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 الملخص

 

ي الآونة الأ 
ة أصبحت ف  ي ضوء ارتفاع أسعار توليد الطاقة من المصادر غير خير

 إلى الطاقة البديلة ف 
ً
الأنظار أكير التفاتا

ي غاية الأهمية. 
د إيجاد مصادر طاقة بديلة أمر ف  ي ضوء الواقع الذي تعيشه فلسطير  يُعَّ

 النظيفة مثل الوقود الأحفوري. و ف 

 

ي ف إن أكير مصادر الطاقة
 ف 
ً
وع اقة الشمسية إلى جانب طاقة الرياح. لسطير  هي الطالبديلة توفرا دراسة يقدم هذا المشر

ي مدينة الخليل     HOMER Proباستخدام برنامج  جدوى إقتصادية  
يف الواقع ف  ويد مصنع الشر بنظام طاقة مزدوج يجمع بير  لي  

 كالتالىي ، الطاقة الشمسية وطاقة الرياح 
 :  تم عمل سيناريوهير 

 

 من مجمل إستهلاك المصنع للطاقة .   %31نظام طاقة شمسية متصل مع شبكة الكهرباء ,عمل على تغطية  •
         

 

% 38نظام طاقة شمسية متصل مع شبكة الكهرباء بالاضافة الى نظام يحتوي على توربينات رياح ,عمل على تغطية  •
           من أحمال المصنع .
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Abstract 

 

 

The Renewable energy becomes popular in the recent days due to the rising of fuel and natural 

gas prices and due to the desire to have clean sources of energy. The Palestinian energy sector is not 

independent, so the cost of electricity is too much high than anywhere else in the world.  

 

Solar and Wind are the most available sources in Palestine so they should be used in present 

project as a Hybrid system. 

 

This project presents an economic feasibility study using the HOMER Pro software to supply 

Al-Sharif factory that located in Hebron city (latitude of 31°31′09.6" 𝑁 and longitude of 

35°04′11.5" 𝐸), with a hybrid energy system that combines between solar and wind energy. 

 

 Two scenarios were created as follows: 

• A solar energy system connected to the grid. The system covers 31% of the factory's total 

energy consumption, and the payback period was six years.  

 

• A solar energy system connected to the grid in addition to a system that contains wind turbines. 

The system covers 38% of the factory's loads, and the payback period was nine years and ten months

.

 

 

Keywords: Hybrid system, renewable energy, solar power, PV, wind power, HOMER. 
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1.1 Introduction 

Renewable energy resources are the most important and expected field to find new energy 

sources to meet up the large demand in power all over the world especially in developing countries. 

Solar and wind are the most popular resources between renewable resources because it's easy to 

access, greatly available and possibility to convert it to electricity.  

 

The hybrid power generation system that consists of more than one source can overcome the 

interrupts in the supplying power so that keeps the power production at the required levels. 

 

This project aims to study the construction of the optimal hybrid power generation system, it 

is based on the data of Al-Sharif factory in Hebron with average annual consumption of 377,246 

kwh/year. And discuss the price of the parameter and parts of the system. Then simulate the system 

for power supply analysis, quality, and economic impact. The system is connected to the grid to 

improve the reliability of supply to the load. 

 

 

1.2 Overview 

The fundamental concept of this project is to study and analyze the load profile of Al-Sharif 

Factory and collect the results from HOMER Pro software that will be used to decide if the renewable 

energy sources will be economically feasible or not. 

 

 

1.3 Literature Review 

This project aims to design an economically feasible hybrid PV-wind turbine system for Al-

Sharif Factory, the project will be using the data of load profile of the factory, wind data, and solar 

radiation of the factory's region. The hybrid system of two resources using to enhance the reliability 

of the system. 
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A study design of a hybrid solar-wind power plant using optimization focused on designing a 

model that would allow finding the optimal system design parameters of a hybrid solar-wind system, 

taking into consideration the number of solar arrays and wind turbines, as well as the wind turbine 

rotor diameter and height. Karim Mousa, Hamzah AlZu’bi and Ali Diabat meet the load of different 

applications using our designed hybrid system, while minimizing costs. After the tests were carried 

out, a complementary relationship between both individual systems was visible. In the summertime, 

when solar radiation is abundant and there is little wind energy, the solar arrays supply most of the 

required energy. In wintertime, when wind velocities are higher and there is less solar radiation, it is 

the wind turbines that supply most of the required energy, thus providing clear evidence of a 

complementary relationship between the two sources [1].  

