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Abstract: With ever-increasing concerns on energy issues, the 

development of renewable energy sources is becoming more and 

more attractive In this paper, a detailed modeling and 

simulation of solar cell/ wind turbine/ fuel cell hybrid power 

system is developed using a novel topology to complement each 

other and to alleviate the effects of environmental variations. 

This paper reviews both the wind power and photovoltaic (PV) 

power generation techniques and their maximum-power-point 

tracking (MPPT) methods. Then, a new stand-alone wind–PV 

hybrid generation system is proposed for application to remote 

and isolated areas. The experimental results confirm that the 

proposed hybrid generation system can provide high efficiency 

with the use of MPPT. Modeling and simulations are conducted 

using MATLAB/Simulink software packages to verify the 

effectiveness of the proposed system. The experimental results 

confirm that the proposed generation system can provide high 

efficiency with the use of MPPT. The results show that the 

proposed hybrid power system can tolerate the rapid change in 

natural conditions and suppress the effects of these fluctuations 

on the voltage within the acceptable range.The proposed system 

can be used for off grid power generation in non interconnected 

areas or remote isolated communities of nation.  

Key Words- Solar PV System, Wind Energy System, Hybrid 

Solar-Wind System, Off Grid Generation, Maximum Power 

Point Tracking (MPPT)  

 

I. Introduction 

 

With their advantages of being abundant in nature and nearly non 

pollutant, renewable energy sources have attracted wide 

attention.Wind power is one of the most promising clean energy 

sources since it can easily be captured by wind generators with 

high power capacity. Photovoltaic (PV) power is another 

promising clean energy source since it is global and can be 

harnessed without using rotational generators. In fact, wind power 

and PV power are complementary to some extent since strong 

winds are mostly to occur during the nighttime and cloudy days 

whereas sunny days are often calm with weak winds. Hence, a 

wind–PV hybrid generation system can offer higher reliability to 

maintain continuous power output than any other individual 

power generation systems. In those remote or isolated areas, the 

stand-alone wind–PV hybrid generation system is particularly 

valuable and attractive. The main objective of this paper is to 

come out with an experimental model of off grid PV-Wind energy 

system and analysis its hybrid operation. As green house effects 

and environmental issues becomes more of a concern, renewable 

energy is one of the options in reducing pollution. Furthermore, 

natural resources used in the production of power are dwindling 

and becoming more expensive. There are a few types of 

renewable energies; photovoltaic (PV) system and wind energy 

system. PV modules used to be expensive, but in recent years, 

their price has been slowly dropping, and the payback period also 

reduces, as they become increasingly economical, they will be 

used in more applications. PV modules output efficiency has also 

increased in recent years about 24 to 30%, and with these growths 

in photovoltaic technology, there is no doubt that PV will have a 

good stand in the near future. The majority of electricity is 

generated by burning coal, rather than more eco-friendly methods 

like hydroelectric power. This use of coal cause untold 

environmental damage through CO2 and other toxic emissions’. 

The energy sector is by far the biggest source of these emissions, 

both in India and globally, and if we are to tackle climate change 

it is clear we need to move away from burning limited fossil fuel 

reserves to more sustainable and renewable source of energy. The 

proposed system can be used for off grid power generation in non 

interconnected areas or remote isolated communities of nation. 

For the stand-alone off grid system, the hybrid generation system 

can easily be set up in remote and isolated areas where a 

connection to the utility network is either impossible or unduly 

expensive. Over the years, there have been only a few research 

works on the standalone wind–PV hybrid generation system in 

which the wind generators are focused on induction machines. 

The purpose of this paper is to present a new stand-alone 

wind–PV hybrid generation system for remote or isolated areas. 

The keys are to perform flux control of the wind generator so as 

to extract the maximum power from the wind turbine and to 

perform duty cycle control of the single-ended primary 

inductance converter so as to harness the maximum power from 

the PV panels. Hence, this hybrid generation system forms a 

highly independent generation system from day to night. 

 

II. System Configuration 

 

Fig.shows the configuration of the proposed wind–PV hybrid 

generation system. This hybrid generation system is constituted 

by a wind power generation branch and a PV power generation 

branch. The wind power generation branch is composed of a 

doubly excited PM brushless machine, a three-phase rectifier, a 

shared battery tank, and a shared inverter. On the other hand, the 

PV power generation branch is composed of an array of 3 × 3 PV 
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panels, a SEPIC, a dc/dc converter, a shared battery tank, and a 

shared inverter. While the SEPIC performs the MPPT for the PV 

panels, the dc/dc converter functions to step up the SEPIC output 

voltage so that the same battery tank is shared by both the wind 

power and PV power branches. The inverter is used to convert the 

dc voltage to the ac voltage so that a typical household can freely 

utilize electricity from the ac 

 
 

Fig.1. Proposed wind–PV hybrid generation system 

 

If there are multiple generation systems connecting to the grid, 

synchronization among inverters needs to be taken. Since the 

additional inverter will inevitably cause efficiency loss, the 

concept of dc microgrid is under active research.  

