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Abstract 

The demand for electricity is increasing day by day and the natural reserves 
of non-renewable fuels are rapidly diminishing. To avoid these energy crises, 
alternate energy source market is unavoidable which includes the wind energy, solar 
energy as well as the energy from vibrations (Piezoelectricity). There are numerous 
ways to provide the required pressure/vibration to the piezoelectric material. This 
paper proposes a hybrid simulation model that uses two energy sources which are 
wind and solar energy. The output from the piezoelectric system is converted to DC 
by a DC-DC converter. The solar panel is employed with a Maximum Power Point 
Tracking (MPPT) technique which ensures the maximum output from solar energy at 
all times. The output from both the solar panel and the piezoelectric system is stored 
in a battery which provides to DC loads directly and to AC loads through an 
inverter. 

Keywords : MPPT,DC-DC converter, PEWT, PV Energy. 

1.      Introduction 

The hybrid systems of two or more non-conventional energy sources 
are a popular trend nowadays due to their advantage of continuity of supply, 
reliability, and capability to supply increased loads. The researchers have 
conducted numerous study on hybrid models consisting of different energy 
sources during recent years [I-X]. The popular among these energy sources are 
solar, wind and pressure or vibrations. Solar energy is used to generate 
electricity by photovoltaic cells or units. The vibrations which usually go 
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wasted in so many forms (walking, transportation on roads, dynamic fluid flow, 
and windvibrations) can be utilized by using piezoelectric material which 
converts mechanical pressure into electricity. But the power output from such a 
piezoelectric system utilizing wind [IX] is usually very small and cannot power 
bigger loads. Similarly, the kinetic energy from wind is captured by a device 
called wind turbines which converts it to mechanical energy which is converted 
in electricity by a generator. But these arrangements for generating power [X] 
have the problems of huge size and heavyweights of windmills. The tower 
which supports the windmill/turbine and its associated structure is usually 100 
meters high with the blade radius for windmills of nearly 60 meters, whereas, 
the area required for operation is huge. Also due to the heavy weight of 
components and tower height, transportation and installation cost is very high. 
With these limitations, researchers have been looking for alternative approaches 
to utilize wind energy instead of conventional windmill setup which has the 
issues of high cost and greater maintenance required. Considering the problems 
associated with these two energy sources, the alternative conclusion with 
possible solution is to combine these two sources. That is to say, if the linear 
vibrations from the windmill placed at a comparatively lower height are 
delivered to piezoelectric materials, an increased output can be obtained with 
the additional advantage of elimination of windmill supports which reduces the 
transportation cost and maintenance required by a great extent. 