 

a E.C. Okonkwo et al simulations in 2017 show that a stand-alone system is adequate and 

reliable in supplying the load demand of the hotel. Optimization modeling also shows that it is viable 

to obtain a 100% renewable factor consisting of a 20 kW PV, a 10 kW Bergey XL10 wind turbine 

system with a 7 kW converter and eight 16 V batteries of the capacity of 1900 Ah. the system is 

economically viable with SIR greater than 1 [2].  

 

Abdul Razaque Sahito and Sukru Dursun present in their paper the cost analysis of on-grid 

and off-grid solar PV system for the Institute of Environmental Engineering & Management, in 

Pakistan. The optimization results show that the grid-connected system is more economically if we 

compare it with the off-grid solar PV system for the same load with that from the simulation results 

it is investigated that the NPC (net present cost) of on-grid system is less than off-grid system and the 

reason is the extra-large battery bank is required for the backup system [3].  

 

Abdel Aleem chose Perhentian Island as a case study area. It is located in Terengganu, far 

away from grid utilities. This island is exposed to vary season to season wind speed of 2 m/s to 13 

m/s. Since the island has high wind potential, it would be advantageous for wind turbine The current 

average estimation of daily energy consumption of this island is 1253 kW h/day. However, the current 

technology still costly and emit pollutants. Thus, the idea of proposing a new energy system 
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technology that is cost-effective, environmental friendly is important. HOMER software has been 

chosen to carry out this article; The optimization results, are presented at the current fuel price of 

$0.57 per liter, and at scaled annual average wind of 7.78 m/s, and solar of 5.24 kW h/d [4].  

 

 Ahmad Rohani and Kazem Mazlumi chose Shiraz (South, Iran, 29◦ 36’ N, 53◦ 40’ E) as case 

study area This data has been analyzed to assess utilization of hybrid PV/WG/battery/FC power 

systems to meet the load requirements of a typical remote village (with annual energy demand 

average of 623 (kWh/d)) , the monthly average daily solar radiation ranges from 3.26 to 7.61 

(kWh/m2).  In this case using HOMER SIMULATION MODEL In the present work, the selection 

and sizing of components of the hybrid power system have been done using NREL’s HOMER 

software. The simulation results indicated that a hybrid power system comprising of 150 (kWpeak) 

photovoltaic system together with 100 (kW) wind generator system, 25 (kW) fuel cell, and battery 

storage of 6 hours of autonomy (equivalent to 6 hours of average load), would be a feasible solution 

for distributed generation of electric power for stand-alone applications at remote locations. The cost 

of generating energy from the above hybrid PV/WG/FC/battery system has been found to be 0.398 

(US$/kWh). The hybrid PV/WG/FC/battery power system offers several benefits such as: utilization 

rate of PV generation is high; load can be satisfied in the optimal way; reliable power supply; and a 

reduction in the capacities of PV, FC and battery (while matching the peak loads) can occur. Also it 

has been found that the unmet load was only 654 (kWh) per year. The environmental friendly nature 

of the hybrid system can also be depicted from the annual emission of the system [5].  

 

 

1.4 Objectives 

 

1.4.1 General Objective 

To study the feasibility of solar-wind hybrid power systems for Al-Sharif Factory 

located in Dweirban, Hebron. 
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1.4.2 Specific Objective 

To analyze and evaluate the renewable energy potential mainly for solar and wind 

resources at the factory. 

 

 

1.5 Challenges 

This study has faced many challenges, main challenges represented as: 

 
1. The access for data and data collection: 

 
• There is no previous information about load profile for Al-Sharif Factory. 

 
• There is no wind data collected for the factory's region. 

 

2. Self-learning of HOMER Pro software and lack of educational materials about it. 

 

 

 

1.6 Importance and Motivation 

A hybrid power generation system with more than one renewable energy source allows 

integration of the different energy resources into an optimum combination and can overcome the 

fluctuation in the power supply. The high-intensity availability of one energy source could overcome 

the unavailability of the other during a certain period, keeping the power production at required levels.  

This research meets the need of AL-Sharif factory to find an alternative source of energy to 

reduce the payment of electricity bills.   
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1.7 Time Plan 

The following Table1.1 shows the project introduction work divided in fifteen weeks: 

 
 

Table 1. 1: Time Table. 

 

 

 

 

 

 

 

 

weeks 

Tasks 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Analyze collected 

data  

               

Enter data to 

Homer  
               

Result extraction                

Analyze results                 

Documentation  
               

Preparing the 

presentation  
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Chapter Two 

HOMER Software 

 

 

 

 

2.1 Introduction of HOMER Software and Analysis of Techno- Economic   

Parameters 

 

2.2 Techno-Economic Analysis 
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2.1 Introduction of HOMER Software and Analysis of Techno-

Economic Parameters 

 

HOMER software is basically a computer model, a micro power optimization model 

developed by the United States National Renewable Energy Laboratory (NREL). This program was 

developed to design power systems and compare power generation technologies. The HOMER 

software models the physical properties of the hybrid power system and all the total installation and 

operating costs, with costs over their lifetime. This program allows different power system designs 

using technical and economic data. It also helps to understand the changes  in the data used when 

modeling the system. HOMER software includes photovoltaic panels, wind turbines, small power 

hydroelectric power plants, biomass power, piston engine generators, fuel cells, battery and hydrogen 

storage systems. 

