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ABSTRACT 
 

The goal of this paper is to study the possibility to build a 100 MW Photovoltaic Plant in small 
countries like Lebanon, it gives a general review about the basis of photovoltaics. Different 
electronic models of photovoltaic cells are presented. This paper presents also the functioning of a 
photovoltaic cell, its model using MATLAB/Simulink, and discusses some algorithms used to 
extract the maximum power from a PV panel. Simulated results are presented. Economic study to 
build a 100 MW photovoltaic farm in Lebanon is discussed, with a comparative table between its 
tariff and existing tariffs such as from Power Authority, Private Generators, and Regional 
Distributors. Some other solutions are proposed to build PV panels and plant above unused 
surfaces such as above lakes, rivers and rooftops are also proposed for the Lebanese case. 
Aims: The aim of this study is to help the reader to acquire sufficient information about 
Photovoltaic System and its function, MATLAB/Simulink Model, used Algorithms, and the most 
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important thing is to compare its economic study for the Lebanese case to see if it is possible to 
build 100 MW in Lebanon or not. The same study can be used for other countries, but of course the 
values might change. 
Study Design: This study used the software MATLAB/Simulink to model the Photovoltaic module, 
The economic study is based on other studies, but it is developed for the Lebanese case. 
Place and Duration of Study: This study was made by the authors during the year 2014 in 
Lebanon.  
Methodology: The economic study is studied based on other studies in the world, but for this time, 
it is made for the Lebanese case, and the Farm used produces 100 MW which is not done before in 
Lebanon. The tariffs of the existing sources are compared with the tariff of the proposed study, and 
based on it, one can choose if it is profitable to build such project in Lebanon or not. 
Results: The main interesting results in this paper are that the construction of PV Farm in Lebanon 
is possible if it is encouraged by the Government, its tariff is less than other sources of energy such 
as the Private Generator and Regional Distributor, but it can’t be competitive with the power 
authority for several reasons, the authors also propose to use the surfaces of rivers, lakes and top 
roofs in order to build PV Farms, for instance if one uses the lake Qaraoun in Bekaa, it is possible 
to produce between 600 MW and 1200 MW which is approximately equal to 26.5% to 53% of the 
total produced power in Lebanon. Thus the production of such power can resolve big problems in 
Lebanon such as the cut off of the electricity every day for about 12 hours.  
Conclusion: The photovoltaic system is preferred with respect to other sources of energy. The 
future of photovoltaics is promising, the efficiency increases each year and it is expected to over 
pass 50% in the next decades, the price of photovoltaic system is decreasing which will give it 
advantages with respect to other renewable energy systems. 
In conclusion, this paper presents a general review on photovoltaic system. The models and 
mathematical expressions of photovoltaic cells are presented. The MATLAB model of the standard 
expression of photovoltaic module is designed. The results are discussed, many characteristics 
such as I-V curves and P-V curves are simulated using different parameters. An economic study of 
building 100 MW photovoltaic farm is presented and discussed. Some advantages and 
disadvantages of different algorithms are discussed. Finally, the usage of unused surfaces such as 
above lakes and rivers may be very efficient for small countries like Lebanon, and the produced 
power using these surfaces is approximately the half produced power in Lebanon, therefore, this 
paper may be very helpful to resolve the problem of electricity in Lebanon and any other country 
which has the same characteristics and problems as for Lebanon. 
 

 
Keywords: Photovoltaic; MATLAB model; PV farm; power plant; economic study; Lebanon. 

 

NOMENCLATURES 

 
���� designs the temperature coefficient (≈ 4.73 ∙10����/� 

 ). 
���� is the temperature coefficient (≈ 636 � ). 
��� is the coefficient representing the change of ��� for each degree, it is expressed in % / � 

� . 
��� presents the coefficient representing the change of ���  for each degree, it is expressed in �/ � 

� . 
�� designs the difference in temperature. 
��(0) presents the energy gap for the temperature � = 0 �  (≈ 1.17�� for Silicon). 

����� is the output current of the PV cell. 
��,���� presents the light generated current produced by the incident light on the Photovoltaic cell. 

��,���� designs the internal p-n junction saturation current, its value is between 10�� and 10��� Ampere. 
It varies with the variation of the temperature. 
������� = ������� is the module current. 
�� = ����,���� presents the module current. 

�� = ����,���� designs the total equivalent saturation current of the diode. 

� is the Boltzmann’s constant, it is equal to 1.3806488∙10��������/������. 
����� is the correction coefficient, its value is between 1 and 2, in this paper we take it equal to 1.6. 
�� is the number of parallel strings. 
�� is the number of cells per string. 
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� = ������� presents the correction coefficient of the module. 
� designs the elementary charge, it is equal to 1.60217∙10����������. 
��,���� designs the series resistance of the photovoltaic cell. It includes all factors of resistance and the 
carriers’ movement, its value is less than 1� . 
���,���� is the shunt resistance of the photovoltaic cell. It represents the leakage of carriers due to 
recombination in different part of the cell, its value is greater than 1000� . 

