36.0 - 64 240 5,380.00 

CORE1 S50-US40  5.0 188 - 1000 480 7,990.00 

MCare 10k-GTI 10.0 200 - 800 400 8,500.00 

SolarMax 15MT2 15.0 430 - 750 400 6,650.00 

SolarLake 20.0TL 20.0 440 - 850 480 5,300.00 

Soco- Sunsys B30 30.0 480 - 1000 480 7,500.00 

 

7. SIZING SIMULATOR 

7.1 PRESENTATION OF THE SIMULATOR ‘SOPVSPLUS’ 

Various graphic tools for sizing photovoltaic systems are encountered and investigated in 
the literature. Several programming languages such as Visual Basic, Delphi, Java, Forth, 
etc. develop these tools [27]. The purpose of our work is to develop, under Guide-Matlab 
[30, 31], a tool for dimensioning photovoltaic systems. This tool integrates both the 
calculation of the numbers of PV modules, the converters necessary for the realization, and 
the total cost of the installation. 

This simulator allows the tracing of the various I(V) and P(V) characteristics to standard 
conditions at different climatic parameters (solar radiation and ambient temperature). 

The SOPVSplus simulator offers a wide range of PV modules and solar inverters with their 
electrical and technical parameters.  
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7.2 OPERATING DIAGRAM 

Figure 6 illustrates the operating diagram of the used simulator ‘SOPVSplus’. 

 
Figure 6 Operating diagram of SOPVSplus. 

7.3 ORGANISATION OF THE SIMULATOR 

The simulator has six interactive menus: 
� Menu (1) to set the installed power;  
� Menu (2) relating to the choice of the PV module;  
� Menu (3) relating to the choice of the converter;  
� Menu (4) display simulation results;  
� Menu (5) curve drawing buttons;  
� Two windows (6) graphical display as illustrated in Figure 7. 
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Figure 7 Panoramic view of simulator ‘SOPVSplus’ 

7.4 SIZING APPROACH 

The steps for sizing a PV installation are as follows: 
1) Set the power and investment cost of PV system; 
2) Select the corresponding PV module; 
3) Press the ‘Nominal PV power’ button to calculate the peak power; 
4) Press the ‘Nominal current’ button to calculate the rated current; 
5) Operate the ‘Number of modules’, ‘Number of strings’ and ‘Number in series’ buttons, 

respectively, to calculate the total number of modules, parallel chains and modules in 
series; 

6) Select a solar inverter according to the power and type of the single-phase or the three-
phase installation; 

7) Press the ‘Number of inverters’ button to determine the number of inverters; 
8) Activate the ‘Total cost’ button to estimate the total costs of the installation; 
Each operation performed with this simulator will be followed by the display of parameters 
and the cost. The ‘Sliders’ price update action makes it possible to adjust the cost according 
to the international market. 

The displays obtained are: 

� the characteristics I(V) and P(V) of the PV module at standard conditions; 
� the characteristics I(V) and P(V) of the PV module at 25 °C for different value of 

the solar irradiation; 
� the characteristics I(V) and P(V) of the PV module at 1000 W/m2 for different value 

of the ambient temperature; 
� the total area in m2 of the photovoltaic field. 

Figures 8, 9 and 10, respectively, show the menus for fixing the installed power, the choice 
of the PV module, the inverter, the tracing of the various graphic characteristics, the 
calculation and display of the sizing results of the system. 
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Figure 8 Fixing the power energy, installation cost of the PVsystem and selection menus. 

 

Figure 9 Characteristics I(V) and P(V) 

Figure 10 Results sizing menu 

The simulator has the functionality of adding new PV panels and converters by entering 
their parameters into perfectly secure fields. Figure 11 illustrates an example of input 
errors. 

 

Figure 11 Example of parameter input errors 
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7.5 SIMULATION RESULTS 

In this sizing case, we chose to calculate the necessary components in terms of PV module, 
inverters and overall cost of achieving a PV system of 10 kW of power with a fee of $ 0.31 
per watt installed. The total cost varies according to the choice of the elements of the 
installation according to their numbers, their technologies and their powers. Table III shows 
the calculation results for three different choice cases. 

8. CONCLUSION 

In this paper, we have investigated and proposed a study and tool to help the PV systems 
sizing. This used simulator is developed and designed with Matlab. Furthermore, it is used 
as a tool to calculate, trace and visualize the various electrical characteristics of the PV 
modules considering the temperature and solar irradiation variations. In addition, it presents 
a choices wide range of solar inverters and PV modules, which leads to a great flexibility of 
photovoltaic systems sizing. The simulator ‘SOPVSplus’ presents a support that calculate 
and evaluate the cost of the PV conversion chain. This simulator is developed and designed 
in order to validate and simulate the research results or to use in the academic teaching and 
the renewable energy training. Like a prospect, we aim to ameliorate our this used 
simulator 'SOPVSplus' by adding  thermal and PV/thermal systems and implementing and 
developing intelligent algorithms for optimizing the structures of PV conversion chain. 

TABLE III SIZING RESULTS OF A SINGLE-PHASE AND THREE-PHASE 10 KW PV SYSTEM 

Power installed Pi=10kW – installation costs Fi= $0.31/W   
Choice case 1 2 3 

PV module MAGESolar250 - Poly SW350XL - Mono GS 165 - Amorphe  

Pmax (Wc) 250 350 165 

Voltage Vmpp (V) 30.49 38.4 85 

Current Impp (A) 8.27 9.17 1.93 

Unit price $1.40/Wc $1.02/Wc $0.91/Wc 

Module area 1.60 m² 1.994 m² 1.269 m² 

Inverter SUNMXS 6.0TL-1ph ISG1I-4.0M-1ph SOLARMAX 15MT2- 3ph 

Pnom (kW) 5.8 4 15 

Current Inom (A) 26 17.4 66 

Voltage Vac (V) 230 230 400 

Effeciency (η) 96.1% 95% 95.7% 

Unit price $0.39/W $0.40/W $0.31/W 

Simulation report 
Power peak (kWc) 11.25 11.25 11.25 

Current Inom (A) 48.91 48.91 28.13 

Modules number 48 36 18 

Strings number 4 6 3 

Serial number 12 6 6 

Inverter number 2 3 1 

Total area 76.80 m² 71.78 m² 95.17 m² 

Total cost $8575.26 $8442.09 $9775.50 
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