 

 

This program performs three basic tasks; simulation, optimization, and sensitivity analysis. 

 
 

In the simulation process, HOMER software models a specific energy system configuration 

performance, technical feasibility, and life-cycle cost for each hour of the year. 

 

 

In the optimization process, it simulates many different system configurations to determine a 

system configuration that meets the technical constraints, taking into account the lowest life cycle 

cost. 

 

In the sensitivity analysis section, the HOMER software performs a number of optimization 

operations under several input assumptions to measure the effects of changes in inputs and 

uncertainties on the system. 

 

The optimization process determines the optimum value of the variables determined by the 

person designing the system, such as the combination of the elements that make up the system and 

the size or quantity of each of these elements. Sensitivity analysis helps assess the effects of changes 

in variables, such as average wind speed or future fuel price, that are not available to the designer [6].  
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2.2 Techno-Economic Analysis 

The economic dimension is included in the simulation stage and in the optimization stage in 

the HOMER software. In other words, it is included in the calculations. HOMER software works 

during the simulation process to minimize the total net cost today. In the optimization process, the 

lowest total sorts of top-down system configurations with today's net cost. At the same time, in the 

optimization process, HOMER software has to compare the economic aspects of a wide range of 

system configurations of renewable and conventional energy sources many times. In order to make 

these comparisons correctly, it is necessary to take into account both capital and operating costs. 

Life Cycle Cost Analysis also covers all costs incurred during the life of the system.  

 

HOMER software uses the total present net cost value to represent the life cycle cost. NPC is 

a parameter that summarizes all costs and revenues that have occurred during the life of the project, 

together with the future cash flows discounted to the present with the use of the discount rate as the 

amount of money paid in today's dollars. The hybrid power system designer can determine the life 

and discount rate of the project. The total current net cost includes the initial investment cost, the 

cost of renewal, maintenance, fuel, and electricity from the grid. Revenues include electricity sold 

to the grid and the cost of scrap generated as a result of life. Costs are evaluated as positive and 

revenues as negative.  
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3.1 General Block Diagram 

The system will be consisting of PV panels, small scale wind turbines and inverter. The 

schematic diagram of the hybrid power system is shown in Figure 3.1. 

 

 
Figure 3. 1: Block diagram of PV-Wind hybrid system. 

 

 

 

 

3.2 Description of Photovoltaic Design 

 
3.2.1 Description and Modeling of Photovoltaic 

Energy exists in different forms and can be converted from one form to another. Solar 

energy, in terms of electromagnetic radiation, can be converted to another form of energy 

through various routes as solar thermal conversion, photovoltaic conversion, and 

photochemical conversion. Solar energy can be converted to thermal energy, electrical 

energy, or chemical energy depending on the kind of interaction between solar radiation and 

matter. Energy conversion through the photovoltaic route requires an increase in the potential 

energy of the electrons. For this purpose, the material is required to possess energy levels. 
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The energy difference between levels should be more than the room temperature 

energy of electrons. A semiconductor device functions in a similar way. P-N junction diode 

is essential for the generation of photovoltage. For the collection of the energy of a photon in 

the form of electrical energy through solar cells required to increase the potential energy of 

carriers i.e. electrons and holes and the separation of these carriers. Former is done by the 

collection of photon energy by carriers due to which they remain in higher energy level and 

the latter is achieved by the asymmetry of P-N which provides built-in electric field at the 

junction [7]. When this P-N junction is exposed to light, photons are absorbed and an electron-

hole pair is formed. These carriers are swept apart under the influence of the internal electric 

fields of the P-N junction and create a current proportional to the incident radiation. 

 

When a cell is short-circuited, this current flows in the external circuit; when open-

circuited, this current is shunted internally by the intrinsic p-n junction diode. Thus, 

characteristics of PV cells are presented by diode characteristics [8]. 