The proposed wind–PV hybrid generation system possesses the 

following features. 

 

1) Similar to other wind–PV hybrid generation systems , the 

proposed system utilizes the battery tank and inverter to couple 

the wind power and PV power branches. Additionally, the PV 

power can directly be used for dc field excitation of the doubly 

excited PMgenerator, rather than conducting dc/ac conversion 

that involves inevitable power loss. Thus, this feature is 

particularly advantageous for a small-size stand-alone wind–PV 

system in which the PV panels are mounted onto the pole of the 

wind generator and the resulting PV power is relatively limited. 

 

2) The wind power generation branch and the PV power 

generation branch of the hybrid generation system can 

independently be controlled, hence achieving the MPPT 

simultaneously. 

 

3) Compared with an individual generation system (the wind 

power or the PV power), the wind–PV hybrid generation system 

cannot only harness more energy from nature but also allow the 

wind power and the PV power to complement one another to 

some extent between day and night. 

 

4) For the wind power generation branch, the doubly excited PM 

brushless generator, as shown in Fig., adopts the outer rotor 

topology, which enables the rotor to directly couple with the wind 

blades. Hence, it can eliminate the complicated mechanical 

transmission and the relevant costs. Also, since the proposed 

generator adopts two excitations (PMs and dc field windings), it 

can flexibly regulates its magnetic field distribution and 

consequently control the output voltage and power. Thus, without 

using an additional power converter, which usually exists for the 

conventional MPPT, the generator itself can adjust the output 

power at a given wind speed and realize the MPPT. 

 

5) For the PV power generation branch, solar energy is directly 

converted to electricity by the PV panels and then controlled by a 

SEPIC for the MPPT. This PV power generation branch 

processes the merits of simple structure and uncomplicated 

control. 

As compared with the latest wind–PV hybrid generation systems , 

the proposed system offers some distinct energy-efficient merits.  

First, the system in previous paper was simply based on parallel 

operation of a wind-driven induction generator and a 

battery-coupled PV array via a three-phase inverter. This system 

cannot perform any efficiency optimization for the wind generator 

or the PV array. Also, because of inevitable rotor copper loss, the 

induction generator inherently suffers from relatively lower 

efficiency than the PMbrushless generator.  

Second, the system in paper was based on parallel operation of a 

wind-driven PM synchronous generator and PV panels with a 

battery bank as energy storage. It utilizes a dc/dc converter to 

perform the MPPT for the PV panels, while it attempts to use a 

three-phase rectifier and another dc/dc converter to maximize the 

wind power generation. It is anticipated that this system can offer 

higher efficiency than the previous one since it utilizes the MPPT 

to harness PV power and a PM brushless generator to capture 

wind power. However, the use of a dc/dc converter to maximize 

the wind power generation is too idealized or impractical, which 

may even impair the originally captured wind power. The whole 

system of paper was assessed by computer simulation only.  

Third, the system in one paper was based on parallel operation of 

a wind-driven induction generator and a PV array with a battery 

bank as energy storage. It employs a threephase space-vector 

PWM ac/dc converter to regulate the d- and q-axis current in such 

a way that the captured wind power can be maximized, while it 

utilizes a dc/dc converter to perform the MPPT for the PV array. 

This system is more practical than that in one paper and should 

offer higher efficiency than , but it still suffers from relatively low 

efficiency of the induction generator and relatively complex 

control due to d–q-coordinate transformation. The configuration 

of the proposed system is similar to that in previous but with a 

special doubly excited PM brushless generator. Hence, it can 

inherit the high efficiency of PM brushless generators, while it 

can employ simple dc current control to perform efficiency 

optimization over a wide range of wind speeds. Therefore, the 

proposed system can offer higher efficiency than other wind–PV 

hybrid generation systems. 