II.    Literature Review 

The authors in [XI] present a model which utilizes the dynamic fluid 
flow of wastewater with the aid of piezoelectric material to generate electricity. 
The flange coupling inside the pipes house the piezoelectric patches which are 
further connected to the electrical circuit. A water tank is used to store and 
supply water to the system and a motor is used to recirculate the flow of water.  
In [XII], a detailed review of sources is given which provide pressure for 
piezoelectric material to be converted in electrical energy. Pressure from sea 
waves, walking, transportation on roads, wind, from raindrops impact and 
dynamic fluid flow are studied as potential sources of input to the piezoelectric 
material. Different ways of generating electricity from vibrations and pressure 
on roadways, bridges, and railways using piezoelectric material in [XIII], [XIV] 
and [XV]. The authors in [I] proposed a hybrid model in which the output from 
a solar panel and wind turbine was controlled and stored in the battery from 
where it was provided to both AC and DC loads. The study in [X] aims to 
design a model for a piezoelectric wind turbine which uses a Savonius type 
rotor and bimorphs actuators for electromechanical energy conversion and is 
targeted to operate near ground level where wind speed is comparatively low. 
The simulation model in [2] is the hybrid system of solar and wind with 
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Maximum Power Point Tracking (MPPT) for solar panels which ensures 
maximum output from the panels at any time in the day. The research in [16] 
develops a practical piezoelectric wind turbine to harvest energy from wind 
which first converts the kinetic energy of wind into the rotational motion of 
shaft and then employs a Scotch yoke mechanism to convert the rotational 
motion into linear vibrations which they are utilized by two piezoelectricity-
levers to generate electricity [I-III]. The comparative study of different 
modeling methods for piezoelectric wind energy harvester including single-
degree-of-freedom (SDOF) model, the Euler-Bernoulli distributed parameter 
model using single mode and the Euler-Bernoulli distributed parameter model 
using multi-modes is presented with experimental results  in [III, XVII] and  
the effects of load resistance, wind exposure area of the bluff body, mass of the 
bluff body and length of the piezoelectric sheets on the power output are also 
studied. The authors in [IX] used an alternate approach to utilize wind energy 
without using wind turbine or conventional windmill with piezo bimorphs. In 
[9], the experiment was carried out to convert wind vibrations directly into 
electrical energy by using large piezoelectric discs and across each disc was 
connected a supercapacitor with a very small charging time. The output from 
this discwas amplified and added and then stored to a 5V battery. On this, low 
scale power output was small but by using larger and greater num. of disc x1for 
large scale applications areas of high wind potential, power output will 
increase. The author in [XVIII] present design of a tree-shaped hybrid 
Nanogenerator (TSHG) which consists of leaves with thin films of piezoelectric 
and PV fixed on them in a way that these generators can simultaneously use 
both solar and wind energy to generate small amount of power which is enough 
to power a small electronic device which was not possible by using only 
piezoelectric films whose collective output was very small incapable of 
powering any device. The power output from piezoelectric films, regardless of 
its magnitude, is used to charge a capacitor through the rectifier. Similarly, the 
output from solar films is used to charge the same capacitor by-passing any 
rectifier. This capacitor is then discharged through a small load. The proposed 
work is inspired by [II].  

III.   Proposed Simulation Hybrid Model Of PEWT and PV System 

Figure 1 shows the structure of hybrid piezoelectric wind turbine and PV 
panel. The power generated from a piezoelectric wind turbine is generally involved 
three steps. Firstly, the kinetic energy of the wind turbine is converted into rotational 
mechanical energy of wind turbine; secondly, the rotational motion is converted into 
linear vibration through the scotch mechanism of two piezoelectricity levers through 
springs, and then linear vibration is converted into electrical energy due to 
piezoelectric effect [II, XVI]. The PV system generates DC power which is feds into 



J. Mech. Cont.& Math. Sci., Special Issue, No.

Copyright reserved © J. Mech. Cont.& Math. Sci.
Ali Asghar Memon et al. 
 
 
 
 

 

the maximum power point tracking system through the dc
fed to an inverter which converts dc into the ac supply which is further utilized by 
the AC loads. In this process, one parallel battery charging unit is used for charging 
the battery for dc loads. Table 1 shows the specifications of parameters u
modeling. 

 

Figure. 1. Hybrid piezoelectric wind turbine and PV system

Table 1. Proposed hybrid power system parameters

s. no Names of Parameter

1. Speed of wind

2. Angular speed

3. Tip speed ratio (λ)

4. Power coefficient (Cp)

5. PEWT output power
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the maximum power point tracking system through the dc-dcconverter afte
fed to an inverter which converts dc into the ac supply which is further utilized by 
the AC loads. In this process, one parallel battery charging unit is used for charging 
the battery for dc loads. Table 1 shows the specifications of parameters u

Hybrid piezoelectric wind turbine and PV system 

Table 1. Proposed hybrid power system parameters 

Names of Parameter Parameters specification

Speed of wind 7.2 m/s 

Angular speed 50 rad/s 

Tip speed ratio (λ) 6.91 

Power coefficient (Cp) 0.44 

PEWT output power 3kW 
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6. PV system output power 10kW` 

7. Battery  200V, 6.5Ah, NiMH battery 

9. Connected Load 10kW 

10. Line voltage 400V 

11. Frequency 50Hz 

12 Inverter Snubber Resistance=5 k , Ron= 
1m  

 

The mechanical power output of the turbine is given by [19]  

        𝑃𝑤 =
ଵ

ଶ
𝜌𝐴𝑉ଷ𝐶𝑝(𝜆)                                                                                              (1) 

where V is the wind velocity, 𝜌 is air density, A is swept area, and R is the blade 
length of the turbine 

The value of power coefficient is not the static it varies with respect tip speed ratio λ, 
of the turbine and it is given by  

        𝜆 = 𝑅𝜔/𝑉                                                                                                                       (2) 

The power produced by a piezoelectric wind turbine is calculated by using  

        𝑃 =
భ

మ
ఙమ௞మ

ଶ௖
                                                                                                                      (3) 

where is the applied stress through the scotch mechanism, k is coupling coefficient, c 
is elastic constant. (and k are the material properties). 