�� = �
��

��
���,���� is the equivalent series resistance. 

��� = �
��

��
����,���� presents the equivalent shunt resistance. 

� presents the temperature in Kelvin, (273.15+���), standard temperature is 25��. 
����� is the terminal voltage of the PV cell. 

�� =
��

�
 presents the thermal voltage, its value is in Volt. 

� = ������� is the module voltage. 
���  is the temperature coefficient for the �� for the panel. 

 
1. INTRODUCTION  
 
The photovoltaic is considered as a generator of 
electricity from solar radiation using 
semiconductors, it converts the solar energy into 
electrical energy using the photovoltaic effect. 
The photovoltaic panel is composed of many 
modules and each module contains many 
photovoltaic cells arranged in series and parallel 
in a way to give a certain voltage and a certain 
current at the output [1-6]. Many papers present 
the mathematical equations, the MATLAB/ 
Simulink model and simulation of the 
photovoltaic system [7-17]. Other papers present 
the simulation using LABVIEW [18,19]. 
   
This paper shows a brief review about 
photovoltaic. In the second Section, a general 
description and form of Photovoltaic cells, their 
functions and equivalent circuits are presented. 
Mathematical Modeling of Photovoltaic Panel is 
discussed in section 3. In the fourth Section, 
some Maximum Power Point Algorithms are 
presented, and only two are developed. They 
serve to extract the maximum power from a PV 
panels. In the fifth Section, a MATLAB model of 
photovoltaic panel is presented. The section 6 
treats and discusses the results obtain from 
section 3. The Section 7 studies the economic 
study to build a 100 MW photovoltaic farm in 
Lebanon. The Section 8 presents some possible 
implementation of PV in small countries like 
Lebanon. Section 9 presents conclusions. 
 

2. DESCRIPTION AND FORM OF 
PHOTOVOLTAIC CELLS  

 
The photovoltaic cell is formed by a thin layer of 
p-n junction of semiconductor. The solar 
radiation with a frequency greater than the 

threshold frequency able to pull out the 
peripheral electrons will hit the peripheral 
electrons in the p-n junction and the electrons will 
go from the p-doped silicon to the n-doped silicon 
then go through a negative electrode to the load 
and return back to the p-n junction through the 
positive electrode and so on [1-6] (Fig. 1). The 
characteristics of the PV cell and module are not 
linear; they depend on many factors such as the 
temperature of the cells and the irradiance 
intensity. 
 

 
 

Fig. 1. Conversion of the solar energy into 
kinetic energy of the electrons [20] 
 

Photovoltaic cell is the smallest element that 
composes a photovoltaic panel (Fig. 2), a PV 
module is formed by many PV cells arranged in 
series and parallel in order to give a certain 
voltage and a certain current at its output (Figs. 
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3.1 and 3.2), and a PV panel is formed by many 
PV modules.  
 

 
 

Fig. 2. Represents a single photovoltaic cell 
[1] 

 
In Fig. 3.2, a module with 36 PV cells connected 
in series in order to give an output voltage equal 
to 21.6V at standard conditions ( 25�C , and 
AM=1.5 (Air Mass)). 

In Fig. 4, a Photovoltaic Farm is composed of 
many parallel and series module arranged in a 
way to give high voltage and current according to 
the need. 

 

2.1 Different Type of Photovoltaic Cells 

 
The photovoltaic cell can be made using different 
materials and elements such as Copper Indium 
Selenium (CuInSe2), Cadimium Telluride (CdTe), 
Silicon (Si), Galium Arsenic (GaAs) and others. 
The efficiency and band gap of each material is 
presented in Fig. 5. 

 

The energy payback time of the [23]: 

 

- Monocrystalline (Si) cell: ~ 4 years. 

- Polycrystalline (Si) cell: 1.6 to 2.7 years. 

- Amorphous (Si) cell: 0.9 to 1.6 years. 

 

In Table 1, a comparison between commercial 
photovoltaic cells is presented. 
 

 

 
 

Fig. 3.1. PV module composed of many PV cells in series and in parallel [21] 
 

 
 

Fig. 3.2. PV module composed of many PV cells in series [22] 
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Fig. 4. Photovoltaic farm [28] 
 

 
 

Fig. 5.  Common known materials for solar cells [23] 
 

Table 1. Comparison between commercial photovoltaic cells [23] 
 

 Crystalline 
silicon 

Amorphous 
silicon 

CIGS CdTe Organic 

Conversion 
efficiency 

13-18% 5-10% 10-12% 10.5% 5% 

Current Cost per 
watt 

$2.5-3.5 $2-2.5 $0.6 $1.3 (<1 
predicted) 

 

Material shortage No Silane Indium Te No 

Toxic substance NA NA Cadmium 

Selenium 

Cadmium 

Tellurium 

NA 

Reliability Excellent Fair Good Good Poor 

company in the 
field 

Suntech 

SunPower 

AMAT 

Dupont 

Nanosolar 

Solynadra 

First Solar Konaraka 
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2.2 Equivalent Electronic Circuit of 
Photovoltaic Cell 

 

The photovoltaic module and cell have been 
modeled with different electronic circuits, the 
main electronic circuit models are presented as 
following: 
 

2.2.1 Ideal model 
 
A single diode is parallel to the source current 
[9]. It is depicted as in the Fig. 6. 
 

