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Abstract: 

A hybrid Renewable Energy sources (HRES) based on solar and wind energy 

system is designed in this work. The solar t model is formulated using 170 W PV 

panels which are connected in series. The wind plant is designed using PMSG 

motor and AC/DC conversion is carried out using an uncontrolled full-bridge 

rectifier. The output obtained from these plants are connected to a full bridge VSI. 

This inverter is controlled using SPWM topology. From the analysis, it is concluded 

that this proposed system produces a constant output voltage with reduced 

fluctuations. 
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INTRODUCTION 

The usage of conventional fossil fuels like 

coal/natural gas results in increased production cost 

due to their declination and it also affects the 

cleanliness of the environment. Hence, to overcome 

this, the RES are now days utilized in power 

generation. Hence, more number of researches has 

been carried out so far in the utilization of RES for 

power generation. However, the RES are utilized in 

power generation, governments also issued energy 

policies over the utilization of RES [1,2].  

Similarly, when compared to other electrical 

power generation system like thermal nuclear, the 

RES based system exhibits non-linear characteristics 

but they are pollution free generation. Keeping this 

view, all the countries in the world are moving 

towards RES. Among these various kinds of RES, 

PV and wind are generally used for power 

generation[17-19].  

Ackermann et al said that distribution generator 

is the power source which can be directly connected 

to the consumer network [3]. Wind energy is utilized 

as an alternative source to PV. It can be utilized in 

high power requirement and it can be also operated 

in both islanded/grid connected mode.  

PV plays a vital role in power generation, due its 

continuous availability and simplicity. All the RES 

are weather dependent. Hence, the power generated 

by the RES will vary according to the environmental 

condition [9,10]. Hence, by integrating the two or 

more RES together, the problem which occurs due to 

environmental conditional can be eliminated. Hence, 

the formulation of hybrid RES is an excellent work 

in distributed energy generation[11-15].  

Thus, the combination of 3 PV configurations [4] 

is carried out. They are of rated power 15 KWs. The 

conversion system is done by the buck converter 

with P&O algorithm. From the result, it is found that 

the stability of the system is assured by the 

converter. 

The Simulink model of hybrid wind and solar 

system was modeled. In this study, a novel topology 

is implemented to control both the systems and 

reduces the environmental effects [16]. 
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The fuel cell and ultra-capacitor model has been 

introduced to supply energy to the loads during the 

absence of wind/ solar system [5] and to store the 

excess energy produced by this system. 

A hybrid wind/solar system in islanded mode is 

formulated. In this system, so as to ensure the flow 

continuity to the consumers, a battery band along 

with a diesel generator is added. But when a dump 

load is connected, the battery should be full charged. 

This is the major drawback. Thus the dump load 

indirectly controls the charging of battery. This 

increases the life time of battery [6].  

A hybrid system formulated using fuel-cell and 

wind turbine can also be controlled using controller. 

A fuzzy PI controller formulated in this work 

controls the harmonics produced in the system. From 

the results, it is proven that this proposed controller 

reduces the THD to about 5% according to 

international standard [7]. 

Hybrid system with wind, PV and FC along with 

diesel generator and battery is modeled. Due to band 

variation in wind speed and variation in irradiation 

in solar. there will be fluctuations in the output 

power. Hence, UC is implemented as an alternative 

storage element. Then, PI controller is instigated to 

improve the deviations raised due to frequency 

conditions [8]. From the analysis, it is seen that the 

frequency deviations are alleviated using the 

proposed controller. Hence, in this work, to 

improvise the performance of the hybrid RES 

system, it formulates a hybrid PV and wind system. 

In this work, a distributed generation system is 

designed by modelling a solar energy plant and a 

wind turbine model in Simulink. The designed 

model is comprises three main subsections  

 Solar energy plant,  

 Wind energy conversion system  

 DC/AC conversion Unit.  

This proposed HRES is analysed in terms of design 

and analysis  and are discussed in the following 

section.  

II. HRES design 

 

The proposed HRES consists three parts;  

(i) WECS with PMSG wind turbine generator and 

uncontrolled full bridge rectifier.  

(ii) PV system containing PV panels, MPPT with 

Boost converter  

(iii) SPWM controlled VSI. 

Thus the structure of the proposed HRES is shown in 

Fig. 1. 

 

 
Figure 1. Topology of  proposed HRES. 

 

PV panels  

PV cells are made from semiconductor materials 

and it has the ability to convert sunlight directly into 

electrical energy. Thus the electrical circuit model of 

PV comprises a current source, diode and resistors as 

shown in Figure. 2. It elucidates the state of the 

simplified equivalent circuit of PV. 

 

 
Fig. 2. PV cell- simplified circuit. 

 

Wind energy conversion system 

A WECS transforms the wind power into 

electricity through an electromechanical energy 
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conversion. Whenever the load impedance matches 

with generator, the PMSG generates maximum 

power at constant rpm. The AC voltage generated by 

the PMSG is rectified into DC using an uncontrolled 

diode rectifier. In the study, a 2 kW PMSG model is 

designed for WECS. 

Full Bridge Inverter (VSI) 

The major part of this conversion unit is the 

DC/AC VSI. This proposed work utilizes 3 phase 

VSI controlled using SPWM topology for AC 

conversion.  

III. SIMULATION RESULTS 

 

The efficiency of the proposed HRES is analysed 

using a simulation carried in MATLAB. Thus the 

AC output of wind turbine is converted to DC using 

an uncontrolled full bridge rectifier. The DC output 

obtained from the  rectifier is shown in Fig. 3a. 

 

 
Fig 3. WECS rectifier current and voltage. 

 

From the figure, it is found that the proposed 

system stabilises the current and voltage of WECS. 

The current and voltage output of the PV panel is 

depicted in Fig. 4. From this, it is observed that the 

stabilised output waveforms represent the efficiency 

of the proposed topology.  

 

 
Fig 4. solar plant current, voltage, and power 

 

 
Fig. 5.  Output voltages of wind, solar and bus-

bar voltage 

The stabilised DC voltage levels of wind turbine, 

solar panel and bus-bar are shown inn Fig. 5. The 

total DC voltage obtained from bus bar is applied as 

an input to the VSI. 

 
Fig 6. The phase voltages of HRES 

 

The output phase voltage of VSI is depicted in 

Fig. 6.  From the figure, it is concluded that the 

proposed system produces the balanced output 

voltage to the load. Hence, from all these analysis, it 

is concluded that the proposed system exhibits a 
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stable output by ignoring the change in 

environmental conditions. 

 

IV. CONCLUSION 

 

This work described a HRES with solar and 

wind energy sources. They are modelled together to 

build a distributed generation system. The DC bus 

bar connection improves the stability of the energy 

conversion. This can be extended by adding FC, UC, 

diesel generator in future works. 
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