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Abstract: 
This paper proposes an optimum selection for hybrid renewable energy system. A Graphic User Interface 
(GUI) block is developed and will used in MATLAB software for this purpose. The developed GUI block 
is available for change any data of the system such as photovoltaic module, wind turbine, cost parameters, 
weather conditions and load profile. In this work, two methods of optimization are used for sizing the 
hybrid system; the linear optimization algorithm and an evolutionary optimization algorithm. Linear 
optimization algorithm is designed to obtain optimum size of a proposed PV-wind- Diesel generator 
hybrid system with and without battery storage. The objective function always seeks for minimizing the 
annual cost while the constraints are the Loss of Power Supply Probability (LPSP, Correlation coefficient 
(CC) and Inequality Coefficient (IC). 
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I. INTRODUCTION 

Renewable energy is a safe and endless energy 
source that can be utilized for heating, cooling and 
different purposes. Utilizing this clean energy 
reduces the utilization of fossil fuels and also 
reduces the environmental pollutants. Power 
fluctuation of the photovoltaic array is appeared due 
to variation of the solar radiation and the 
temperature during the time. Power fluctuation of 
the wind turbine is appeared due to variation of the 
wind velocity during the time. Due to power 
fluctuation of the photovoltaic module and the wind 
turbine, hybrid renewable energy system is used to 
decrease power fluctuation. Hybrid renewable 
energy systems appear to be viable in locations 
where electrical grid supply has not yet reached and 
may be connected to the grid [1-3]. 
Many researchers have been interested in the 
optimal design for hybrid renewable energy 

systems. Diaf et al. [4] studied the technical-
economic optimization study of the stand-alone 
hybrid PV/wind system in Corsica Island is 
presented. Koutroulis et al. [5] presented a 
methodology for optimal sizing of a stand-alone 
electric system comprised photovoltaic (PV), wind 
turbine and battery storage. 
To design the hybrid photovoltaic- wind system, 
Yang et al. [6] studied the optimal sizing method to 
calculate the optimum system configuration that 
can achieve the loss of power supply probability 
(LPSP) with a minimum annualized cost of system 
and Yang et al. [7] have applied the method to the 
analysis of a hybrid photovoltaic wind system 
which supplies power for a telecommunication 
relay station. 
Dufo-López et al. [8] presented an optimization 
method that designs the sizing and operation control 
of a PV-Battery-Diesel system with the minimum 
total net present cost by a genetic algorithm.  Chen 
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[9] researched on an optimization methodology for 
the installation capacity of a stand-alone PV-Wind-
Battery-Diesel system, taking into consideration the 
cost and reliability. Zhao et al. [10] studied an 
optimal unit sizing method for the stand-alone 
system and applied the method to a real micro-grid 
system on Dongfushan Island, China. Moreover, the 
role of the internal combustion generator in a 
hybrid electric system has been discussed by Perera 
et al. [11–14] by using multi-objective optimization. 
Furthermore, a number of research works had been 
done dealing with the optimal design and the sizing 
of hybrid energy system composed of energy 
technologies, such as fuel cells and bio-diesel 
generators [15–17].  
Bilal et al. [18] presented the problem of optimal 
sizing of hybrid solar wind system with battery 
storage as a multi-objective optimization problem 
solved using Genetic Algorithms. The system was 
designed for an isolated site in Senegal's north coast 
known as Potou and its principal aims were to 
minimize the annualized cost of the system and to 
minimize the loss of power supply probability 
(LPSP). Tafreshi et al. [19] presented a 
methodology to perform optimal unit sizing for 
distributed energy resources in a micro grid. They 
implemented a method based on graphic user 
interface to calculate the optimal system 
configuration that could achieve a customer’s 
required loss of power supply probability (LPSP) 
with a minimum cost of energy. 
The organization of this paper is as follow: section 
2 discusses modelling of hybrid system.   Section 3 
explains the objective function. Section 4 the 
discussion of results and simulation. The conclusion 
of this paper is in section 5. 

II. MODELING OF THE HYBRID SYSTEM 

A. Photovoltaic model 

The circuit equivalent of single diode photovoltaic 
model is explaining in figure 1 and the 
mathematical equation for single diode model is as 
follow [20-22]:  � = ��� − ��� − ��� 																																																		(1) 

� = ��� − ��� ��(�����)������� − 1�
− � + ������ 																																			(2)	 

Where I is current output from solar cell, ���is the 

light generated current, ���  is the leakage current, ��� is the dark saturation current of the first diode, ���  is the shunt resistance, ���  is the series 
resistance,  �  is the diode ideality factor, K is 
Boltzmann's constant, q is the charge of electron, !" 
is the cell temperature and #� is the number of cells 
in series.  