 
 

Fig. 6. Ideal model of the Photovoltaic cell 
 

The accuracy of this model is low, but it is simple 
and fast to use. In presence of developed 
software such as MATLAB and LABVIEW this 
model is not used. 
 
The equation of the current functions of the 
voltage is [9]: 
 

����� = ��,���� − ��,���� ��
�
�����
��

�
− 1�         (1) 

 

2.2.2 Simple model 
 
The simple model uses a parallel diode and a 
series resistance [8]. It is presented in Fig. 7. 
 

 
 

Fig. 7. Simple model of the Photovoltaic cell 
 

The accuracy of this model is good; this model 
can be used to present the form of a PV cell. But 
to obtain a better accuracy, one has to choose 
more advanced models. 

 

The equation of the current functions of the 
voltage is [8]: 

 

����� = ��,���� − ��,���� ��
�
�������������,����

��
�
− 1�    (2) 

 

2.2.3 Standard model 

 

In this model, the electronic circuit uses one 
parallel diode, one parallel resistance and one 
series resistance [8] (Fig. 8). 
 

 
 

Fig. 8. Standard model of the Photovoltaic 
cell 

 

This model is the most used model to describe 
the function of a photovoltaic cell and module [7-
8], this model is used in this paper. The accuracy 
of this model is good. 

 

The equation of the current functions of the 
voltage is [8]: 

 

����� = ��,���� − ��,���� ��
�
�������������,����

��
�
− 1� 

−
�������������,����

���,����
                         (3) 

 

2.2.4 Standard model with two diodes 

 

The standard model with two diodes has a very 
good accuracy (Fig. 9), but it is somewhat 
complicated [12], it can be used with powerful 
software such as MATLAB and LABVIEW [12]. 
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Fig. 9. Standard model with two diodes of Photovoltaic cell 
 
The equation of the current functions of the voltage is [12]: 
 

����� = ��,���� − ���,���� ��
�
�������������,����

���
�
− 1� − ���,���� ��

�
�������������,����

���
�
− 1� −

�������������,����

���,����
   (4) 

 
2.2.5 Generalized photovoltaic model 
 
Paper [40] presents a generalized form of Photovoltaic Model using software such as 
MATLAB/Simulink, this model is suitable for any PV cell, module or array, which is used to analyze 
and design the MPPT. 
 
3. MATHEMATICAL MODELING OF PHOTOVOLTAIC PANEL 
 
In this section, the mathematical model of photovoltaic cell and module is presented, the modelling of 
the PV cell and PV module used the standard form (1 prallel diode, 1 parallel resistance and 1 series 
resistance). 
 
Mathematical model of a PV cell [7-8] is: 
 

����� = ��,���� − ��,���� ��
��

�������������,����
�������

�
− 1� −

�������������,����

���,����
                    (5) 

 
For nomenclatures refer to section 10. 
 

Consider a PV module with �� parallel strings (columns) and �� PV cells per string, then the equation 
of the PV module will be as following [7-8,12]: 
 

    (6) 
 

and 

������� = �� − �� ��
�
�����������

���
�
− 1� −

�����������

���
                                            (7) 

 
The equivalent circuit of the PV module is depicted in Fig. 10. 
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Fig. 10. Equivalent circuit of the PV module 
 

When ��,���� ≪ ���,����, therefore the equation (7) 
can be written as following [7,8,10,11]: 
 

  
              (8) 

 

•  The output voltage can be deternined from 
the equation (7), the short circuit curent 
and the open circuit voltage are [7,8,10, 
11]: 

 

� ≈ −��� + ��� ln ��
����������

��
� + 1�             (9) 

 

��� ≈ �� − �� ��
���
��� − 1�                                (10) 

 

��� ≈ ��� ln �
��

��
+ 1�                                    (11) 

 

• Dependence of parametric model on 
irradiance [7,8,10,11]: 

 

The variation of the irradiance will affect mainly 
three parameters ��, ���, and ���. 
 

��
���/��

=
�

����
��
���/��

                                 (12) 

 

•  Dependence of parametric model on 
temperature [7,8,10,11]: 

 

The variation of the temperature affects the 
voltage and the current at the output, ��� and ���. 
 

