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Abstract 

In this paper, development and simulation of an efficient small-scale  hybrid wind/photovoltaic/fuel cell for supplying 
power are presented. The hybrid system consists of wind and photovoltaic as a primary power system. The solar and 
wind energy are complementary to each other. The solar energy has always be interrupted during the night. .During 
the day the sun is strong. The wind is more at night. In summer sunshine is good and wind is weak. Spring and winter 
has more windy day, so they are complement. The objective of this study is to design and control a hybrid system that 
guarantees the energy continuity. A simple control method is applied to the proposed configuration  to simultaneously 
achieve three desired goals: to extract maximum power from each hybrid power system component; to guarantee dc 
bus voltage regulation at the input of the inverter; to reduce the harmonic distortion. The power fluctuation of the 
proposed hybrid system has been reduced as compared to that of each individual system and it has been completely 
suppressed using the FC system. 

Index Terms :- Hybrid power system, maximum  power point tracking, DC bus voltage regulation. 

 

1. Introduction 

Population growth and economic development are accelerating and the rate at which en  electrical energy is 
being demanded is increasing rapidly. All methods of electricity generation have consequences for the environment, 
so meeting this growth in demand, while safeguarding the environment poses a growing challenge. Renewable energy 
technologies offer the promise of clean, abundant energy gathered from self-renewing resources such as the sun, wind, 
water, earth, and plants. Virtually all regions of the world have renewable resources of one type or another. 
Renewable energy technologies offer important benefits compared to those of conventional energy sources. 

Worldwide, 1000 times more energy reaches the surface of the earth from the sun than is released today by 
all fossil fuels consumed. Photovoltaic and wind generation are also an attractive source of energy because of their 
benign effect on the environment. Hybrid power systems consist of a combination of renewable energy sources such 
as: photovoltaic (PV), wind generators, hydro, etc., the best applications for these systems are in remote places, such 
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as rural villages, in eletro communications, etc. The importance of hybrid systems has grown as they appeared to be 
the right solution for a clean and distributed energy production.      

As a kind of green energy, wind-pv hybrids system has been getting more and more attention. The 
complementary of solar and wind power make the whole system structure compactification , safety and reliability. 
The solar energy has always be interrupted during the night .But the opportunity will become little when they became 
weak together in this condition. During the day the sun is strong. The wind is more at night. In summer sunshine is 
good and wind is weak. Spring and winter has more wind day, so they are complement. 

This project aims at building a combined wind/photovoltaic system which provides uninterrupted power 
supply for low voltage distribution system. The hybrid system consists of wind and photovoltaic as the primary power 
system. A fuel cell is added as a secondary system to ensure continuous power supply. The objective of this project is 
to guarantee the energy continuity. 

1.1 Maximum power point tracking 

Maximum power point tracking (MPPT) is a technique that grid tie inverters, solar battery chargers and 
similar devices use to get the maximum possible power from one or more solar panels. Solar cells have a complex 
relationship between solar irradiation, temperature and total resistance that produces a non-linear output efficiency 
known as the I-V curve. It is the purpose of the MPPT system to sample the output of the cells and apply the proper 
resistance (load) to obtain maximum power for any given environmental conditions. 

 

2. RELATED WORKS 

The integration of renewable energy sources to form a hybrid system is an excellent option for distributed 
energy production due to the daily and seasonally variations in the climatic conditions, including solar irradiance, 
wind speed, temperature, and so forth. Many such hybrid systems comprising of WEC, PV and FC have been 
discussed in literature [1–3]. 

Various techniques of MPPT have been considered in PV power applications. The perturbation and 
observation (P&O) method, moves the operation point toward the maximum power point by periodically increasing or 
decreasing the array voltage, is often used in many PV systems. The advantage of this method is that it works well 
when the irradiation does not vary quickly with time; however, the P&O method fails to quickly track the maximum 
power points [4]. 

Solar photovoltaic (PV) arrays in portable applications are often subject to partial shading and rapid 
fluctuations of shading. In the usual series-connected wiring scheme, the residual energy generated by partially shaded 
cells cannot be collected. Rapid fluctuation of the shading pattern makes maximum power point (MPP) tracking 
difficult; generally, there will exist multiple local MPPs, and their values will change as rapidly as does the 
illumination [5]. 

  The modeling of a PV wind hybrid system in Matlab Simulink is also done. The model is useful for 
simulation of a hybrid PV-wind system connected to a grid. Blocks like wind model, PV model, energy conversion 
and load are implemented and the results of simulation are also presented. [6] 

 El-Shatter et al. proposed a standalone hybrid wind–PV–FC energy system. Two dc–dc buck boost 
converters are employed for maximum power point tracking (MPPT) and dc output voltage regulation for each 
subsystem of WEC and PV. Also, four complex fuzzy logic controllers are designed to adjust the duty cycles of the 
two buck boost converters to achieve MPPT and output voltage regulation for wind and PV systems [7]. 

 ln series-connected wiring scheme, the residual energy generated by partially shaded cells either cannot be 
collected (if diode bypassed) or, worse, impedes collection of power from the remaining fully illuminated cells (if 
not bypassed). Rapid fluctuation of the shading pattern makes maximum power point (MPP) tracking difficult; 
generally, there will exist multiple local MPPs, and their values will change as rapidly as does the illumination. In 
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this paper, a portable solar PV system that effectively eliminates both of the aforementioned problems is described 
and proven. This system is capable of simultaneously maximizing the power generated by every PV cell in the PV 
panel. The proposed configuration consists of an array of parallel-connected PV cells, a low-input-voltage step-up 
power converter, and a simple wide bandwidth MPP tracker. Parallel-configured PV systems are compared to 
traditional series-configured PV systems through both hardware experiments and computer simulations in this paper. 
Study results demonstrate that, under complex irradiance conditions, the power generated by the new configuration 
is approximately twice that of the traditional configuration.[8] 

 

3. PROBLEM DEFINITION 

 In order to efficiently and economically utilize renewable energy resources of wind and PV applications, 
some form of backup systems are almost universally required. Storage energy systems (SES) as battery banks or 
super capacitors are very important for solar-wind power generation systems. 

