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Abstract - In recent years, there has been a considerable rise in interest regarding the utilization of hybrid 

distributed power generators that are powered by renewable energy sources. This interest has resulted in a rise in 

the number of people researching these types of systems. There has been a substantial amount of investigation 

on the topic of distributed power generators like as photovoltaic (PV) and wind power becoming integrated into 

the grid. This investigation has been carried out. Interruptions in the power quality in power networks are caused 

by the power electronics interface. Nonlinear currents are the source of these disturbances, which have an effect 

on a number of different aspects, including the efficient rated ability of electrical equipment, the heating of 

electrical components, and energy losses. 

The growing use of alternative energy sources in the nation's electrical power grid has resulted in the emergence 

of new challenges for the service load in terms of voltage balancing, power quality, and energy efficiency. 

These difficulties can be classified into the following three categories: Solar and wind hybrids have been 

identified as the most promising potential sources of energy in the future. In spite of this, the independent 

functions of distributed energy sources such as solar and wind, for example, can not truly guarantee successful 

power generation because of the unpredictability of solar irradiance and the availability of wind. Even though 

solar and wind are examples of distributed energy sources, this is still the case. As a result of this, it is 

reasonable to assume that the production of wind energy and solar energy, when combined, will result in the 

production of an exceptionally efficient source of electrical energy. In this section, a grid-connected hybrid 

solar-wind energy system driven by a bi-directional AC/AC convertor and based on a dq control is used to 

demonstrate how power quality issues can be avoided. This inquiry will make use of a simulation model in order 

to determine the value of the source current and voltage, in addition to the fraction of total harmonic distortion. 

The objective of this study is to ascertain these values. An research into the power quality is carried out inside of 

a hybrid electrical power system that is connected to the grid and makes use of solar and wind energy. 

Keywords— harmonics, solar, 3 level inverter, wind energy, power quality. 

 

INTRODUCTION 

The negative impacts on the environment and the rising cost of power that are linked with the adoption of 

conventional power sources make it likely that distributed energy sources will become more prominent in the 

future. There are numerous isolated regions across the globes that are unable to be connected to an electrical 

power network in a large or wise manner. In these areas, the energy need is cautiously met by the deployment of 

modest-sized diesel generators that operate in isolation from one another. It is possible that the effective prices 

associated with these DGs are overly high as a result of the low prices of fossil fuels in addition to issues with 

the supply of fuel and the maintenance of generators within the systems. Under these conditions, renewable 

energy sources such as wind systems and solar contribute as a viable alternative to the addition of engine-driven 

DGs for the production of electrical energy in areas that are not connected to the grid. [1–3]. Investors are more 

interested in solar photovoltaic and wind energy resources at the moment due to the abundance of capacity that 

these two types of energy sources possess. Solar wind hybrid power resources are becoming increasingly 

popular in the renewable energy sector, and as a result, there are an increasing number of installations occurring 

all over the world. The primary advantages of these resources are their lower impact on the environment and 

greater dependability. The grid integration of wind power network conversion systems can be carried out in the 

wind energy technology using either a fixed speed energy production system or a variable speed energy 

production system. Both of these approaches can be executed. The variable-speed energy production system is 
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capable of extracting the maximum amount of power from the power plant. Schemes that are based on 

permanent magnet synchronous generators provide a number of benefits, the most notable of which are reduced 

amounts of weight and maintenance. A hybrid power system has the potential to improve the power quality 

while simultaneously lowering the cost of the electrical energy it produces. Even with all of the benefits, the 

hybrid energy system isn't without its own unique challenges, such as safety, synchronization, and power 

quality; nevertheless, for the time being, we will only be talking on PQ [4–7]. Power quality analysis of 

conventional hybrid systems as well as hybrid systems that make use of three-level inverters is presented and 

explored in this work.  

MODELING OF SPV/ WIND HYBRID SYSTEM 

A. Wind power System 

The modeling of the wind power system is dependent on the demonstration of the wind turbine and the electrical 

power generator. Wind turbine input is defined as the speed of the wind, and the power that is generated by the 

wind turbine is referred to as mechanical power [8-10]. The mechanical output of wind turbines is represented 

as 

Pw = 1/2 ρAVv
3         (1) 

Vw- Wind velocity (m/sec.) 

Pm – wind output power 

β – Pitch angle of blade 

A- Turbine swept area 

ρ- Density of air (kg/m3) 

When modeling the crossbred power system, the 500W wind turbine system is considered, and the parameter 

specifications for the wave power system are presented in Table 1. 