���
(�����)��

= ���
���� �1 +

���

���
���                      (13) 

 

��
(�����)��

≈ ��
���� �1 +

���

���
���                      (14) 

 

���
(�����)��

≈ ���
���� −

���

����
��                         (15) 

 

��
(�����)��

=
�����.���(�����)�

�
                        (16) 

 

��(�)= ��(��)�
�

��
�

���

����� �
��

�

������
�
��(�)

�
�
��(��)

��
��

  (17) 

 

Where 
 

��(�)= ����(0)−
�������

�

������
                          (18) 

 

To determine the value of parameters such as 
��� , �, ��� , �� , ��, and �� , one has to measure 
some other parameters which are ��� , ��� , ��� , 

���, ����, ����, ����, ���� [7,8,10,11]. 
 

By finding the value of these parameters one can 
find the values of the following parameters [7]: 
 

                     (19) 
 

          (20) 
 

    (21) 
 

          (22) 
 

          (23) 
 

        (24) 
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4. MAXIMUM POWER POINT TRACKING 
(MPPT) 

 
Maximum Power Point Trackers are used in 
Photovoltaic systems in order to maximize their 
output power for different ambient conditions, 
and they maintain the operation of PVs at their 
maximum power point [34]. 
 
There are many algorithms which are developed 
to improve the performance of the Photovoltaic 
output power and to extract the maximum power, 
such as: 
 

1- Incremental Conductance Method (ICM) 
[32], [39], 

2- Parasitic Capacitance [37], 
3- Perturb and Observe (P&O) [7,24], 
4- Hill Climbing algorithm [33], 
5- Estimate-Perturb-Perturb (EPP) Method 

[31], 
6- Voltage control maximum point tracker 

[38], 
7- Current control maximum power point 

tracker [38], 
8- MP&O method [31], 
9- Etc. 

 
This paper gives a brief description of only two 
methods, because it is impossible to explain all 
algorithms within few lines, and because it is not 
the ojective of this paper. Only Two methods are 
presented and discussed, their advantages and 
disadvantages are also presented in the 
following subsections. 
 

4.1 The Perturb and Observe Algorithm 
(P&O) 

 

There are many different algorithms used to 
detect the maximum power point of PV panels or 
modules, one of the most used methods is the 
Perturb and Observe (P&O) also called Hill 
climbing method [7,24]. This algorithm is 
described in Fig. 11. 
 

4.1.1 The perturb and observe algorithm and 
P-V curve 

 

The P&O algorithm is used to extract the 
maximum power from a photovoltaic panel or 
module; it compares the power and voltage of 
the last two values and varies the voltage in a 
way to obtain the highest output power. Fig. 12 
shows how the Perturb and Observe Algorithm 
works, if the current power is A, then the 
algorithm tries to move the point to the right side 

to attain the maximum power at B, if the current 
power is C, then the algorithm tries to move the 
point to the left to attain the maximum power at B 
and so on (Fig. 12). 
 

4.1.2 Advantages and disadvantages of the 
P&O algorithm 

 
The P&O Algorithm has many advantages and 
disadvantages, some of them are stated as 
following: 
 
4.1.2.1 Advantages 
 

-  It is a simple algorithm. 
-  It is the most used algorithm for 

commercial PV panels [30]. 
 
4.1.2.2 Disadvantages 
 

-  Oscillation around the point of functioning. 
-  It finds only the local maximum point and 

not the global maximum point. 
-  If Δ� is very small, the algorithm will take a 

longer time to find the maximum point. 
-  If Δ� is very large, the algorithm will never 

find the maximum point. 
-  Time response is higher than the “ICM” 

Algorithm, in [30] it shows that the time 
response for the P&O algorithm is 1.8��, 
while it is 0.5�� for the “ICM” Algorithm. 

- Average output Power is less that the 
“ICM” Algorithm, [30] shows a good 
comparison. 

- Ripples take high values. 
 

4.2 MPPT Algorithm using Incremental 
Conductance Method 

 
The Incremental Conductance Method is another 
way used to extract the maximum power from a 
photovoltaic panel or module [32]; it compares 
the variations of the voltage and the current of 
the last two values (Fig. 13), and varies the 
voltage in a way to obtain the highest output 
power. Figs. 13 and 14 shows how the 
Incremental Conductance Method Algorithm 
works, if the current power is A, then the 
algorithm tries to move the point to the right side 
to attain the maximum power at B, if the current 
power is C, then the algorithm tries to move the 
point to the left to attain the maximum power at B 
and so on (Fig. 14). This method can be 
calculated using the following equations: 
 

��

��
=

�(��)

��
=

�(�)

��
� +

�(�)

��
� = � +

�(�)

��
�    (25) 
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Where, 
 
�  is the Power extracted from the PV Panel 
(Watt), 
��  presents the variation of the Power on the 
terminal of the PV Panel calculated by the 
Algorithm, 
� designs the voltage on the terminal of the PV 
Panel (Volt), 
�� is the variation of the Voltage on the terminal 
of the PV Panel calculated by the Algorithm, 
� presents the current circulating on the terminal 
of the PV Panel (Ampere), 
��  designs the variation of the current on the 
terminal of the PV Panel calculated by the 
Algorithm, 
 

