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ABSTRACT: The rapidly increasing energy consumption, limited resources of fossil fuel, global warming, and 

damage to environment and ecosystem, created a higher demand for clean and sustainable energy sources like: wind, 

sea, sun, biomass etc. with high efficiency and less maintenance. Among all renewable energy resources, the energy 

through photovoltaic and wind energies have the great potential as a power generating energy source, because of their 

many advantage like inexhaustible sources, ease of accessibility and convertibility of the electricity, low or zero 

emission of pollutant gases, and low cost.  This paper proposes a hybrid energy system combining Solar photovoltaic 

and wind turbine as a small-scale alternative source of electrical energy used to supply power to those places where 

conventional generation is not practical. The integration of two or more energy sources as one helps us to increase the 

output power of the system as a whole. The main objective is to develop a MATLAB/Simulink analysis of photovoltaic 

and wind energy system. The proposed model is designed with a user friendly icon and a dialogue box like simulink 

block libraries. In this paper a flexible simulation model for a hybrid off-grid photovoltaic/wind using MATLAB
TM 

simulink is presented, the model is thoroughly explained and the components are presented in great details. PV and 

wind are primary power sources of the system and battery/diesel generator is used as a backup for long run application. 

 

KEYWORDS: Boost converter, Diesel generator, Hybrid generation system, MATLAB simulation, solar energy, 

Stand-alone application, Wind turbine. 

I. INTRODUCTION 

 

Renewable energy from wind turbine and solar photovoltaic are the most environment friendly type of energy to use. 

They have come of age and are global phenomenon, the world's fastest growing energy resources, a clean and effective 

modern technology that provides a bonfire of hope for a future based on sustainable, pollution free technology.[1] 

Small-scale stand-alone power generation systems are an important alternative source of electrical energy, finding 

applications in locations where conventional generation is not practical. Consider, for example, remote villages in 

developing countries or ranches located far away from main power lines. In this paper a hybrid energy system 

combining variable speed Wind Turbine and PV array generating system is presented to supply continuous power to 

the stand-alone load. The wind and PV are used as main energy sources, while the battery and diesel generator set is 

used as back-up energy source. 

 

Moreover, wind and solar energy power generation set is placed on rich resource areas, such as sea-island, remote 

region, which demand unmanned operation and remote-monitor. At present, the human are faced with the problem of 

energy sources lack and environment worsened and the exploiter of new energy is urgent. Wind and solar energy attract 

much attention because of naturally available, pollution free and inexhaustible. In the regions where solar energy and 

wind energy are complementary in nature, the application of wind-solar hybrid generation systems (WSHGS) can 

reduce the capacity of batteries and the total cost of the system compared with stand-alone PV or wind generation 

systems. [2] These independent systems cannot provide continuous source of energy, as they are seasonal. For example, 

standalone solar photovoltaic energy system cannot provide reliable power during non-sunny days. The standalone 

wind system cannot meet constant load demands due to significant fluctuations in the magnitude of wind speeds from 
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hour to hour throughout the year. Therefore, energy storage systems will be required for each of these systems in order 

to satisfy the power demands. [3] 

 

Usually storage system is expensive and the size has to be reduced to a minimum possible for the renewable energy 

system to be cost effective. Hybrid power system can be used to reduce energy storage requirements. With the rapid 

economic development, energy consumption increased year by year, conventional energy sources are being depleted, so 

there is an urgent need for renewable energy. In the current renewable energy resources, with the greatest potential and 

the most development value is wind and solar. Study of wind and photovoltaic power generation is to alleviate the 

energy shortage, and ensure the implementation of the sustainable development strategy. This makes the wind-solar-

storage hybrid generation system has a good application prospect. [4] The wind-solar-storage hybrid generation system 

is mainly used for regions or users which load demand is small. The characteristic of wind-solar-storage hybrid 

generation system is that only solar and wind energy is the power source and the energy storage unit works when the 

output of natural resources can’t meet the load demand. 

II. RELATED WORK 

 

The system with combination of different sources of energy is called hybrid system and the hybrid system is not new 

concept it has gained more consideration during the last two decades by many researchers such as Diaf et al [5] 

Nandi et al [6] evaluated the feasibility of a proposed wind-PV hybrid power system in Bangladesh and showed that 

wind, PV-battery is economically viable as a replacement for conventional grid energy supply for a community at a 

minimum distance of about 17 km from grid. 