 
Fig1. Circuit of single diode photovoltaic model 

B. Wind Turbine model 

The wind turbine generates power Pw when the 
wind speed V is higher than the cut-in speed Vci and 
is shut-down when V is higher than the cut-out 
speed Vco [23-24]: 
 

$% =
&'(
') $* +�, − �"-,�*, − �"-,.�"- ≤ � ≤ �*

$*�* ≤ � ≤ �"00														�"0 ≤ �				23						�* ≤ �"-
4 												(3) 

III. OBJECTIVE FUNCTION 

The correlation coefficient can be expressed as 
follows [23]: 

66 = ∑ (89 − :). (<9 − =)>9?@A∑ (89 − :)B>9?@ . ∑ (<9 − =)B>9?@ 															(4) 
Where Dt is the demand and St is the supply at time 
t, d and s are demand and supply average over time 
period n, respectively. St is composed of two parts; 
S1 and S2 are the energy supply sources, PV 
modules and wind turbines, respectively. 



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

Available at www.ijsred.com 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 996 

The inequality coefficient can vary in the range of 
0–1 and can be given by the following equation 
[23]: 

�6 = D�>∑ (89 − <9)B>9?@
D�>∑ (89)B>9?@ +D�>∑ (<9)B>9?@

																			(5) 
Value of IC between 0 and 0.4 shows good matches 
and value above 0.5 represents bad match. 
The LPSP depends on the deficit in load energy that 
is produced when the available energy generated 
and that stored in batteries are insufficient to satisfy 
the load demand. This constraint can now be 
written as [25]: 

F$<$ = ∑ F$<(G)H9?�∑ IJ(G)H9?� (6) 
Where LPS(t) is the loss of power supply for hour t 
or the deficit in load energy that is produced when 
the available energy generated and that stored in 
batteries are insufficient to satisfy the load demand 
EL(t) for hour t. 
 

IV. RESULTS AND SIMULATION 

 
The proposed method is to optimally size a 
photovoltaic –wind turbine in hybrid energy system 
to electrify a residential remote area household near 
Red Sea governorate of Egypt. Figure 2 shows the 
global solar insolation during a year. Figure 3 
shows the wind speed variation over a year. Figure 
4 illustrates the considered residential remote area 
load profile. 

 

 Fig.2 Variety of Solar irradiance over the year 

 
Fig.4 Annual load curve 

0 5 10 15 20
0

500

1000

1500

Slope-face solar radiation

time [hour]

d
ai

ly
 s

o
la

r 
ra

d
ia

ti
o

n
 [

W
/m

2
]

 

 

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

0 5 10 15 20
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

4 Load profile

time (hr)

P
o

w
er

 (
w

at
t)



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

Available at www.ijsred.com 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 997 

  
Fig.3 The wind speed variation over the year 

Determination of one optimum solution to the load 
profile is developed according to minimize the 
objective function is ACS and the constraint is CC, 
IC and LPSP. The algorithm is developed to 
minimize the ACS and minimize the IC, maximize 
the CC of the system and keeping up the LPSP of 
the system in a certain predetermined value. There 
are three types of solution such as stand-alone 
photovoltaic system, stand-alone wind turbine 
system and photovoltaic-wind turbine hybrid 
system. The algorithm is operated as the following 
steps: 

Step1: input all data of photovoltaic model and 
wind turbine model and cost parameters. 
Step2: make three for loop of time over the day, 
variation of Npv from 0 to its length and variation of 
Nwind from 0 to its length; at each point in the tree 
loop compute the total power generated from the 
(PV-Wind turbine) sources, compute the energy 
generated(Egen) and energy of the load(Eload, if the 
Egen>= Eload then no diesel used and the capacity of 
battery is the positive difference between the Egen 
and Eload, Else; compute the difference between the 
load profile and the total power generated, based on 
that difference the rated of diesel engine generator 
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is determined as follow,'' the maximum difference 
between the load and the total power generated is 
the rated of diesel engine generator, compute the 
ACS, compute IC, compute CC, compute LPSP of 
each point in for loop. 
Step3: select the region of solution that satisfied the 
three condition of CC=0.5:1, IC=0:0.4 and 
LPSP=±10%	. 
Step4: make mask for this region of solution and 
identify the masked region in ACS and rated of 
diesel engine generator.  
Step5: export masked LPSP, CC, IC, battery, Diesel 
generator, and ACS. 
Step6: select type of solution. 
Step7: for optimum solution of stand-alone 
photovoltaic, determine the position of minimum 
value of ACS in the first column and all rows of the 
solution, after determine this position the others 
parameter (LPSP, CC, IC, diesel capacity and 
battery capacity) can be determined.       
Step8:  for optimum solution of stand-alone wind 
turbine, determine the position of minimum value 
of ACS in the first row and all columns of the 
solution, after determine this position the others 
parameter (LPSP, CC, IC, diesel capacity and 
battery capacity) can be determined. 
Step9:  for optimum solution of photovoltaic – wind 
turbine hybrid system, determine the position of 
minimum value of ACS in matrix except the first 
row and the first column of the solution, after 
determine this position the others parameter (LPSP, 
CC, IC, diesel capacity and battery capacity) can be 
determined.  
Step10: End. 