IV.   Simulation Results and Discussions 

The aero-electromechanical energy conversion in a piezoelectric wind 
turbine depends on two factors: first; vibrational frequency or ultimately wind 
speed and second; numbers of bimorphs. The proposed equivalent circuit model 
of Hybrid piezo-electric wind turbine and PV panel is verified through 
Matlab/Simulink. The total installed capacity of the PV/PEWT/BESS hybrid 
system is 10kW. The results are shown separately.   
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(A). Voltages and current waveforms. Fig.2 and Fig.3 show the three-phase 
output voltage and current across the load terminal, from the results we can 
observe that there no harmonics are generated due to a proper connection. 

 

Figure. 2. Load voltages 

 

Figure. 3.Load current 
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(B). PV system parameters waveforms 

Fig.4 and fig.5 shows the PV power with MPPT technique and output voltage 

 

Figure. 4. Power and Voltage characteristics of the PV system 

 

Figure. 5.  Output voltage of PV system 

 

(C). Piezoelectric wind turbine voltage 

Fig.6 shows that output voltage from PEWT after the rectifier and dc-dc converter. 
The constant 88 volts are generated ongoing.  
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Figure 6.Output voltage of PEWT 

(D).   Battery Energy Storage System (BESS) 

In Fig. 7 percentage state of charging (SOC) can be seen, which shows the charging 
and discharging behavior of the battery, and battery output voltage. 

 

Figure 7. Battery out voltage and state of charge (SOC) 

V.   Conclusion 

  In this research, simulation of the hybrid piezoelectric wind turbine and PV 
system is presented. The modeling of the integrated power system with dc-dc 
converter, three phases PWM inverter, and LC filter are developed using 
Matlab/Simulink. The aim of the hybrid modeling is to increase the reliability in 
power to electrical network and to reduce the capital cost of generating power. The 
conventional wind turbines are designed to operate at lower effieceieny tha the rated, 
hence power output is less thatn the rated output. In the proposed model, the pizo 
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electric wind turbine can be designed to oprertae at effieceiny closer to the rated 
effieceieny. Therefore, the uotput power will be near to the rated output.  

VI.    Future Scope 

 The future scope of this research will be arranged towards the 
optimization design of PEWT/PV/BESS in order to limit the sizing, cost and 
guarantee the framework stability. Further that, if the wind energy is 
additionally used as a separate energy source, the proposed model can give 
significant results.   

VII.   Acknowledgements 

The authors are thankful to Mehran UET Jamshoro.  

 

References 

I. Singh, B.R. and Dubey, B.K., 2018, January. Solar-wind hybrid power 
generation system. In solar-wind(Vol. 5, No. 01).  

II. Reddy, K.P. and Rao, M.V.G., 2015. Modeling and simulation of hybrid 
wind solar energy system using MPPT. Indian journal of science and 
technology, 8(23).  

III.  Rajalakshmy, S.(2017), “Hybrid Charger,” National Conference on 
"Emerging Research Trends in Electrical, Electronics & Instrumentation, 
pp.74-81. 

   URL: http://www.iosrjournals.org/iosrjeee/Papers/Conf.17017/Volume 
                     3/12.%2074-81.pdf: 

IV.   Ravisagar, M., Swapnil, M.,Reema, N., Mrutyunjay, P.,(2017), “Hybrid 
Power Generation Utilizing Solar Panel and Piezoelectric 
Tangle,”International Research Journal of Engineering and Technology,4(3), 
2017, pp.1668-1670. 