Dihrab et al [7], proposed a hybrid system as a renewable resource of power generation for grid connected applications 

in three cities in Iraq and showed that it is possible for Iraq to use the solar and wind energy to generate enough power 

for some villages in the desert or rural. 

III. MODELING OF PV CELL 

 

Solar cell is a p-n junction fabricated in a thin wafer or layer of semiconductor. The electromagnetic radiation of solar 

energy can be directly converted electricity through photovoltaic effect. Being exposed to the sunlight, photons with 

energy greater than the band-gap energy of the semiconductor are absorbed and create some electron-hole pairs 

proportional to the incident irradiation. Under the influence of the internal electric fields of the p-n junction, these 

carriers are swept apart and create a photocurrent, which is directly proportional to solar insolation. PV system 

naturally exhibits a nonlinear I-V and P-V characteristics, which vary with the radiant intensity and cell temperature. 

The equivalent circuit of a solar photovoltaic (PV) cell is given in the following figure. It includes a diode, a shunt 

resistance and a series resistance. [8] 

 
Fig 1: equivalent circuit of Photovoltaic cell 

 

The voltage-current characteristic equation of a solar cell is given as; 

 I=IPH–Is[exp q(V + IRS) /kTCA −1]−(V + IRS)/ RSH       (1) 

In this equation I is the load current, IPH is a light-generated current or photocurrent, IS is the cell/diode saturation of 

dark current, V is the terminal voltage of the cell, q (= 1.6 ×10−19C) is an electron charge, k (= 1.38 ×10−23J/K) is a 

Boltzmann’s constant, TC is the cell’s working temperature, A is an ideal factor, RSH is a shunt resistance, and RS is a 

series resistance. The photocurrent mainly depends on the solar insolation and cell’s working temperature, which is 

described as; 

IPH = [ISC + Ki (TC − 298)] * λ /1000        (2) 
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Where ISC is the cell’s short-circuit current at a 25°C and 1kW/m2, KI is the cell’s short-circuit current temperature 

coefficient, TRef is the cell’s reference temperature, and λ is the solar insolation in kW/m2. On the other hand, the cell’s 

saturation current varies with the cell temperature, which is described as, 

Is= IRS (TC /TRef )
3
 exp[qEG (1/TRef 1/TC )/ kA]      (3) 

Where IRS is the cell’s reverse saturation current at a reference temperature and a solar radiation EG is the band-gap 

energy of the semiconductor used in the cell. The ideal factor A is dependent on PV technology [9]. 

With the help of above equation and description, we designed a simulink module for pv module. The simulink model is 

presented in fig 2. 

 
Fig 2:  Simulink model of PV system 

 

Fig 3:  Subsystem implementation of PV Module 

IV. MODELING OF WIND ENERGY SYSTEM 

 

Because wind energy has become the least expensive source of new renewable energy that is also compatible 

with environment preservation programs, many countries promote wind power technology by means of national 

Programs and market incentives. The wind turbine captures the wind’s kinetic energy in a rotor consisting of two or 

more blades mechanically coupled to an electrical generator. The fundamental equations governing the mechanical 

power capture of the wind turbine rotor blades, which drive the electrical generator, are given by; 

PWIND = 0.5CpAρv
3
         (4) 

Where  : Air density (kg/m3) 

A: Area swept by the rotor blades 

V: Velocity of air (m/sec), 

C p: Power coefficient of the wind turbine 

The amount of aerodynamic torque Tw in N-m is given by the ratio between the power extracted from the wind and the 

turbine rotor speed Ww in rad/s, as follows; 

Tw = Pw/ Ww           (5) 

The power coefficient Cp reaches maximum value equal to 0.593 which means that the power extracted from the wind 

is always less than 59.3% (Betz’s limit) because various aerodynamic losses depend on rotor construction [10][11]. The 

power coefficient is a function of the rotor tip-speed to wind-speed ratio (TSR). TSR is defined as the linear speed of the 

rotor to the wind speed. Tip-speed ratio λ; 

λ=Ww R/Vw          (6) 

Where Ww is the angular velocity of rotor [rad/s], R is the rotor radius [m] and Vw is wind speed [m/s] [12]. 
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Fig4: Simulink model of wind energy system 

V. MODELING OF STORAGE SYSTEM 

BATTERY 

Batteries are the basic component of an energy storage system. A battery consists of one or more electrochemical cells 

that are electrically connected. The basic components of an electrolytic cell like a lead-acid cell are a positive electrode, 

a negative electrode, a porous separator and an electrolyte. During cell operation, ions are created and consumed at the 

two electrode/electrolyte interface by oxidation/reduction reactions. The electrolyte, which cans either, be a solid or 

liquid chemical, has high conductivity for ions but not for electrons, because if the electrolyte conducts electrons then 

the battery will self-discharge. The electrolyte completes the internal circuit between the electrodes. In figure 6 the 

Thevenin equivalent battery model is presented. 