 

 

3.2.2 Mathematical Modeling of Photovoltaic Cell 

An ideal solar cell can be considered as a current source with current produced directly 

proportional to solar radiation falling on it. The practical behavior of a cell is deviated from 

ideal due to the optical and electrical losses. The optical loss is represented by the current 

source itself, where the generated current is proportional to light input. The recombination 

losses are represented by diode-connected parallel to the current source, but in the reverse 

direction as recombination current flows in the opposite direction to light generated 

current[7]. The ohmic losses in the cell occur due to the series and shunt resistance denoted 

by and respectively. The series resistance is the resistance offered by the solar cell in the path 

of current flow. 
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The current (Ic) which flows to the load is the difference between (IL) and (ID) and it 

is reduced by the resistance (Rs) and Rsh [9]. 

 

 

Two resistances (Rs) and (Rsh), are included to model the contact resistances and the 

internal PV cell resistance respectively. The value of these two resistances can be obtained 

from measurements or by using curve fitting methods based on the I-V characteristic of PV. 

The equivalent electrical circuit for a PV cell or module is illustrated in Figure 3.2. 

 

 

The current source (IL) depended on the solar radiation and the ambient temperature. 

The (I-V) characteristics of a photovoltaic cell can be determined by the following equations. 

The terminal current of the model (IL) is given by equation 3.1[10]: 

 

𝐼 =  (𝐼𝐿)  −  (𝐼𝐷)  −  (𝐼𝑠ℎ) (3.1) 

        

Where: 

 

(IL): photocurrent from a photovoltaic cell (A). 

 

(ID): is the current passing through none linear diode (A). 

 

(Ish): current through shunt resistance (A). 

Figure 3. 2: Equivalent circuit of PV cell.[9] 
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The photocurrent (IL) is a function of solar radiation and temperature, it is determined 

from the equation 3.2 [10] : 

 

 

𝐼 𝐿 =  [𝐼𝑆𝐶 +  𝑘𝑖(𝑇𝑐  −  𝑇𝑟)] 𝐺/𝐺𝑛 (3.2) 

 

 

Where: 

 

Isc: is the short-circuit of the cell at standard test condition (STC: Gn = 1000 W/m and Tr = 

298.15 K) (A). 

ki: is the short-circuit temperature coefficient of the cell (A/K). 

Tc and Tr: are the working temperatures of the cell and reference temperature respectively  

(k). 

 G and Gn: are the working solar radiation and nominal solar radiation respectively (w/m). 

 

 

The diode saturation current Id of the cell varies with the cell temperature which is 

expressed in the equation 3.3 [10] : 

 

𝐼𝑑 =  𝐼0[𝑒𝑞(𝑉𝐿+ 𝐼𝐿  𝑅𝑠) ×𝐴×𝑘×𝑇𝑐 ] (3.3) 

                        

 Where: 

 

   I0: reverse saturation current of the diode (A). 

   q: is the electron charge (1.6021 × 10−19) C.  

  VL: output voltage of the photovoltaic cell (V).  

  Rs: series resistance of cell (ohm). 

  A: is the ideality constant of diode depend on the PV technology. 

  k: Boltzmann constant (1.38 × 10−23 j/k). 
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The shunt current Ip is given by equation 3.4 [10]: 

 

𝐼𝑝  =  (𝑉𝐿  +  𝐼𝐿  +  𝑅𝑠)/𝑅𝑝 (3.4) 

 

Where: Rp is parallel resistance (ohm). 

 

 

3.2.3 Characteristics of Photovoltaic Module 

The performance of a photovoltaic module depends on manufacturing technology and 

operating conditions (solar radiation and temperature). The curve of current-voltage (I-V) 

which determines the behavior of a photovoltaic cell is represented  

 

 

 

The main electrical parameters that describe the performance of a Photovoltaic cell 

are: 

 
1. Short circuit current Isc The value of (Isc) can be obtained by connecting the terminals of a 

module via an ammeter and measuring the current. The value of (Isc) changes in function of 

solar radiation and very little of temperature. 

 

2. Open circuit voltage (VOC) It’s the voltage of a PV module measured at terminals at no load. 

 

Figure 3. 3: Characteristic of PV module [10]. 
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3. Maximum power point (MPP) The maximum power point of a photovoltaic is a unique point 

on the (I-V) or (P-V) Characteristics and the power supplied in this point is maximum, where 

measured in Watts (W). its value can be calculated by the product Vmax and Imax. 

 
4. Fill Factor (FF) The ratio of output power at maximum power point to the power computed by 

multiplying Isc by VOC , as illustrated in Figure 3.3. 

 

 

3.3 Wind Energy Basics 

The wind is an abundant, free, clean, sustainable, and environmentally friendly renewable 

energy source. It has served the human civilization for many centuries by propelling ships and driving 

windmills to grind grain and pump water, and nowadays also for electrical power production. 