This algorithm is applied to the load described in 

figure 4; hence the flowing figures explain the 

optimal solutions. Figure 5 explain the optimal 

solution of stand-alone photovoltaic system. Figure 

6 explain the optimal solution of stand-alone wind 

turbine system. Figure 7 explain the optimal 

solution photovoltaic – wind turbine hybrid system. 

After applying the procedure using GUI MATLAB 
package to the load profile, the optimum stand-
alone photovoltaic solution is 29 unit of 
photovoltaic module with maximum power 290 
watt, 3 units of 250Ah battery, LPSP=-0.0159, 
CC=0.9568, IC=0.281 and ACS= 3115.7$/year. 
The optimum stand-alone wind turbine solution is 
76 unit of wind turbine with rated power 400 watt, 
1 unit of 250Ah battery, 2unit od 1KW diesel 
generator, LPSP=0.0993, CC=0.96336, 
IC=0.086063 and ACS= 12075.7$/year. The 
optimum photovoltaic – wind turbine solution is 28 
unit of photovoltaic module with maximum power 
290 watt,2 unit of wind turbine of 400 watt rated 
power, 3 units of 250Ah battery, LPSP=-0.0046, 
CC=0.9579, IC=0.27226 and ACS= 3324.7$/year. 
The cost of wind turbine is very high due to capital 
cost of blades, generator and tower; so that the cost 
of standalone wind turbine system is very high 
compared to the standalone photovoltaic system. 
The stand-alone photovoltaic system and the 
photovoltaic – wind turbine hybrid system is lower 
annualized system cost than stand-alone wind 
turbine; so that the stand-alone wind turbine 
solution is inapplicable. 
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Figure 5 the optimal solution of stand-alone photovoltaic system.  
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Figure 6 the optimal solution of stand-alone wind turbine system.  
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Figure 7 the optimal solution photovoltaic – wind turbine hybrid system. 
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V. CONCLUSIONS 

In this paper, a new sizing method has been applied 
to design the configuration of PV-wind-diesel 
generator hybrid system with and without battery 
capacity of electrical energy generation. The 
outlined technique defines optimum hybridenergy 
system configuration. The procedure was applied 
for either the sizing of PV-wind- diesel generator 
hybrid energy system or the sizing of PV-wind- 
diesel generator hybrid energy system with battery 
storage that is considered to a residential building in 
Red Sea governorate, Egypt. It is worth mentioning 
that the proposed methodology can be effectively 
employed for any composition of hybrid energy 
systems in any locations taking into account the 
meteorological data and the consumer’s demand. 
The estimation of the size of diesel engine 
generator is compared with the size of the 
photovoltaic module and the size of wind turbine to 
satisfy the supply power to the demand power, and 
it is also compared with the generated energy is not 
excessed the demand load energy. The sizing of 
battery capacity is dependent on the generated 
power from photovoltaic- wind hybrid system as 
follow: if the generated energy is excessed the 
consumed energy by the load, then the capacity of 
battery is the positive difference area between the 
generated energy and demand load. 
The objective function is ACS and the constraint is 
CC, IC and LPSP. The algorithm is developed to 
minimize the ACS and minimize the IC, maximize 
the CC of the system and keeping up the LPSP of 
the system in a certain predetermined value. The 
region of optimum solution of sizing PV-wind 
turbine- diesel generator hybrid energy system with 
and without battery storage is developed. There are 
several modes of solution such as stand-alone 
photovoltaic system, stand-alone wind turbine 
system and photovoltaic – wind turbine hybrid 
system. Determination of one optimum solution to 
the load profile is developed according to the 
objective function (minimum annualized system 
cost) and the constraints (LPSP, CC and IC) using 
GUI MATLAB package. 
The main conclusion of this part is: 

• Adding the battery to the photovoltaic – 
wind turbine - diesel engine generator  
hybrid system leads to decrease the region 
of solution that used the diesel engine 
generator; this leads to decrease emission of 
gases. 

• The region of optimum solution in case3 is 
satisfied the conditions of LPSP, CC and IC; 
so that this region is a global solution. 

• The GUI MATLAB package is available for 
change any data of the system such as 
photovoltaic module, wind turbine, cost 
parameters, weather conditions and load 
profile. 
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