  PV and wind energy sources with FCs, as a storage device replacing the conventional huge batteries or 
super storage capacitors, leads to a non-polluting reliable energy source and reduces the total maintenance costs. The 
FC generation system offers many advantages over other generation systems: low pollution, high efficiency, 
diversity of fuels, reusability of exhaust heat and onsite installation. 

 Various techniques of MPPT have been considered in PV power applications. The perturbation and 
observation (P&O) method, which moves the operation point toward the maximum power point by periodically 
increasing or decreasing the array voltage, is often used in many PV systems. The advantage of this method is that it 
works well when the irradiation does not vary quickly with time; however, the P&O method fails to quickly track 
the maximum power point. The incremental conductance (IncCond) method is also often used in PV systems. The 
IncCond method tracks the maximum power points by comparing the incremental and instantaneous conductance of 
the PV array. The IncCond method offers good performance under rapidly changing atmospheric conditions. 
However, the conductance method has two divisions, and the structure is similar to the P&O algorithm because the 
condition because the condition dP/dV = 0 rarely happens. Furthermore, in IncCond method four sensors are 
required to perform the measurements for computations and decision making. Although the MPPT efficiency 
demonstration or comparisons to other methods is beyond the scope of the present work, a voltage based MPPT for 
PV and WEC systems has been proposed for its simplicity and faster tracking response. 

 This paper is aimed at combining WEC, PV and FC generating systems to maximize the output energy and 
reduce the output power fluctuations for standalone applications. Hybrid power systems consist of a combination of 
renewable energy sources such as: photovoltaic (PV), wind generators, hydro, etc., to charge batteries and provide 
power to meet the energy demand, considering the local geography and other details of the place of installation. 

 Fig. 1 shows harmonic distortion in phase voltage. As we know due to nonlinear load a lot of harmonic 
distortion occurs in supply system. This which shows that due to nonlinear load harmonic component occurred in 
voltage waveform. 
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Figure1. Harmonic analysis of voltage waveform 

 

4. PROBLEM EVALUATION 

4.1 PV CELL MODELING 

 PV cell are made of semiconductors material, which are specially treated to form an electric field, positive 
and negative side. The model of the solar cell can be realized by an equivalent circuit that consist of a current source 
in parallel with a diode. The current source represents the current generated by photons (often denoted as Iph or IL), 
and its output is constant under constant temperature and constant incident radiation of light. Rs and Rsh 
components can be neglected for the ideal model 

 

 

Figure2. Basic model of PV Cell 

 

4.2 Wind generation modeling 

 The WT converts wind energy to mechanical energy by means of a torque applied to a drive train. A model 
of the WT is necessary to evaluate the torque and power production for a given wind speed and the effect of wind 
speed variations on the produced torque. The torque TWT and power PWT produced by the WT within the interval 
[Vmin, Vmax], where V is the mean wind speed, are functions of the WT blade radius R, air pressure, wind speed 
and of coefficients CQ and CP. 
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Twt = . ρπR^3Cq(λ,θ)V^2 3.1 

Pwt = Cp(λ,θ)Pv = = . ρR^2Cp(λ,θ) V^3 3.2 

CP is known as the power coefficient and characterizes the ability of the WT to extract energy from the wind. CQ is 
the torque coefficient and is related to CP according to: 

Cq = Cp/λ 

Here, λ is the tip-speed-ratio, 

λ = Wwt R/V 

Where ωWT is the WT rotor speed. 

4.3 Configuration of hybrid system 

 Fig.2 shows the proposed configuration applied to a combined hybrid energy system integrating three main 
subsystems of PV,WEC and FC with three separate control units. The PV and WEC systems are used as primary 
energy source and FC stack as a backup energy source. This proposed hybrid system configuration basically differs 
from previous ones since through the use and the control of PWM inverter it can achieve dc bus voltage 
regulation/stabilization at the input of the inverter if one or more energy sources are diminished. 

 

DC Bus 

 

 

 

 

 

 

Fig.3. Grid connected hybrid WEC/PV/FC system. 

 

 This results in increased robustness and high power quality of the electric power injected to the grid from 
the inverter. It is important to point out that such hybrid power system is modular and thus easily expandable as long 
as a new PV, WEC and/or FC systems are added to the existing ones without increasing the circuit and control 
complexity. In addition, it may also be upgraded using another parallel connected inverter and thus a very flexible 
design with high efficiency can be achieved; therefore, it is beneficial for distributed energy generation (DEG). 
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5. Conclusion 

 The paper presents a utility interactive hybrid WEC/PV/FC power system with MPPT and dc bus voltage 
regulation. The proposed hybrid system is able to provide almost continuous electric power with better reliability 
than a single power source. The controller of wind and PV has the function of MPPT control while the controller of 
FC has the function of load power fluctuation compensator. A simple control method tracks the MPP of the wind 
and PV is proposed without measuring the wind speed or solar irradiance, which is very useful for actual small size 
wind turbines and PV systems. The FC is thus controlled to provide the deficit power when the primary combined 
PV and wind energy sources cannot meet the net grid or load power demand.  

 A complete description of the hybrid system has been presented along with its detailed control scheme and 
simulation results which ascertain its feasibility. The power fluctuation of the hybrid system has been reduced as 
compared to that of each individual system and it has been completely suppressed using the FC system. Further 
work is being conducted on the overall system design and experimental implementation. 
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