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ABSTRACT—The utility load now faces new 

demands in relation to power quality, voltage 

stabilization, and effective energy use as a result of 

the increased use of distributed energy sources in the 

electricity system. The sources of renewable energy 

that are regarded as being the most reliable are wind 

and solar. Due to the unpredictability of the wind and 

solar irradiance availability, however, the solitary 

operation of either photovoltaic or wind energy 

systems does not offer a highly stable source of 

electricity production. As a result, a variety of wind 

and solar power generation systems can create a very 

promising and dependable supply of electricity. A 

hybrid wind and photovoltaic system model has been 

presented in this paper. The distant users of this type 

of technology can benefit much from it. 

In remote or island locations where grid integration is 

not very cost-effective, this kind of technology is 

quite helpful and advantageous. But connecting power 

electronics to DG systems results in very serious 

power quality issues, like harmonic production and 

reactive power adjustment, which disrupt the power 

distribution system. In this paper hybrid wind-PV 

generation system simulation model is given. 

Analysis is done on the system's performance in grid 

connected mode. Total harmonic distortion (THD) 

calculations at various wind speeds were used to 

assess the power quality of the wind-SPV hybrid 

system. Utilizing STATCOM has enhanced the power 

quality of this hybrid system. 

Keywords—Total Harmonics Distortion(THD), 

STATCOM, Hybrid system, Distributed 

Generation(DG),Solar Photo Voltaic(SPV). 

 

I. INTRODUCTION 
The use of sustainable energy sources for the 

production of electricity can only be a feasible 

alternative to fossil fuels in light of the recent rising 

worries over environmental problems brought on by 

fossil fuels. Air flow and sunlight are two abundant 

sources of renewable energy. These two are regarded 

as the leading renewable energy sources. On the other 

hand, the main drawback of sunlight and air movement 

is that they cannot supply constant irradiation or 

constant speed air movement, respectively. Therefore, 

it cannot be used independently when a constant 

supply of electricity is needed. A new development in 

renewable energy technology is the blending of 

various energy sources with energy storage devices. 

Stand-alone wind and Solar Photovoltaic are two 

possible hybrid pairings.Since it makes use of the 

advantages of both solar and wind energy systems, the 

wind-SPV hybrid generation (WSPVHG) system with 

grid integration may be a viable option for producing 

electricity[2]. A hybrid system can lower the cost of 

electricity while still delivering high-quality power. 

Along with all of its advantages, the hybrid system 

also has some drawbacks, such as protection, 

synchronization, and power quality issues, but we will 

only focus on the latter here [1]. Voltage sag, 

harmonics, and power factor can all be used to assess 

the quality of power. In this study, we compute 

harmonics to evaluate the hybrid wind-PV system's 

power quality [9].This essay follows with descriptions 

of the hybrid system in part II and D-STATCOM 

modeling in section 

 

II. HYBRID RENEWABLE ENERGY 

SYSTEM MODEL 
A hybrid renewable energy system is one in 

which the system's electrical load must be supplied by 

two or more different power producing sources. Given 

that it makes use of the advantages of both solar and 

wind energy systems, a wind-PV hybrid generating 

system with grid integration could be a viable option 

for producing electricity [3]. This combination will 

provide the finest solution in standalone as well as grid 

connected mode to satisfy the growth in load demand. 

The grid-connected mode increases overall system 

efficiency and reliability while lowering costs. During 
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both sunny and overcast days, the grid draws 

sustainable energy from the hybrid wind-PV system 

and delivers it to the connected loads. The following 

are the main benefits of HRES: reduction in peak load, 

decrease in transmission line losses, supply in remote 

places, and overall a reliable power system [10] 

 

 
Figure.1 system model integrated with PV& 

WECS 

 

a) Modeling of wind energy system  

The quantity of turbine power produced by wind 

turbine generator is : 

 
Figure 2.modelling of WECS with MPPT 

 

Pi0.5*ῤ*Cp*As*V
3

 

Where Piis the power generated by WTG,ῤis 

the air density, As is the area in sq.mt swept by the 

wind, V is the wind speed in m/s and Cp is the 

coefficient of performance. The coefficientof 

performance depends upon the ratio of tip speed to 

wind speed also known as tip speed ratio [4]. 

 

b) Modeling of PV system  

The basic part of a PV array is a solar 

photovoltaic (SPV) cell. A SPV module is created by 

connecting the SPV cells in series, and an SPV array 

is created by combining multiple SPV modules [1]. A 

SPV cell's approximate circuit is depicted in Fig. 1. 