 

7) In terms of costs, the proposed hybrid system definitely takes 

an advantage of lower cost than two individual wind and PV 

power systems since it can share the same battery tank for energy 

storage, the same inverter for dc/ac conversion, and the same 

digital hardware for the MPPT. As compared with other wind–PV 
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hybrid generation systems in last one paper, the proposed system 

will be relatively less costly than , which is due to the fact that the 

induction generator is cheaper than the proposed doubly excited 

PM brushless generator, while the conventional PM synchronous 

generator desires more PM materials and, hence, more expensive 

than the proposed one. Nevertheless, taking into account the 

reduction of operating cost due to efficiency optimization., 

 

II. Proposed Problem 

For wind-PV hybrid power generation, it has two branches – 

namely, the wind power generation and PV power generation. 

Since the wind power and PV power can compensate each other 

to some extent during the day and night, the development of 

wind-PV hybrid power generation is attractive. As PV becomes 

more affordable, its demand will increase. With this increase, the 

future for grid tied PV systems or off grid systems will be better. 

PV systems can replace batteries, as its technology becomes more 

advance and standard for safety is increased. Grid tied PV 

systems are increasing in number over years. The technology is 

used to provide either uninterrupted Power Supply, 

feeding/selling the excess power to the grid or as a stand-alone. 

(a) PV system. (Solar cell) 

A solar cell module is the basic element of each photovoltaic 

system. It consists of many jointly connected solar cells. A 

number of solar cell models have been developed, but the one 

diode electrical equivalent circuit is commonly used for cell based 

or module based analysis. It consists of a diode, a current source, 

a series resistance and a parallel resistance. The current source 

generates the photo-current that is a function of the incident solar 

cell radiation and temperature. The diode represents the p-n 

junction of a solar cell. The temperature dependence of the diode 

saturation current and constant diode ideality factor are included 

in the modeling. At real solar cells, a voltage loss on the way to 

the external contacts is observed. This voltage loss is expressed 

by a series resistance (Rs). Furthermore leakage currents are 

described by a parallel resistance (Rsh). However, the series 

resistance is very small and the parallel resistance is very large 

[6]. So we can ignore Rs and Rsh. The solar cell current equation 

is- 
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Here constant is given by- 

 
 

 

 We used the solar cell current and voltage equation to build a 

solar cell model by MATLAB/Simulink. 
 

 
Fig. 2 Solar PV System Outputs without mmpt (i), (ii) and (iii) 

 

             
 

Fig. 3 Solar cell main final outputs of current and voltage for off 

grid system in (i),(ii),(iii) and (iv) 
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Modeling of Photovoltaic system 

Although there is much interest in PV system, there are still not 

much off grid-connected PV systems in the world today. In this 

paper, we are going to look at the components that make up a 

off - grid-connected PV system are discussed. In years to come, 

when PV modules become cheaper, and have a place in the 

power market, it could serve as means of energy storage for 

residents and commercial buildings. Energy storage in this 

sense, without utilizing batteries, is an improvement; however 

problems are inherent in these systems too. There is little 

information on the real extent of these systems as there are not 

much demonstration models on the system in the world today.  

(b) Wind System  
The power output of wind turbine is relating to wind speed with 

a cubic ratio. Both the first order moment of inertia (J) and a 

friction based dynamic model for the wind turbine rotor, and a 

first order model for the permanent magnet generator are 

adopted. The dynamics of the wind turbine due to its rotor 

inertia and generator are added by considering the wind turbine 

response as a second order slightly under-damped system [4]. 

Using this simple approach, small wind turbine dynamic is 

modeled as 
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4(i) Output Curve of Cp and wind speed 

4(ii) Output Curve of Rotor speed and wind speed 

 
  4(iii) Without Zoom out  

 

 
4(iv) Output Curve of Vdc and wind speed 

 
4(v) Out put power and wind speed 

Fig. 4 (i),(ii),(iii),(iv) and (v) Out of Wind System 

(c) Fuel Cell 

The PEM fuel cell is one of the most promising and certainly 

the best known of the fuel cell types satisfying above 

requirements. It is often considered as a potential replacement 

for the internal combustion engine in transportation 

applications. The PEM fuel cell consists of porous carbon 

electrodes bonded to a very thin sulphonated polymer 

membrane. The thermodynamic potential E is defined via a 

Nernst equation in expanded form as  
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The parametric equation for the over-voltage due to activation 

and internal resistance developed from the empirical analysis is 

given as 

 

 
The combined effect of thermodynamics, mass transport, 

kinetics, and ohmic resistance determines the output voltage of 

the cell as defined by 

 
The ohmic voltage loss in the fuel cell is given by 

 
The fuel cell system consists of a stack of 65 similar cells 

connected in series. Therefore, the total stack voltage is given 

by 
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Using the mole conservation principle, the gas pressure of the 

fuel cell anode is given as 

 
The gas pressure of the fuel cell cathode is given as 

 
Using (6)-(16), the MATLBA/Simulink model of a fuel cell is 

built. 