•  To obtain the Maximum Power Point, 
��

��
 

should be equal to zero, thus, 
 

��

��
= � +

�(�)

��
� = 0                      (26) 

⇒
�(�)

��
= −

�

�
                     (27) 

 

•  If 
��

��
> 0, it means that the Power and the 

Voltage are increasing together, and they 
are running from the left side to the right 
side (Fig. 14), thus, the point A will 
approach to the point B, and 

 
�(�)

��
> −

�

�
                   (28) 

 

•  If 
��

��
< 0 , it means that the Power is 

decreasing while the Voltage is increasing, 
and vice versa. To obtain the Maximum 
Power Point, the Voltage must run from the 
right side to the left side (Fig. 14), thus, the 
point C will approach to the point B , and 

 
�(�)

��
< −

�

�
                  (29) 

 

 
 

Fig. 11. Flowchart of the perturb and observe algorithm 
 

 
 

Fig. 12. Perturb and Observe algorithm and its oscillation around the maximum power point 
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Fig. 13. Flowchart of the incremental conductance method 
 

4.2.1 Incremental conductance method algorithm and P-V curve 
 
Fig. 14 presents an explained P-V curve which indicates how the Incremental conductance Method 
works. 

 
 

Fig. 14. Incremental conductance method is used to obtain the maximum power point 
 

4.2.2 Advantages and disadvantages of the 
incremental conductance method 
algorithm 

 
The Incremental Conductance Method Algorithm 
has many advantages and disadvantages, some 
of them are stated as following: 
 

4.2.2.1 Advantages 
 

-  Its time response is relatively low 
compared to the P&O Algorithm. 

-  Its Average Output Power is better than 
the P&O Algorithm, reference [30] shows a 
good comparison. 

 



 
 
 
 

Bayeh and Moubayed; BJAST, 11(2): 1-21, 2015; Article no.BJAST.13609 
 
 

 
12 

 

-  Ripples are lower than the P&O Algorithm. 
-  It is able to determine if the Maximum 

Power Point is reached or not. 
-  It is more stable than the P&O Algorithm. 
-  It doesn’t oscillate around the Maximum 

Power Point as P&O does. 
-  It is an accurate algorithm. 
-  It rapidly controls the variations of the 

external phenomena as radiation and 
temperature changes. 

-  It tracks rapidly the variation of solar 
irradiance with higher accuracy compared 
to the P&O Algorithm [35-36]. 

 
4.2.2.2 Disadvantages 
 

-  It is a complex algorithm [35-36]. 
-  Its realization is also complex. 
-  Its cost of realization is high. 
-  It finds only the local maximum point and 

not the global maximum point. 
 
5. MATLAB MODEL OF THE 

PHOTOVOLTAIC PANEL 
 
The model of a photovoltaic panel and module 
can be simulated using Matlab/Simulink. In Fig. 
15, a PV module is simulated according to the 

equations (6) and (7). In Fig. 18 and 19, the I-V 
(Current-Voltage), and P-V (Power-Voltage) 
characteristics are presented, the power is 
obtained by multiplying the output current ������� 
by the voltage �. 

 

In this paper, the PV module has the following 
information [7]: 

 

Model: MSX77 

 

Manuacturer: Solarex 

 

���� = 77�;   ��� = 16.9�  

��� = 4.56�;   ��� = 5�  

��� = 21�  

��� = 0.065± 0.015 % / C 
�   

��� = −(0.5± 0.05)��/ C 
�   

Standard Test Conditions: G=1kW/m2, AM=1.5, 
�� = 25 C 

� . 

 

The values presented for this model can be 
obtained using the equations presented in the 
previous Section [7-9,12-17]. 

 

 

 
 

Fig. 15. Modeling of the Photovoltaic panel using Matlab/Simulink, presenting I-V and P-V 
characteristics 



 
 
 
 

Bayeh and Moubayed; BJAST, 11(2): 1-21, 2015; Article no.BJAST.13609 
 
 

 
13 

 

6. RESULTS AND DISCUSSION 
 

Using the MATLAB/Simulink model in the 
previous section, the obtained characteristics of 
the PV module are illustrated in Figs. 16 and 17. 
 

6.1 The Characteristic of the I-V Curve 
 

From the equations (6) and (7), the characteristic 
of the I-V curve of the photovoltaic module can 
be drawn taking into consideration the variation 
of the voltage from 0 up to 21 Volt (Fig. 16), 
therefore, the curve of the current functions of 
the voltage goes from 5 Amperes (current of the 
short circuit  ��� ) to zero Ampere (current for 
Open circuit ���). 
 

6.2 The Characteristic of the P-V Curve 
 

From equations (6) and (7), the characteristic of 
the P-V curve can be drawn (Fig. 17) by finding 

the power functions of the voltage taking into 
consideration the variation of the voltage from 0 
up to 21 Volts, therefore the curve of the power 
functions of the voltage goes from 0 Watts 
(power of the short circuit ��� ) to the maximum 
power ���� = ��������, and finally return to zero 
Watt (power for Open circuit ���). 
 