The following is the mathematical formula used to 

simulate an ideal SPV cell:  

 
Fig.3 Equivalent Circuit of PV cell 

 

 
Where, IP V is the current produced by solar 

irradiance, Io is thediode leakage current , q is the 

charge released by electron, k being Boltzmann 

constant, T is temperature (in 
o
K) at P-N junction Vd is 

the voltage across diode and a is the diode ideality  

factor. A Simulink of a PV cell model made from 

above equations is shown inFig-3 

 

c)Statcom modelling 

Reactive power correction is one of the key 

issues with power quality because electrical power 

systems primarily deal with AC quantities and 

practically all loads require reactive power [7]. The 

reactive power flow needs to be managed in order to 

provide the appropriate voltage support for the voltage 

variation in WECS [5].The STATCOM has a higher 

advantage to deliver more capacitive reactive power 

during the voltage fall. A power electronics device 

known as a STATCOM has the ability to produce or 

absorb reactive power at its output terminals. If 

coupled to a battery storage device, it can manage real 

power as well [12]. For transmission lines to receive 

reactive power assistance, unlike SVCs, low value 

inductive and capacitive components are sufficient [8]. 

The STATCOM's key benefits are its small size, which 

requires less space for installation, and its better 

reactive power yield at low voltages. Additionally, 

from the perspective of dynamic stability, STATCOM 

imparts stronger damping properties [6]. 
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Figure.4. Statcom modelling 

 

In this research, STATCOM has been used to 

improve the hybrid micro-power grid's quality. Power 

quality problems linked to both voltage and current 

can be reduced by using a D-STATCOM connected at 

the point of common coupling (PCC). When used in 

current control mode, D-STATCOM injects the 

harmonic and reactive components of the load current 

to balance and make the source currents pure 

sinusoidal. When used in voltage control mode, the 

PCC voltage was adjusted with regard to a reference 

value to protect the critical loads from severe voltage 

disturbances [9]. 

 

III. SIMULATION AND RESULTS 
A) simulation without controller 

The suggested hybrid generation system with 

a scattered inverter setup is seen in outline in Fig. 5. 

Both the wind and SPV systems have been 

represented as two independent generation systems 

equipped with distinct dc-ac inverters and are coupled 

in parallel at the inverter output sides in the proposed 

structure [11]. 

 
Figure 5. matlab simulation model for hybrid 

system without controller 

 

B) Results without controller 

 
Figure 6.hybrid power system output voltage and 

current 

 

 
Figure 15. THD graph for hybrid system line to 

line voltage 

 

B) simulation with controller 

At the common coupling point, STATCOM 

is connected. To maintain the voltage stability of the 

entire system, the proposed shunt controller is meant 

to either deliver or absorb the reactive power. 

 

 
Figure 7. Simulation model for hybrid system with 

STATCOM controller 
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Results with controller 

 
Figure 8.output voltage and current of hybrid 

system with STATCOM controller 

 

 
Figure 9.harmonic order with controller 

 

IV. CONCLUSION 
The goal of this effort was to improve the 

power quality of the proposed hybrid PV-wind 

system. Figure 7 illustrates the enhanced THD 

discovered by the FFT analysis in the presence of 

STATCOM. The STATCOM is incorporated into a 

hybrid power system simulation model. The outcome 

demonstrates that the total harmonic distortion (THD) 

is within the 7%. This shows that the suggested wind-

PV hybrid generation model is operating 

satisfactorily.0.4%. 

 

REFERENCES 
[1]. Khare V, Nema S, Baredar P. Solar-wind 

hybrid renewable energy system: a review. 

Renewable Sustainable Energy Rev 

2016;58:23–33. 

https://doi.org/10.1016/j.rser. 2015.12.223. 

[2]. Jamil B, Siddiqui AT, Akhtar N. Estimation 

of solar radiation and optimum tilt angles for 

south-facing surfaces in Humid Subtropical 

Climatic Region of India. EngSciTechnol an 

Int J 2016;19:1826–35. 

https://doi.org/10.1016/j.jestch.2016.10. 004. 

[3]. Gandoman FH, Ahmadi A, Sharaf AM, 

Siano P, Pou J, Hredzak B, et al. Review of 

FACTS technologies and applications for 

power quality in smart grids with renewable 

energy systems. Renewable Sustainable 

Energy Rev 2018;82:502–14. https:// 

doi.org/10.1016/j.rser.2017.09.062. 

[4]. Jamil E, Qurratulain, Hameed S. 

STATCOM-based voltage regulation in grid 

integrated wind farm under variable loading 

conditions. 2017 14th IEEE India Counc. Int. 

Conf. 2017. p. 1–6. 

https://doi.org/10.1109/INDICON.2017.8488

062. 

[5]. Sinha S, Chandel SS. Improving the 

reliability of photovoltaic-based hybrid 

power system with battery storage in low 

wind locations. Sustainable Energy Technol 

Assess 2017;19:146–59. 

https://doi.org/10.1016/j.seta.2017.01.008. 

[6]. Maatallah T, Ghodhbane N, Ben Nasrallah S. 