D. Electrolyzer 

Water can be decomposed into its elementary components by 

passing electric current between two electrodes separated by an 

aqueous electrolyte [7]. The electrochemical reaction of water 

electrolysis is given by 

 
According to Faraday’s law, hydrogen production rate of an 

electrolyzer cell is directly proportional to the electrical current 

in the equivalent electrolyzer circuit. 

 
where ie is the electrolyzer current, nc is the number of 

electrolyzer cells in series, and η F is the Faraday efficiency. 

The ratio between the actual and the theoretical maximum 

amount of hydrogen produced in the electrolyzer is known as 

Faraday efficiency. Assuming that the working temperature of 

the electrolyzer is 40 ℃, Faraday efficiency is expressed by 

 
According to the (18) and (19), a simple electrolyzer model is 

developed using Simulink. The storage and consumption are 

also considered in this model. 

 
Fig. 5 Output of Electrolyzer efficiency and time  

E. Ultra-Capacitor Model 

Ultra-capacitors are used in power applications requiring short 

duration peak power. An ultra-capacitor is an energy storage 

device with a construction similar to that of a battery. In this 

subsection, we present the model of the UC bank to perform 

load sharing with the FC system when they simultaneously 

operate with the wind turbine and solar cell. Although FC 

systems exhibit good power supply capability during steady 

state operation, the response of fuel cells during instantaneous 

and short-term peak power demand periods is relatively poor. In 

these periods, the UC bank can assist the FC system to achieve 

good performance whereas reducing the cost and size of the FC 

system. Such an ultra-capacitor module was connected in 

parallel with the fuel cell to reduce its voltage variation due to 

sudden load changes. The ultra-capacitor is modeled as a low 

pass filter with the transfer function given below 

 
Where capacitance C=108.75 μF , series resistance Rc=16 mΩ 

and stray resistance Rs=0.01 Ω. 

III. System Description 

 The system consists of a 75W solar cell, a 400W wind turbine, 

a 500W proton exchange membrane fuel cell, an 

ultra-capacitors, an electrolyzer, and a power conditioner. The 

power conditioner includes a boost circuit and a SPWM 

inverter. It is used to step up ultra capacitor voltage to DC 200V 

and invert to 120Vrms, 60Hz AC. The wind turbine adopted is 

Southwest Wind power Air 403. When wind speed is 12.5m/s, 

the wind turbine produces the maximum power 400W. Solar 

cell adopted is SIEMENS SP75 and its maximum power is 

75W. Wind turbine and solar cell are the main sources to supply 

load demand. Fuel cell model includes a fuel cell module and a 

fuel controller. The fuel controller consists of two PID 

controllers to limit the flows of hydrogen and oxygen. The fuel 

cell is a accessory generator in this system and supplies 

insufficient power. In order to keep the supply and demand is 

balanced. When the supply is bigger than the load need, the 

electrolyzer model electrolyzes water to produce hydrogen and 

store it for further usage. Thus, the system can circulate supply 

load demand and energy will not be wasted. 

IV. Results 

Simulation results with step changes in load demand, wind 

speed, radiation, and ambient temperature are analyzed and 

shown in Figs. The initial wind speed is 10 m/s. Wind speed 

increases, at t=10s, from 10 to 12 m/s and decreases to 8 m/s at 

t=16s. The solar cell initially supplies power at the radiation 

400W/m2 and temperature 25°. At 15s, the radiation increases 

to 600W/m2 and temperature also increases to 28°. The load 

demand changes from 375W to 225W at 10s. These step inputs 

cause changes in available power and load consumption. The 

power tracking performance of the hybrid topology with respect 

to load demand change and environmental variations is shown 

in Fig.  

 
6(i) Out put solar power with time in hybrid system. 

 
6(ii) Out put solar power and wind power with time. 
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6(iii) Output of solar wind and load with time 

 
6(iv) Final Out put of solar wind and load and fuel cell with 

time 

Fig. 6 (i), (ii),(iii) and (iv) represent the variation curve for out 

put power of solar system, wind system , load and fuel cell with 

time in a hybrid system. 