Table 1 Constraint Specifications of the 500 W Wind power System 

Data Rating 

Wattage Power 500W 

Inductance ( Lq & Ld ) 7.31 mH 

Pair of poles ( Pp) 2 

cut in speed (Vc) 4 m/s 

Rated wind speed (VR) 12 m/s 

Moment of inertia 0.00126811kg/m2 

Impedance (Ra ) 0.775Ω 

Magnetizing flux (Φm ) 0.37387 wb 

 

Equation 2 can be used to calculate the overall power that is produced by the wave power system [11]. It is 

commonly believed that the amount of power that may be extracted from waves is proportional to the amount of 

wind that is available. 
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Vw- Wind velocity (m/sec ) 

Pw –output power (W) 

Pn – system nominal power (W) 

VR- Rated wave speed (m/sec ) 

Vw- wave velocity (m/sec ) 

Vc-cut in wave speed (m/sec ) 

Vs-cut off wind speed (m/sec ) 

B. Solar Photovoltaic System 

The fundamental ISPV-VSPV properties of the solar photovoltaic array are incorporated into the mathematical 

design of the SPV system [12]. The equation for the current and voltage at the SPV array's output is as follows 

ln( 1)PH

SPV

IKT

spv q I
V


= +  

(3) 
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(4) 

The amount of power that can be generated by an SPV is determined by the amount of solar insolation that is 

available as well as the temperature of the surrounding air [13-14], and this is done by applying equation 3. 

PPV = APVP Gn ηPVP         (5) 

Parameter Description Rating 

Maximum current (IMSPV) 7.82945 A 

Maximum voltage (VMSPV) 24.303 V 

Maximum power (PMSPV) 560W 

Open circuit voltage (VOSPV) 30.6021 V 

Short circuit current (ISSPV) 8.51029 A 

Temperature (T) 25  

Parallel string 3 

Series connected module per string 1 

Solar irradiation (G) 1000 W/m3 

 

VSPV - SPV array output voltage 

RSe - Single diode model shunt resistance  

Iph - Phase current of SPV cell 

ISPV - PV panel output current (A)  

VOSPV - SPV array open circuit voltage  

ISSPV - SPV array short circuit current 

GN - Nominal irradiation to the SPV array 

RSe - Single diode prototypical series resistance  

Ƞ - Factor of Ideality 

q - Charge of electron 
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ȠSPV - SPV panel generation efficiency (%)  

ASPV - SPV panel area (m2) 

K - Boltzmann constant of SPV panel  

T - Ambient temperature (K) 

G - Applied solar insolation to the SPV array  

IRSC - Reverse saturation current 

 

INTEGRATION OF SPV AND WIND CROSSBRED SYSTEMS TO THE GRID 

The direct current output is derived from the SPV system, while the alternating current voltage output is 

produced by WECS. The electronic power coordination's employed for planning the semiautonomous electrical 

generation of these two sources are different from one another. In this configuration, the output of the solar 

photovoltaic array is sent to the DC-to-DC electronic power boost converter scheme, and the voltage of the dc 

linkage is regulated. A rectifier is employed in the first step to rectify the wave power AC output voltage, which 

is unregulated. After that, a DC-to-DC power electronic converter is required to control the voltage of a DC 

network. [15]. 

 
Fig.1. Different circuit topologies for the hybrid utility grid and SPV system with Bi-Directional control 

 

SINGLE-PHASE SYMMETRICAL MULTIPULSE MODULATED BI-DIRECTIONAL AC / AC 

CONVERTERS 

The source voltage and the gate pulses for the switching devices for M = 6 with ∂ = 50% are shown in figure 2. 

The simulations are conducted with a source voltage, Vs = 100 V i.e. a peak of 100V approximately. The 

corresponding output voltage and source current waveforms are depicted in figure 3. The r.m.s. value of the 

output voltage, V0, is 70.70V. The THD (Total Harmonic Distortion) of the source current, Is, is determined to 

be 19.71% by the FFT (Fast Fourier Transform) analysis. The analyses of the SMM strategy for the single-phase 

topology are presented and the data are compared with that of phase-control in the same section. As already 

reported [16], the source power factor with a resistive load for both, phase-control [17] and SMM techniques is 

given by the per unit output voltage (V0/ Vs) with the source voltage as the base voltage i.e. source power factor 

= (V0/ Vs). 