 

Most wind turbines (WT) are machines built to convert the containing power in the wind into 

electricity. The main classification of those machines is according to the interaction of their blades 

with the wind by aerodynamic forces - drag or lift or a combination of both; and the orientation of the 

rotor axis with respect to the ground and to the tower – upwind or downwind. 

 

Among the VAWTs machines, we highlight the Savonius (Figure 3.4 b) mostly used for water 

pumping and the Darrieus (Figure 3.4 a) WT. They have the advantage of receiving wind from any 

direction not requiring tracking mechanisms of the wind direction and that the coupling between the 

rotor and the generator can be made at ground level, allowing easy access for maintenance meaning 

that smaller towers get reduced costs [11].  
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 The main disadvantage is that it has no self-starting, high torque fluctuations, and limited 

options of regulations at high wind speed. 

 

The other type is the HAWT’s where the rotors are kept perpendicular to the wind and the 

rotational driving force is lift and the blades can be in front (upwind) or behind (downwind) of the 

tower. The HAWTs take advantage of extracting higher wind speeds farther from the ground as the 

rotors are placed on the top of a tower.  

 

Figure 3. 5: Diagram of parts that constitute a wind turbine [11]. 

 

 

Figure 3. 4: Types of rotors according to the orientation of its axis. (a) Darrieus rotor - Vertical 

Axis (b) H-type rotor - vertical axis, and (C) Upwind horizontals axis rotor [11]. 
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The nacelle contains the main components of the WT such as the electricity generator, gearbox, 

and the rotor. The generator transforms the rotational mechanical energy delivered by the gears, into 

electrical energy. The generator may be of asynchronous, synchronous, direct current and alternating 

current commutated types each having its advantages and disadvantages, the use of one type or the 

other will depend on the turbine size or the specific application and on the preferences of the 

manufacturer of the turbine [11].  

 

In the present work, we will focus on the HAWT’s with three blades attached to a central hub 

as it is the most widespread in the wind power industry and in use today. Together, the blades and the 

hub form the rotor (the main element to capture energy), which are connected to an electrical 

generator. When the wind blows, the rotor turns and the generator produces alternating current (AC) 

electricity. WT with multi-blade rotors (20 or more blades) have high starting torque in light wind 

and are mainly used for mechanical water pumping [11].  

 

The main configuration and components of the HAWT are shown in Figure 3.5, which 

consists of a tower and nacelle mounted at the top of a tower.  

 

3.4 Solar Inverter 

A solar inverter or PV inverter, is a type of electrical converter which converts the variable 

direct current (DC) output of a photovoltaic (PV) solar panel into a utility frequency alternating current 

(AC) that can be fed into a commercial electrical grid or used by a local, off-grid electrical network. 

allowing the use of ordinary AC-powered equipment. Solar power inverters have special functions 

adapted for use with photovoltaic arrays, including maximum power point tracking and anti-islanding 

protection.  
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4 
Chapter Four 
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In this chapter, the various options of power generation system was modeled, also modeling 

of each component in the system and determining the required parameters for each component, 

moreover entering the obtained parameters into the HOMER software. 

 

 

 

4.1 Modeling of Load Profile 

Al-Sharif Factory is one of the factories that producing foodstuffs, it was founded in 1990 and 

its located in Hebron in the Dweirban district. 

 

 The factory produces many products that are classified into winter products such as “Ras Al-

Abd” and summer products such like various shapes of pastry, cakes, cupcakes, jellies and juices. 

  

The building of the Factory consists of five floors, which are basement, ground, mezzanine 

floor, then first and second floors. The total area of the Factory is equal to 6099 square meters and 

Figure 4.1 shows Al-Sharif Factory’s location. 

 

 

Figure 4.1: Al-Sharif Factory’s location (PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT). 
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The daily consumption data of the factory for the last year (2019) was obtained from Hebron 

municipality and this study based on it. The Factory will add production lines for chips during the 

current year (2020), so the daily load will increase in the future.  

 

 

The average daily load for Al-Sharif Factory is 740.38 kWh/day. The hourly maximum load 

is 103.85 kW, while the average hourly load value is 40 kW. 

 

 

Figure 4. 2: Al-Sharif Factory daily load curve. 

 

And the following figure (Figure 4.3) shows the Daily Load profile for each month.  

 

 

 

 

 

 

 

 

 

 

 

  Figure 4. 3: Daily Load profile. 
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The following figure (Figure 4.4) shows the monthly load profile. 

 

 

 

 

 

 

 

 

 

4.2 Modeling of Energy Resources 

In this study, information about modeling of energy resources is represented. 

 

 

4.2.1 Modeling of Solar Source 

The solar radiation values of the region where the hybrid power generation system will be 

installed are very important in the production of electricity in solar energy. 