Fig. 4 show the Power tracking performance of the hybrid 

topology with respect to load demand change and environmental 

variations. Associated parameter variations in solar cell, wind 

turbine, fuel cell, ultra capacitor, power converter output, and 

system performance are analyzed. With variation in load, the 

power demand changes from 375W to 225W at 10s as shown in 

Fig. The fuel cell provides power for load requirement because 

of the output powers of the wind turbine and solar cell are not 

sufficient enough to supply load demand at t=0s to 10s. 

However, as the wind speed increases, the captured power 

increases and the contribution of the fuel cell decrease. Any 

excess power is diverted to the electrolyzer during this period. 

Similarly, with sudden decrease in wind speed, the contribution 

of the fuel cell starts at t=19.1s. With changes in load and 

environmental conditions, the solar cell current and fuel cell 

current vary as shown in Fig.  

 
 7(i) Out put current in solar cell model with time. 

 
7(ii) Output current in solar and fuel cell with time 

Fig. 7(i),(ii) shows the variation in current with time for solar 

cell and fuel cell in our model. 

These changes are reflected in the performance of the fuel cell 

system. The stack current variation at t=0s to t=10s is due to 

start-up transients and load demand, as the solar cell’s and wind 

turbine’s contributions are limited and fixed. During t=10s to 

t=16s, the fuel cell current decreases to zero because load 

demand is reduced and the wind turbine increases output power. 

After t=16s, variation in fuel cell current is due to changes in 

power demand from the fuel cell with varying availability of 

wind energy. Such changes in fuel cell current cause the stack 

voltage to vary significantly. Generally, a lower level of current 

implies higher stack voltage and vice versa. The use of an ultra 

capacitor in parallel with the fuel cell reduces the stack’s output 

variation as shown in Fig.  

 

 

 
8(i) Output voltage of ultra capacitor with time. 

 

 
8(ii) Output voltage of solar with time. 

 

 
8(iii) Output voltage of fuel cell with time. 

 



      International Journal of Engineering Research                              ISSN:2319-6890)(online),2347-5013(print)                      

   Volume No.4, Issue No.12, pp : 673-679                                                          01 Dec. 2015 

doi : 10.17950/ijer/v4s12/1209 Page 679 

 

 
8(iv) Out voltage of solar and wind with time. 

Fig.8 (i),(ii),(iii),and (iv) represent the voltage variations with 

time for capacitor, solar, fuel and wind system. 

With variations of the ultra-capacitor voltage between 49 and 62 

V, the power converter unit regulates the load voltage. The 

controller in the boost converter adjusts the duty ratio so as to 

attain a fixed 200V DC in the inverter’s input. The inverter, on 

the other hand, delivers a 120 Vrms, 60 Hz AC to the load. The 

hydrogen is a fuel of fuel cell. The electrolyzer electrolyzes 

water to produce hydrogen by the excess power of the system 

and store it from t=10s to t=19.1s. The variation of hydrogen in 

storage tank is shown in Fig.  

 
Fig.9 Hydrogen variation in storage tank. 

The system can circulate supply load demand and renewable 

energy will not be wasted. 

 

V. Conclusion and Future Scope 

Conclusion 

A generalized PV model has been developed in 

MATLAB/SIMULINK. A portion of the energy requirement for 

a private house, farm house, a small company, an educational 

institution or an apartment house depending on the need at the 

site where used has been supplied with the electricity generated 

from the wind and solar power. It reduces the dependence on 

one single source and has increased the reliability. Hence we 

could improve the efficiency of the system as compared with 

their individual mode of generation. This thesis describes 

renewable energy hybrid Wind-PV with battery energy storage 

system. In Hybrid Wind-PV System, PV system acts as a main 

source. 

 

 

This hybrid generation system can fully utilize the 

characteristics of the proposed wind generator and the PV 

panels to extract the maximum power from the wind and solar 

energy sources. Also, this hybrid generation system takes a 

distinct merit that the wind power and PV power inherently 

complement one another to certain extent, hence facilitating 

continuous output power from day to night. 

     In this hybrid system with using fuel cell is more 

efficiency, long life and cheapest compare to hybrid system with 

using battery. The parameters of the controller can be further 

improved or advanced control method can be used. A computer 

measurement and control bus will be added to the system. 

Computer controlled relays will be added to allow all the major 

elements of the system to be switched in and out of the system 

through computer programs. The measurement bus will be 

connected to all the major signals in the system and will allow 

simultaneous data acquisition of all the major signals in the 

system. These improvements will allow the study of more 

complex issues such as power faults caused by sudden over 

voltages like lightning. In future to improve the stability and 

dynamics of grid connected Wind-PV generator. Some of 

question raised are:-   
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