The ac RMS voltage output is 
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Here  

δ = pulse width. 

p = number of pulses 

 

 
 

Fig.2. Single-phase bi-directional ac regulator 

 

 

 

 
 

Fig. 3: A/C voltage and current 
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Fig. 4: SMM gate signals for single-phase ac regulator with resistive load 

 

Simplified Single-Phase d-q Current Control 

 

The control strategy from the previous section requires a transformation from αβ to dq, which is not possible in 

single-phase systems due to the fact that there is only one phase variable available, whereas this transformation 

requires at least two variables that are orthogonal to one another [18-19]. Therefore, in order to make the 

current-control strategy described earlier applicable to single-phase systems, a fictitious component orthogonal 

to the existing physical one needs to be developed by shifting the phase of the measured real signal in such a 

way that the combination of the measured real signal and the fictitious signal forms the stationary, or αβ frame. 

This can be accomplished by shifting the phase of the measured real signal. The introduction of such a delay 

into the system causes the dynamic of the system to worsen, causing it to become slower and more oscillatory. 

A simplest current controller scheme, such as the one represented in figure 5, is proposed as a solution to the 

problem described above. In this scheme, the difference between both the reference and the measured currents 

i*α and iα in the stationary reference frame is used to generate the steady state error signals in the dq frame, 

which are denoted by the symbols ∑d and ∑q. Figure 5: A simplified current controller scheme. It is important 

to note that the proposed method does not call for any kind of artificial orthogonal generator because all that 

needs to be done is assume that i*β = iβ when the system is in its stable state [20-21]. 

[
𝑑
𝑞
] = [

cos(𝜃)
−sin(𝜃)

sin(𝜃)
cos(𝜃)

] [
𝛼
𝛽]        (7) 

[
𝛼
𝛽] = [

cos(𝜃)
sin(𝜃)

−sin(𝜃)
cos(𝜃)

] [
𝑑
𝑞
]        (8) 

Furthermore, since there is only one variable present in single-phase systems, this transformation cannot be done 

directly. The variable iα is the only one that is available. This disadvantage, on the other hand, can be overcome 

without the introduction of a fictitious current iβ as follows: 

Through using estimated phase angle that is produced by the PLL (θPLL), it is possible to construct two 

orthogonal reference currents as follows, 

i*α = i*= i*m cos (θPLL)      (9) 
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Figure 5: Test system and an abridged dq current controller 

i*β = i*= i*m sin (θPLL)      (10) 

Applying the dq transformation in (7) with (θ=θPLL), two reference currents in the dq frame can be found as (11) 

and (12). 

i*d = i*m (cos2(θPLL) + sin2(θPLL)) = i*m    (11) 

i*q = i*m (-cos(θPLL) sin(θPLL)+ cos(θPLL) sin(θPLL)) = 0    (12) 

The real current iα observed is given the definition in (13) 

i*α = i = i*m cos (θPLL)      (13) 

Whereas the reference current iβ is used to define the synthesized current i*β in (14) 

iβ = i*β =  i*m sin (θPLL)      (14) 

A simplification of the existing control loop system will be achieved by applying the assumption that i*β = iβ at 

the steady state. The resulting equations are as follows [21], 

The equations for calculating the steady-state errors, ∑d and ∑q, in the dq frame are (15) and (16) 

∑d = i*d – id 

∑d = [i*α cos (θPLL) + i*β sin (θPLL)] - [iα cos (θPLL) + iβ sin (θPLL)] 

∑d = (i*α - iα) cos (θPLL) + (i*β - iβ) sin (θPLL) 
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∑d = (i*α - iα) cos (θPLL)       (15) 

∑q = i*q – iq 

∑q = [-i*α sin (θPLL) + i*β cos (θPLL)] - [-iα sin (θPLL) + iβ cos (θPLL)] 

∑q = -(i*α - iα) sin (θPLL) + (i*β - iβ) cos (θPLL) 

∑d = -(i*α - iα) sin (θPLL)       (16) 

 

Figure 6: Structure of dq current controller in its most basic form 

From equations (15) and (16), the ∑d and ∑q errors were computed based on the real current error rather than 

the knowledge of dq currents, as is done in the typical dq current controller [22-23]. This allowed for more 

accurate results. Figure 4.3 depicts the dq current controller that was utilized in the simplified approach. This 

controller was based on equations (15) and (16). 

 

SIMULATION AND RESULT DISSCUSSION 

 

Through the use of simulation using Matlab/Simulink, both the effectiveness of the PV-Wind hybrid generation 

system as well as the proposed control algorithms provided in the previous chapter are validated. Even though 

the PMSG and wind systems both provide varied amounts of power, and even though the load can be 

unbalanced, balanced, or changeable, the management of the flow of electricity is handled very well. 