 The coordinates of Al-Sharif Factory are at the latitude of 31°31′09.6" 𝑁 and the longitude 

of 35°04′11.5" 𝐸. Using the coordinates of the factory, monthly average solar radiation data was 

obtained with the help of HOMER software from NASA. 

 

 

 

 

 

 

 

 

 

 Figure 4. 4: Monthly Load profile. 
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Monthly average solar radiation data is shown in Figure 4.5. 

 

 

 

Figure 4. 5: Monthly average solar radiation and cloudlessness index in of Al-Sharif Factory region. 

 

 

The indicator (clarity index) in Figure 4.5 is a measure of the clarity of the atmosphere. This 

value is high in clear weather and low in cloudy weather. The average annual radiation is 5.15 

kWh/m2/day. 

 

 

4.2.2 Modeling of Wind Source 

There are two options in the HOMER software for modeling the wind source. Either the 

average wind speeds of each month of the year can be entered or downloaded the hourly wind speeds 

of one year by the HOMER software from internet. for this study the Wind speed values have been 

downloaded from the internet by using HOMER software. Figure 4.6 shows the monthly average wind 

speed data. 
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Figure 4. 6: Wind speed data in Al-Sharif Factory’s region. 

 

  

4.3 Modeling of Wind Turbines 

The AWS5.1kW wind turbine model will be used in the modeled hybrid renewable power 

generation system, it has a rated output power equals 5.100 kW. 

 

 

The rotor diameter of the turbine is 5.24 m. tower height is 12 m. Typical production of 25-75  

kWh per day. The power curve of the turbine can be seen in Figure 4.7. 

 

 

The investment cost for one wind turbine is $8,201.580 and the replacement cost is equal to 

the initial investment cost. The lifetime of the wind turbine is 20 years. 

 

 

Figure 4. 7: wind turbine power curve. 

 



 

 

25 

 

While creating the optimum system in the study, the wind turbine number has been determined 

as (1,2,3) to find the most suitable number. 

 

 

Figure 4. 8: AWS5.1kW wind turbine. 

 

 

4.4  Modeling of The Photovoltaic System 

The photovoltaic array used in modeling the photovoltaic system in the modeled hybrid power 

generation system. Hanwha Q CELLS 325Q.PLUS L-G5 325pv panel is Selected, with rated power 

0.325 kW, and efficiency13%. The initial investment cost is $200 for 1 kW, the replacement cost is 

$200 and the annual maintenance value is $13. The lifetime of the photovoltaic system is 25 years. 

 

 

The value that enables the reduction factor, the losses that will occur at the exit of the 

photovoltaic arrays due to dirt, temperature, shade, snow cover and aging, has been used as 90%. 

 

 

 The slope value is the angle value that indicates the position of the panel, the angle is 30°. 
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Figure 4. 9: Hanwha Q CELLS 325Q.PLUS L-G5 325pv panel. 

 

 

4.5  Modeling of The Inverter 

The element defined as a converter in HOMER works as an inverter that converts direct current 

to alternating current ABB27.6 converter is selected, the investment cost for 1 kW converter is $135, 

the replacement cost is $135 and the operating and maintenance costs are $10 / year. 

 

Figure 4. 10: ABB 27.6 inverter. 
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4.6 Modeling of The Network 

In the HOMER program, the grid is designed in such a way that electricity can be purchased 

when needed, and electricity can be sold when required. When modeling the grid, if electricity is 

purchased from the grid, the amount to be paid to the electricity company is $0.2/kWh, and when the 

electricity that the system sells is a net metering system, then the values in $0.05/kWh are also used 

to determine the amount to be The electric company paid it. 

 

 

4.7  Determination of Economic Parameters 

• (NPC) 

The total net present cost (NPC) of a system is the value of all parts that the system consists 

over its lifetime minus revenues. It contains capital, replacement, O&M and fuel costs, emissions 

penalties, and the cost of buying power from the grid [12].  

 

• (COE) 

HOMER determines the Levelized cost power (COE) as the average cost per KWh of useful 

electrical energy produced by the system [13]. To calculate the COE, HOMER divides the annual cost 

of electricity production (total annual cost minus the cost of the convection service) by the total 

electrical load of the server. 

• Operating costs 

The net present cost (or life-cycle cost) of a component is the present value of all the costs of 

installing and operating the component over the project lifetime, minus the present value of all the 

revenues that it earns over the project lifetime [14].  
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• O&m 

The Operation and Maintenance (O&M) cost of a Component is the cost associated with 

operating and maintaining that Component [15].  