 

Fig 5: Thevenin equivalent battery model 

The open circuit voltage, internal capacitor voltage and the terminal voltage are represented by Rc, Rd and Rb and the 

polarization capacitance of the battery is represented by C. The current Ia is taken as positive if discharging and 

negative otherwise. The equation for the circuit model is: 

Vp = 1/C[((Vo - Va)/Rd) - Ib] 

Vb = Vp - IbRb 

Based on these equations a simulink model was developed for battery storage device. 

 

Fig 6: simulink model of Battery 

DIESEL GENERATOR 

Diesel generator sets convert fuel energy (diesel or biodiesel) into mechanical energy by means of an internal 

combustion engine, and then into electric energy by means of an electric machine working as generator. Fig. 8 shows 

the Simulink diagram of diesel generator set. 
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Fig 7: Simulink diagram of Diesel generator 

VI. SIMULINK DIAGRAM OF HYBRID SYSTEM 

 

 
Fig 8: Simulink diagram of hybrid system  

VII. EXPERIMENTAL RESULTS 

Figure 9 and 10 show non-linear P-V and I-V characteristic of PV module respectively obtained from simulation of PV 

module. 

  
Fig. 9: P-V Characteristics of PV module   Fig. 10: I-V Characteristics of PV module 

 

Figure 11 repersents three phase line output voltage of PMSG which convert wind energy into electrical energy through 

wind turbine. Figure 12 shows torque in N-m vs time in sec curve of PMSG. 

  
Fig. 11: Three phase line output voltage of PMSG    Fig.12: Torque of PMSG 
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Figure 13and 14 show the output load voltage and current characteristic of hybrid system when battery storage system 

has been taken as input to the system. 

 

 
Fig 13: Load Voltage characteristics of Hybrid System  

 

 
Fig 14: Load Current characteristics of Hybrid System  

 

Figure 15 and 16 represent output load voltage and current characteristic respectively of hybrid system. Peak value of 

load current is 4.5 ampere and load voltage is 1800 volt. Therefore approximately 3.24 KW of power has been 

generated when either diesel generator is available as source. 

 

 
 Fig 15: Load Voltge Characteristics of Hybrid system  
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Fig 16: Load Current Characteristics of Hybrid system  

 

Figure 17 and 18 represent output load current and voltage characteristic respectively of hybrid system 2. Peak value of 

load current is 7.5 ampere and load voltage is 1800 volt. So, it can able to supply 5.4 KW of power when either solar or 

wind energy source is available to the system.  

 

Fig 17: Load Voltage Characteristics of Hybrid system  

 
Fig 18: Load Current Characteristics of Hybrid system  
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Result analysis 

Sl. No Type of Input Peak voltage (volt) Peak current (amp) Calculated power (KW) 

1. Battery 1800 1.5 1.08 

2. Diesel Generator 1800 4.5 3.24 

3. PV/Wind 1800 7.5 5.4 

 

Table I: Output data of different generating system 

VIII. CONCLUSION 

 

This work proposed a hybrid energy generation system in which wind and solar (PV) power has been taken as primary 

source because of its advantages over other conventional sources like ease of availability, inexhaustible, and pollution 

free. But both sources are seasonal some backup supply has also been taken to maintain the continuity of power supply 

to the consumer. In this work PV cell, module and array are simulated and effect of environmental conditions on their 

characteristics is studied and non-linear P-V and I-V characteristic have been obtained. Wind energy system has been 

also studied and simulated. Both the systems are integrated and the hybrid system is used for different load and 

approximately 5.4 KW load current and voltage characteristic have been obtained. 

 

Diesel Generator has been studied and simulated and load voltage and current characteristic have been shown in figure 

5.19 and 5.20 respectively. Load voltage and current characteristic have been shown in figure 5.16 and 5.17 

respectively. By comparing these waveforms, it has been observed that output waveforms of Diesel generator sets 

contain fewer harmonic than battery output. Off-grid wind-solar hybrid power generation systems have very important 

aspect for remote and island areas.  

 

The integration of both the solar power generation and the wind power generation as a one will help us to increase the 

efficiency of the overall system and improve consistency of the power generation; here the interruption of the power 

flow could be avoided. 
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