6.3 Characteristics of the I-V and P-V 
Curves by Varying the Ambient 
Temperature 

 

From the equations (6) to (18), the 
characteristics of the I-V and P-V curves of the 
photovoltaic module are drawn in Fig. 18 and 19 
by varying the ambient temperature between 0�C 
and 60�C. 
 
 

 

 
 

Fig. 16. I-V characteristic of the PV module, for ��� = �� and ��� = ���. 
 

 
 

Fig. 17. P-V characteristic of the PV module 



Fig. 18. I

Fig. 19. P
 

6.4 Characteristics of the I-V and P
Curves by Varying 
Irradiance 

 
The variation of the solar irradiance has 
effect on the output power and on the I
V curves. By varying the solar irradiance 
between 400 and 1000 �/�� , and from the 
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I-V curves for different temperatures. 

 

 
P-V curves for different temperatures 

V and P-V 
Varying the Solar 

The variation of the solar irradiance has a great 
effect on the output power and on the I-V and P-
V curves. By varying the solar irradiance 

, and from the 

equations (6), (7), and (12) the characteristics of 
the I-V and P-V curves of the photovoltaic 
module are given in Figs. 20 and 21.
 
It should be noted that when the solar irradiance 
increase, the current, voltage and power 
increase for the same point on the x axis 
(Voltage axis). 

 
 
 
 

, 2015; Article no.BJAST.13609 
 
 

 

 

equations (6), (7), and (12) the characteristics of 
V curves of the photovoltaic 

20 and 21. 

It should be noted that when the solar irradiance 
increase, the current, voltage and power 

for the same point on the x axis 



Fig. 20. I-V curves for different solar irradiance form 400 

Fig. 21. P-V curves for different solar irradiance form 400 
 

7. ECONOMIC STUDY TO BUILD 100
PHOTOVOLTAIC FARM IN LEBANON

 
As discussed in other countries [25
Section, an economic study of building 
photovoltaic farm of 100 MW in Lebanon is 
treated. Table 2 presents the necessary 
information to calculate the cost of t
 
Note: the presented values in Table 2 may vary 
from one manufacturer to another, from one 
chosen material to another, from one contractor 
to another, and from one region to another, but in 
general, the indicated values give an idea about 
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V curves for different solar irradiance form 400 �/�� to 1000 �

 

 
V curves for different solar irradiance form 400 �/�� to 1000 �

Y TO BUILD 100 MW 
PHOTOVOLTAIC FARM IN LEBANON 

As discussed in other countries [25-27], in this 
Section, an economic study of building 
photovoltaic farm of 100 MW in Lebanon is 
treated. Table 2 presents the necessary 
information to calculate the cost of the project. 

Note: the presented values in Table 2 may vary 
from one manufacturer to another, from one 
chosen material to another, from one contractor 
to another, and from one region to another, but in 
general, the indicated values give an idea about 

how approximately such project costs in 
Lebanon. 
 
Example of calculation: 
 
The cost of 1W of Photovoltaic Farm is 
approximately $2.5, for the mono
(refer to Table 1), thus, the total cost of the PV 
Farm is 100,000,000(W)*2.5($)= $250 Million,
 
The Engineering, testing, and indirect cost is 
approximately equal to 17% of the total 
installation, thus, its value is equal to $ 42.5 
Million. 

 
 
 
 

, 2015; Article no.BJAST.13609 
 
 

 

�/�� 

 

�/�� 

pproximately such project costs in 

The cost of 1W of Photovoltaic Farm is 
approximately $2.5, for the mono-crystalline 
(refer to Table 1), thus, the total cost of the PV 
Farm is 100,000,000(W)*2.5($)= $250 Million, 

ngineering, testing, and indirect cost is 
approximately equal to 17% of the total 
installation, thus, its value is equal to $ 42.5 
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Table 2. Economic study to build a photovoltaic farm of 100 MW in Lebanon 
 

Description Values 
•Cost to construct a Photovoltaic farm of 100MW $ 250 million 
•Engineering, test, miscellaneous and indirect cost (17% of the cost to 
construct a Photovoltaic farm)  

$ 42.5 million 

•Total Cost, excluding the cost of the land (sum of the first two costs) $292.5 million 
•Annual Operation and Maintenance cost including the replacement of old 
parts and other costs (between 47 and 60$/kW) 

$6.2 million 

•Total lifetime cost (Total cost of installation+(other costs per year 
*lifetime)) 

$447.5 million 
(lifetime 25 years) 

•Annual Production of energy (100MW * 365 days * 8h * 70% efficiency of 
PV panels) 

204.4GWh [44] 

•Electricity cost [Total lifetime cost/Produced energy during lifetime] 
(=$447.5 Million/204.4GWh) 