V.  Yatin, S., Somi, C., Neha, C., Nagade, A.S.,(2017), “Hybrid power 
generation using solar panel and piezo sensor, ”International Research 
Journal of Engineering and Technology,4(5),pp.1617-1621. 

VI.  Dr. B.Omprakash, T. J. Kumar, Dr. R.Ganapathi, (2017), “Hybrid power 
generation using solar, wind, andpiezo,” International Journal of Advanced 
Engineering Research and Technology, 5(11), pp.750-752. 



 

 

J. Mech. Cont.& Math. Sci., Special Issue, No.- 6, January (2020)  pp 15-25 

Copyright reserved © J. Mech. Cont.& Math. Sci.    
Ali Asghar Memon et al. 
 
 
 
 

24 

 

VII  Chowdary (2017). “Design and Development of Miniature Model of Micro-
Grid for Generation of Small Power using Distributed Generation,” 
International Journal of Engineering Science and Computing, 7(6), 
pp.12947-12951. 

VIII.  AneelKumar (2017), “Design of multi electricity generator using solar and 
piezoelectric transducer,”International Research Journal of Engineering and 
Technology,4(7), pp.2114-2119.  

IX.   Jamal, G.A., Rahman, S.L., Rana, M.M., Nafis, S.A.S., Huda, M.M. and 
Rahman, S.N., 2015. An Alternative Approach to Wind Power Generation 
Using Piezoelectric Material. American Journal of Renewable and 
Sustainable Energy, 1(2), pp.45-50. 

X.  Kishore, R.A. and Priya, S., 2013, March. Piezoelectric wind turbine. 
In Industrial and Commercial Applications of Smart Structures Technologies 
2013 (Vol. 8690, p. 869009). International Society for Optics and Photonics.  

XI.  Abrol, S.A.N.C.H.I.T.A. and Chhabra, D.E.E.P.A.K., 2018. Experimental 
investigations of piezoelectric energy harvesting with turbulent 
flow. International Journal of Mechanical and Production Engineering 
Research and Development, 8(1), pp.703-710.  

XII.  Benjamin, J., Kanade, M., Jhala, M., Panchal, P. and Solanki, M.V., 2018. A 
Review-Power Generation by Piezoelectric Effect Using Wind Energy. 

XIII.  Li, R., Yu, Y., Zhou, B., Guo, Q., Li, M. and Pei, J., 2018. Harvesting energy 
from pavement based on piezoelectric effects: Fabrication and electric 
properties of the piezoelectric vibrator. Journal of Renewable and 
Sustainable Energy, 10(5), p.054701. 

XIV.  Wang, Y., Zhu, X., Zhang, T., Bano, S., Pan, H., Qi, L., Zhang, Z. and Yuan, 
Y., 2018. A renewable low-frequency acoustic energy harvesting noise 
barrier for high-speed railways using a Helmholtz resonator and a PVDF 
film. Applied energy, 230, pp.52-61. 

XV. Wang, H., Jasim, A. and Chen, X., 2018. Energy harvesting technologies in 
roadway and bridge for different applications–A comprehensive 
review. Applied energy, 212, pp.1083-1094. 

XVI. Tao, J.X., Viet, N.V., Carpinteri, A., and Wang, Q., 2017. Energy harvesting 
from wind by a piezoelectric harvester. Engineering Structures, 133, pp.74-
80. 



 

 

J. Mech. Cont.& Math. Sci., Special Issue, No.- 6, January (2020)  pp 15-25 

Copyright reserved © J. Mech. Cont.& Math. Sci.    
Ali Asghar Memon et al. 
 
 
 
 

25 

 

XVII. Zhao, L., Tang, L. and Yang, Y., 2013. Comparison of modeling methods 
and parametric study for a piezoelectric wind energy harvester. Smart 
Materials and Structures, 22(12), p.125003. 

XVIII. Ahmed, R., Kim, Y. and Chun, W., 2019. Development of a Tree-Shaped 
Hybrid Nano generator Using Flexible Sheets of Photovoltaic and 
Piezoelectric Films. Energies, 12(2), pp.1-10. 

XIX.  Burton T, Sharpe D, Jenkins N, Bossanyi E. Wind energy handbook. John 
Wiley and Sons; 2001. 

 

 