 

• Capital Cost 

The initial capital cost of a component is the total installed cost of that component at the 

beginning of the project [16].  
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5 
 

Chapter Five 

Discussion and Evaluations 

 

 

 

 

5.1 Operating Characteristics for Hybrid Power Generation Systems 

5.2 Evaluation of Hybrid Renewable Power Generation Systems 

5.2.1 On-Grid/ Photovoltaic Panel Production System 

5.2.1.1 PV Panel Distribution 

5.2.1.2 Homer Simulation Results 

5.2.2 On-grid/ Wind-PV Hybrid Power Generation System 

5.2.2.1 The distribution of Wind-Photovoltaic Hybrid Renewable 

Power Generation System 

5.2.2.2 HOMER Simulation Result  
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In this chapter, basic assumptions and principles relating to the parameters used during the 

design of the hybrid power generation system are defined. Designed hybrid power generation system 

options were examined by taking into account these parameters in details. 

 

 

5.1 Operating Characteristics for Hybrid Power Generation Systems 

The aim of this project is to reduce the Factory's electricity bills by generating electrical energy 

using solar cells and wind turbines. The rooftop area of  the Factory controls the capacity of the hybrid 

system. 

 

 

5.2 Evaluation of Hybrid Renewable Power Generation Systems 

5.2.1 On-Grid/ Photovoltaic Panel Production System 

On-grid/photovoltaic panel System is a system consisting of On-grid system, solar panels, 

converters, and electrical load (Al-Sharif Factory daily load), it is planned to meet a part of the load 

demand. Figure 5.1 shows on grid/photovoltaic system. 

The system contains 

• PV panel type Hanwha Q CELLS325. 

•  inverters type ABB 27.6. 

• On grid system with unlimited power. 

• Electrical load.  

 

 

 

 

 

 

 

Figure 5. 1: on grid /photovoltaic system. 
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5.2.1.1  PV Panel Distribution 

 

The system selection  

 

• PV panel type Hanwha Q CELLS325 with total number 228. 

• 3 inverters type ABB 27.6. 

 

 

The PV number selection is based on the available area which is the space above the surface 

of the second floor, and the available space on the first floor, the total available area is 945 m2. 

   

PV panels were distributed to the following form  

 

• Inverter #1 

 

MPPT 1 = 3 strings *12 panel 

MPPT 2 = 3 strings *12 panel 

 

• Inverter #2 

 

MPPT 1 =3 strings *12 panel 

MPPT 2 =3 strings *12 panel 

 

• Inverter #3 

 

MPPT 1 =3 strings *14 panel 

MPPT 2 =3 strings *12 panel 

 

The total number is 228 PV panels. 

 

The solar cells were distributed as shown below in Figure5.2.  
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Figure 5. 2: Distribution of photovoltaic cells on the rooftop for Al-Sharif Factory. 

 

 

5.2.1.2 HOMER Simulation Results 

 The following Figure 5.3 shows PV output during a year. 

 

Figure 5. 3: PV output during a year. 
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And the figure below (Figure 5.4) shows monthly average electricity production. 

  

 

Figure 5. 4: Monthly average electricity production. 

 

The rate of photovoltaic power generation system is shown in Table 5.1, PV panels worked 

for 4,390 hours. The unit energy cost of the system is 0.0173 $/ kWh.  

 

 

The simple payback of this investment is six years.  

 

 
 

Table 5. 1: The rate of photovoltaic power generation system. 

production kWh/year % 

Hanwha Q 

CELLS325Q.PLUS L-G5 

325 

118,862 31.5 

Grid Purchases 258,385 68.5 

Total 377,247 100 
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Table 5.2 shows the Economic analysis for photovoltaic power generation system. 
 

 
Table 5. 2: Economic analysis for photovoltaic power generation system. 

Parameters Cost $ 

capital cost 28,278  

Operation and maintenance 

cost 

685,276 

Levelized COE 0.1867  

Total NPC 714,412 

Operating cost 53,307  

 

 

 

Figure 5. 5: Monthly cost of energy sold and purchased. 
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5.2.2 On-Grid / Wind-PV Hybrid Power Generation System 

ON-grid / wind-photovoltaic hybrid renewable power generation system is a system consisting 

of a photovoltaic panel, wind turbine and converter. With this hybrid renewable system, it is planned 

to meet a part of the load demand of Al-Sharif Factory. Figure 5.6 shows the on-grid/ wind-

photovoltaic hybrid power generation system. 

 

 

Figure 5. 6: On-grid wind-photovoltaic hybrid renewable power generation system. 

 

The optimum number of components used in the wind / photovoltaic hybrid renewable power 

generation system, as well as the initial investment and operating costs, total net present cost and unit 

cost of energy were calculated. Wind speed is 5.22 m/s, and solar radiation value is 5.15 kWh/m2/day. 