0.08757$/kWh 

•Cost of sold Electricity per year (=Electricity cost * Annual Production of 
energy) 

$17,900,000 

•Price of 1kWh to be sold (for a payback period of 10 years) 0.26$/kWh 
•Price of 1kWh to be sold (for a payback period of 20 years) 0.19$/kWh 
•Payback period [Investment/(Annual Gain-Annual cost)] 10 years 
•Needed surface for the whole PV plant 
(for Monocrystalline Silicon cell technology) 

 1-2 km2 

•Net Present Value ��� = � �
��

�
(���)�

�
� − ���,  

                                                   with i=6%, n=25 years
*1

 
                                                   with i=4%, n=25 years

*2 

                                    (For a payback period of 10years) 

 
 
 

$160,669,975 
$261,302,734 

•Net Present Value ��� = � �
��

�
(���)�

�
� − ���,  

                                                    with i=6%, n=25 years*1 
                                                    with i=4%, n=25 years

*2 

                                    (For a payback period of 20years) 

 
 
 

$-26,286,608.00 
$32,829,814.83 

•Cost per square meter , excluding the cost of the land [total cost/needed 
surface] 

146.25 $/m
2
 

•Cost per 1kW [total cost/nominal power] excluding the cost of the land 2925$/kW 
•CO2 emission during lifetime (from construction to dismantling) per kWh  40-50g CO2/kWh [6] 
•Lifetime of the Photovoltaic Panel 25 years 

 
The Annual Operation and Maintenance is equal 
approximately 7% of the Total cost, thus, its 
value is equal to $20.475 Million. In the same 
way one can calculate other values. 
 

7.1 Comparison between the Electricity 
from Photovoltaic farm, Power 
authority and private generators 

 

In this subsection, a comparative study between 
the Electricity form Photovoltaic farm, Power 
authority, private generators and regional 
distributors is proposed (Table 3). 
 

In Table 3, the tariff of the Photovoltaic Farm 
can’t be competitive with the Power Authority 
from EDL, because the tariff from EDL is not 

updated and it is based on a very ancient tariff 
when the price of one barrel was about $20, and 
it is very important that the EDL is losing every 
year about one billion dollars because its tariff is 
not updated, thus the tariff must be updated in 
order to impose the real price. But the tariff from 
PV Farm is very competitive with other sources 
of energy such as from Private Generator and 
Regional Distributor because its tariff is less than 
them, moreover the price of PV is decreasing 
every year and its efficiency is improving every 
year, thus it is very clear that the best solution in 
Lebanon is to install Photovoltaic Farm on the 
Lebanese scale and to install private PV panels 
on rooftops of buildings which will deliver free 
energy from the sun without using traditional 
generators. 
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Table 3. Comparison between the electricity cost of Photovoltaic farm, Power Authority, 
Private Generator and Regional distributor 

 
•Source of Energy Value of sold 1kWh 
•Power Authority (EDL) 0.09333$/kWh 
•Photovoltaic Farm 0.26$/kWh (ROI 10 years) 

0.19$/kWh (ROI 20 years) 
•Private Generator 0.3$/kWh 
•Regional distributor 0.32$/kWh 

 

8. POSSIBLE IMPLEMENTATION OF 
PHOTOVOLTAIC IN SMALL 
COUNTRIES LIKE LEBANON 

 
In small countries like Lebanon with a total area 
of 10,452 km2, it is challenging to find a land to 
install a large plant such as the calculated one in 
this paper with a surface between 1 and 2 km2, 
for a small amount of energy production such as 
100MW. Therefore, it is important to find other 
solutions, and try to benefit from other surfaces 
such as lakes, rivers, rooftops of buildings, 
photovoltaics can be integrated in buildings in an 
aesthetic way, etc. in this section some solutions 
are proposed to resolve this problem. 
 
8.1 Installation of Photovoltaic Plant on 

Lakes and Rivers in Lebanon 
 
In countries when rivers and lakes exist, one can 
install photovoltaic panels above the surface of 
the water as it is indicated in Fig. 22. This will 
lead to gain flat surfaces on the earth and use it 
for other things. The same design can be applied 
in hydroelectric power station where PV panels 
can be placed above the surface of the lake, in 
this way, one can produce electricity from two 
different sources, the first one is from the 
hydroelectric power station and the second one 
is from photovoltaics. 
 