The source Irradiance and Temperature are shown in figure 7 below. The initial value of Irradiance is 832 W/m2 

at t=0 and decreases slowly to 822 W/m2 at t=1 sec and abruptly decreases to 684 W/m2 at t=1 sec. It becomes 

constant till t=2 sec. The Temperature is constant at 25 degree for entire duration. 
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Figure 7: Source Irradiance and Temperature  

The PV Power and Battery Power are shown in figure 8. The PV Power increases at t=0.01667 sec and becomes 

stable at t=0.15 sec with small fluctuations for entire duration. Similarly Battery Power decreases at t=0.01667 

sec and becomes stable at t=0.15 sec with small fluctuations for entire duration. 

 

Figure 8: PV and Battery Power 

The PV parameters Voltage, Current and Power, are shown in figure 9. The voltage increases with small 

fluctuations at t=0.1 sec, becomes constant with small variations for entire duration t=0.5 sec. The current is 

start increases from 3 amp at t=0 and almost constant to 30 amp at t=2.8 sec with very small variations for entire 

duration t=0.5 sec. The PV Power increases at t=0.01667 sec and becomes stable at t=0.15 sec with small 

fluctuations for entire duration. 
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Figure 9: PV Parameters (Voltage, Current and Power) 

The Battery parameters Voltage, Current, SOC and Power, are shown in figure 10. The Battery voltage 0.0 volt 

at t=0 sec, increases to 9.2 volt at t=0.2 sec, start decreases to 0.0 volt at t=0.11 sec, and becomes stable at t=0.2 

sec with small fluctuations for entire duration. The Battery current is 862.3 amp at t=0 sec, and start decreases to 

124.8 amp at t=0.018 sec, increases to 450 amp at t=0.1 sec, decreases to 395 amp at t=0.2 sec, and becomes 

constant with small fluctuations for entire duration. The Battery SOC value is 20 and start decreases linearly to 

19.866 at t=0.5 sec. The Battery power is 0.0 at t=0.01667 sec and suddenly increases to 1643 at t=0.01667 sec, 

decreases and increases to maximum value 1643, again decreases to 0.0 at t=0.15 sec, and becomes stable at 

t=0.25 sec with small fluctuations for entire duration. The ambient temperature is constant of 25 degree for 

entire duration.  

 

Figure 10: Battery Parameters (Voltage, Current, SOC and Power) 

The wind parameters Speed, Current, and Voltage are shown in figure 11. The wind speed is initially 8 m/sec at 

t=0 sec, suddenly increases to 10 m/sec at t=0.01667 sec, becomes constant, suddenly increases to 12 m/sec at 

t=0.0833 sec, becomes constant for entire duration. The wind current start 0 amp at t=0 sec, increases to 1.24 

amp at t=0.034 sec, and becomes constant to 1.3 amp with huge variations for entire duration. Similarly wind 

voltage start 0 volt at t=0 sec, increases to 12.3 volt at t= 0.034 sec, and becomes constant to 14 volt with huge 

variations for entire duration. 
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Figure 11: Wind Parameters (Speed, Current, and Voltage) 

 

The grid voltage and current are shown in figure 12. It can be seen that the voltage and current are almost stable 

without any distortion. 

 

Figure 12: Grid voltage and current 

The Total Harmonic Distortion (THD) shown in figure 13. The grid current is almost constant for entire 

duration. It can be seen that the THD is 0.20%, the lowest one. 
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Figure 13: THD grid current 

 

 

CONCLUSION 

The comprehensive study and modelling of a new controller for a hybrid system based on wind turbines and 

solar power generation has been provided for a three-phase grid. The hybrid system in question is based on the 

generation of electricity using both of these technologies. The performance of the PV-wind system is measured 

under a variety of various operating situations, such as variations in disturbance and load, speed for the PMSG, 

and solar irradiation for the photovoltaic system. The new controller is responsible for coordinating the VSC 

converter for power quality at PCC, searching for reactive power and harmonic component, and coordinating the 

AC-AC converters to extract the MPP from PV and WECS, respectively. The results that were obtained show a 

THD that is less than 5% and has sinusoidal waveforms for both the voltage and the current at PCC. The 

findings of the controller reveal that it is capable of quickly and effectively tracking the necessary references, 

which verifies the concept of the hybrid system that was developed as well as the resilience and efficacy of the 

SRF-based anti-windup dq Controller. 
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