Assessment viability for hybrid energy 

system (PV/wind/diesel) with storage in the 

northernmost city in Africa, Bizerte, Tunisia. 

Renewable Sustainble Energy Rev 

2016;59:1639–52. https://doi.org/10. 

1016/j.rser.2016.01.076. 

[7]. Phap VM, Yamamura N, Ishida M, Hirai J, 

Nga NT. Design of novel grid-tied solarwind 

hybrid power plant using photovoltaic cell 

emulating system. 2016 IEEE Int Conf. 

Sustain. Energy Technol. 2016. p. 186–9. 

https://doi.org/10.1109/ICSET. 

2016.7811779. 

[8]. Sharma B, Dahiya R, Nakka J. Effective grid 

connected power injection scheme using 

multilevel inverter based hybrid wind solar 

energy conversion system. Electr Power Syst 

Res 2019;171:1–14. 

https://doi.org/10.1016/j.epsr.2019.01.044. 

[9]. Bailek N, Bouchouicha K, Aoun N, EL-

Shimy M, Jamil B, Mostafaeipour A. 

Optimized fixed tilt for incident solar energy 

maximization on flat surfaces located in the 

Algerian Big South. Sustainable Energy 

Technol Assess 2018;28:96–102. 

https://doi.org/10.1016/j.seta.2018.06.002. 

[10]. Khan MJ, Yadav AK, Mathew L. Techno 

economic feasibility analysis of different 

combinations of PV-Wind-Diesel-Battery 

hybrid system for telecommunication 

applications in different cities of Punjab, 

India. Renewable Sustainable Energy Rev 

2017;76:577–607. 

https://doi.org/10.1016/j.rser.2017.03.076. 

https://doi.org/10.1016/j.rser
https://doi.org/10.1016/j.jestch.2016.10
https://doi.org/10
https://doi.org/10.1109/ICSET


 

      

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 5, Issue 1 Jan. 2023,   pp: 34-38 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-05013438               |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 38 

[11]. Rini TH, Razzak MA. Voltage and power 

regulation in a solar-wind hybrid energy 

system.2015 IEEE Int. WIE Conf. 

Electr.Comput. Eng. 2015. p. 231–4. 

https://doi. org/10.1109/WIECON-

ECE.2015.7443904. 

[12]. [12] Wang L, Lin T. Stability and 

performance of an autonomous hybrid wind-

PV-battery system. 2007 Int. ConfIntell.Syst. 

Appl. to Power Syst. 2007. p. 1–6. 

https://doi. org/10.1109/ISAP.2007.4441622. 

[13]. Olamaei J, Ebrahimi S, Moghassemi A. 

Compensation of voltage sag caused by 

partial shading in grid-connected PV system 

through the three-level SVM inverter. 

Sustainable Energy Technol Assess 

2016;18:107–18. 

https://doi.org/10.1016/j.seta.2016.10.001. 

[14]. IEA. Global energy demand rose by 2.3% in 

2018, its fastest pace in the last decade. 

International Energy Agency 

(IEA),<https://www.iea.org/newsroom/news/ 

2019/march/global-energy-demand-rose-by-

23-in-2018-its-fastest-pace-in-the-lastdecade. 

html>; 2019 n.d. 

https://doi.org/10.1016/j.seta.2017.05.004. 

[15]. Hingorani NG, Gyugyi L. Understanding 

FACTS: Concepts and Technology of 

Flexible AC Transmission Systems. New 

York, NY: USA Wiley-IEEE Press; 2000. p. 

1–6. 

[16]. Mohammadpour HA, Ghaderi A, 

Mohammadpour H, Ali MH. Low voltage 

ridethrough enhancement of fixed-speed 

wind farms using series FACTS controllers. 

Sustainable Energy Technol Assess 

2015;9:12–21. https://doi.org/10.1016/j.seta. 

2014.10.007. 

[17]. Basaran K, Cetin NS, Borekci S. Energy 

management for on-grid and off-grid wind/ 

PV and battery hybrid systems. IET 

Renewable Power Gener 2017;11:642–9. 

https://doi.org/10.1049/iet-rpg.2016.0545. 

[18]. Jamil E, Ahmad S, Khan MH, Afzal M. 

Dynamic modeling of regulated solar 

PVwind hybrid system for off-grid 

applications. 2017 IntConf Energy, Commun 

Data Anal Soft Comput. 2017. p. 3221–6. 

[19]. Philip J, Jain C, Kant K, Singh B, Mishra S, 

Chandra A, et al. Control and 

implementation of a standalone solar 

photovoltaic hybrid system. IEEE Trans 

IndAppl 2016;52:3472–9. 

https://doi.org/10.1109/TIA.2016.2553639. 

 

 

 

 

https://doi/
https://doi/
https://doi.org/10.1016/j.seta