 

  The optimum values of each component in wind/photovoltaic hybrid renewable power 

generation system that will meet a part of the energy needs of Al-Sharif Factory are: 

 

• PV panel type Hanwha Q CELLS325 with total number 228.   

• 3 inverters type ABB 27.6. 

• 3 wind turbines type AWS HC 5.1kW. 
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 Wind turbines need an unchanging and uninterrupted flow or air to work effectively, which 

means there must be no obstructions nearby. A wind turbine is most effective when it operates in a 

steady, smooth, unchanging and uninterrupted flow of air. That never happens in the real world, but 

when planning where to install a wind turbine the locations has to be as close as possible to the ideal. 

For residential systems this isn't so much a question of how much area the wind turbine needs but of 

how much distance is required between the wind turbine and other obstructions. 

 

5.2.2.1 The Distribution of Wind/Photovoltaic Hybrid Renewable Power 

Generation System 

The following figure (Figure 5.7) show the distribution of wind- PV hybrid system on the 

rooftop for Al-Sharif Factory.  

 

 

Figure 5. 7: Distribution of wind- PV hybrid system on the rooftop for Al-Sharif Factory. 
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5.2.2.2 HOMER Simulation Result 

Renewable energy rate of wind-PV hybrid renewable power generation system shown in Table 5.3. 
 

Table 5. 3: Renewable energy rate of wind-PV hybrid renewable power generation system. 

production kWh/year % 

Hanwha Q 

CELLS325Q.PLUS L-G5 

325 

118,862 31.4 

AWS HC 5.1kW Wind 

Turbine 

20,891 5.52 

Grid Purchases 238,891 63.1 

 

 

Figure 5.8 show the monthly average electric production for wind/photovoltaic hybrid 

renewable power generation system. 

 

 

 
Figure 5. 8: Monthly average electric production. 
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The figure below (Figure 5.9) shows PV output during a year. 

 

Figure 5. 9: PV output during a year. 

 

 

And the figure below (Figure 5.10) shows wind turbine output during a year. 

 

Figure 5. 10: wind turbine output during a year. 
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The figure below (Figure 5.11) shows Monthly costs of energy sold and purchased. 

 

Figure 5. 11: Monthly costs of energy sold and purchased. 

 

The simple payback of this investment is nine years and ten months.  

 

Table 5.4 show the Economic analysis for wind / photovoltaic hybrid system. 
 

Table 5. 4: Economic analysis for wind / photovoltaic hybrid system. 

Parameters Cost $ 

capital cost 49,883 $ 

Operation and maintenance 

cost 

633,135 $ 

Levelized COE 0.178 $ 

Total NPC 690,300$ 

Operating cost 49,540 $ 
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Chapter Six 

Summary 

 

 

 

6.1  Summary  

6.2  Recommendations 
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6.1 Summary 

The on grid/wind-photovoltaic hybrid renewable power generation system. Is the optimum 

system configuration to meet a part of the energy needs of Al-Sharif Factory, 3 wind turbines of 5.1 

kW AWS model, 74 kW PV panel and 3 converters of 30 kW. The initial investment, operation and 

total net present cost of the optimum renewable power generation system is $49,883, $49,540 and 

690,300$ respectively . The simple  payback  of this investment is nine  years  and ten  months . The 

output  energy  rate   of wind  and photovoltaic  hybrid  renewable  power  generation  system  of the 

demand is 5.52% , 31.5 % respectively. 

 

Photovoltaic renewable power generation system. The model consists of 228 PV panels and 3 

inverters with a power of 30 kw. The initial investment, operation and total net present cost of the 

optimum renewable power generation system is $28,278, $53,307 and $714,412 respectively. The unit 

energy cost of the renewable power generation system equals 0.0174$ /kWh. The simple payback of 

this  investment is six  years  . The  output  energy  rate  of photovoltaic  renewable  power  generation 

system of the  demand is 31.5 %.  

 

 

 

6.2 Recommendations 

• In this project, the load analysis is the predicted value. If the power suppliers can 

provide the real load data, the project will be more accuracy. 

 

• In the simulation section, the statistical solar and wind speed data is used. If the real 

time weather data is used to make the simulation, the results will have better 

persuasion. 

 

 

• Consideration must be given to the locations of solar cells and wind turbines so 

more than one scenario should be taken to get the optimized solution. 
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Appendix A  Datasheet for 

The PV Panel 
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Appendix B  Datasheet for 

The Inverter 
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Appendix C  Datasheet for 

The Wind Turbine 

 

 

 

 

 

 

 



 

 

54 

 

 

 



 

 

55 

 

 
 

 
 

 

 