For the Lebanese case, due to lack of surfaces in 
Lebanon, it is possible to build PV Farm above 
rivers and lakes. For instance the surface of the 
lake of Qaraoun is approximately 12km2, which 
means it is possible to build PV Farm with a 
capacity of production between 600MW and 
1200MW which is a large power for the 
Lebanese scale. For example, the Thermal 
Power production in Lebanon is 2.038GW [29], 
and from Hydraulic power plants is 220.6MW 
[29], which means if the PV Farm is installed only 
above the Qaraoun lake, it will produce about 
26.5% to 53% of the total power installed in 
Lebanon. This is very important, because it will 
resolve the problem of electricity in Lebanon. The 

same concept can be applied on the surface of 
rivers in Lebanon, in fact many rivers are not 
used for any purpose, therefore, the utilization of 
these rivers may produce electricity which is 
necessary for the energy sector in Lebanon. For 
instance, Lebanon has 16 main rivers, with an 
estimated total length of 940km, and if we 
consider the average diameter of a river is 3 
meters, we obtain a total surface of 2.8 km2, 
which is a surface that we can build photovoltaic 
panels and produce power between 140 MW and 
280 MW, which is approximately between 6.2% 
and 12.4% of the total consumed power in 
Lebanon. In conclusion, if the government 
benefits from the surface of rivers and lakes in 
Lebanon, it will produce approximately between 
740 MW and 1480MW which is an important 
source of free energy. 
 

8.2 Vertical PV Plant 
 
Other solution is to install vertically Photovoltaic 
panels on buildings or create vertical walls where 
photovoltaics can be installed (Fig. 23), in this 
way a small surface produces a large amount of 
energy and the ratio Energy/Surface is very high. 
The cost of installation and reparation will be 
high, but this is the best solution to produce 
energy where large surface of lands are not 
available in a certain country or region. 
 

8.3 PV Panels on the Rooftops of 
Buildings 

 
If the first two solutions are difficult to be 
implemented, therefore, the government should 
use the rooftops of buildings in order to install PV 
panels and generate electricity from the sun 
radiations; this is the best solution for such 
situation. For instance, there is not any official 
document for the total number of buildings in 
Lebanon for this year; in 1996 it was 518,858 
buildings according to [41], where the population 
was about 3.5 million, in another meaning 6.7 
persons in one building. In 2015, the population 
is about 4.5 million according to [42], and number 
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of foreigners in Lebanon is about 1.7 million 
(there is no an official and accurate data about 
this number, but it is estimated due to problems 
in Lebanon, Syria and the region). Table 4 
presents a summary about the estimated power 
that can be produced using only rooftops of 
residential buildings. 
 

In conclusion, the energy sector in Lebanon 
consumes about 2.3GW, and if the government 

benefits only from 12.5% of the total rooftop 
surfaces of the residential buildings, it will be 
able to supply electricity to the whole country 
even without using any power plant. This is the 
big advantage of the PV system over any other 
power production systems. And this is the future 
of power production in small countries such as 
Lebanon. 

 

 
 

Fig. 22. Hybridization between photovoltaics and hydroelectric power station 
 

 
 

Fig. 23. Vertical photovoltaic farm 
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Table 4. Estimated power that can be produced in Lebanon using only rooftops of residential 
buildings 

 
Description Values 
•Lebanese Population (2015) 4.5 million [42] 
•Foreigners in Lebanon (2015) 1.7 million 
•Total Population (2015) 6.2 million 
•Estimated number of buildings (2015) 925,373 
•Average surface of top roof per building 200m2 
•Total available surface of top roofs 185km

2
 

•Estimated installed power from PV on the top roofs 9.25-18.5 GW 
 

9. CONCLUSION 
 
The photovoltaic system is preferred with respect 
to other sources of energy. The future of 
photovoltaics is promising, the efficiency 
increase each year and it is expected to 
overpass 50% in the next decades, the price of 
photovoltaic system is decreasing which will give 
it advantages with respect to other renewable 
energy systems. 
 
In conclusion, this paper presents a general 
review on photovoltaic system. The models and 
mathematical expressions of photovoltaic cells 
are presented. The MATLAB model of the 
standard expression of photovoltaic module is 
designed. The results are discussed, many 
characteristics such as I-V curves and P-V 
curves are simulated using different parameters. 
An economic study of building 100MW 
photovoltaic farm is presented and discussed. 
Finally, some propositions of the installation of 
PV panels above lakes and rivers in Lebanon 
can produce power about the half consumed 
power in the country, which is a very efficient 
way to produce energy using non utilized 
surfaces. This will resolve the problem of 
electricity in Lebanon. 
 

SPECIAL NOTE   
 
The authors’ contribution is that this is the first 
study made for Lebanon to build 100 MW 
Photovoltaic Farm, and it compares different 
tariffs in Lebanon such as from PV Farm, Power 
Authority (EDL), Private Generators, and 
Regional Distributors. And it shows clearly that 
the PV Farm is possible to be built in Lebanon 
only for certain conditions. Some other solutions 
to integrate PV system when there is lack of 
large surfaces are proposed, one of the solutions 
is to construct PV systems on the surface of 
lakes and rivers which will produce a large 
amount of energy, and this method is sufficient to 

supply approximately the half needed energy in 
Lebanon, we have also studied the possibility of 
integration of PV panels on rooftops of residential 
buildings, and we have found that if the 
government uses only 12.5% of the total rooftop 
surface of residential buildings, it will be able to 
supply the needed power to the whole country 
without using any other power plant. 
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