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Abstract–This study focuses on the integration of wind 

and solar energy sources to create hybrid power systems, 

with an emphasis on evaluating their performance 

through advanced control techniques. The increasing 

demand for sustainable energy solutions has driven the 

need for efficient utilization of renewable resources. 

Wind and solar energies, being prominent among these 

resources, offer substantial potential for power 

generation. 

The paper investigates the performance of hybrid systems 

that combine both wind and solar energy generation. 

These systems are designed to seamlessly switch between 

the two sources based on availability and prevailing 

environmental conditions. The integration is facilitated 

by advanced control mechanisms that ensure optimal 

power capture and distribution. 

The evaluation encompasses various aspects of 

performance, including efficiency, reliability, and grid 

adaptability. The hybrid system's ability to handle 

fluctuating conditions and its response to grid 

perturbations are studied comprehensively. Furthermore, 

the influence of different control strategies on overall 

system performance is analyzed. 

In addition to technical performance, the economic 

feasibility of these hybrid systems is also considered. The 

cost-effectiveness of integrating wind and solar energy is 

assessed, taking into account factors such as initial setup 

costs, maintenance, and potential energy savings over 

time. 

The study employs simulations and data analysis to 

quantify the advantages and challenges associated with 

integrating wind and solar energy. Results are presented 

that highlight the benefits of advanced control in 

enhancing energy capture efficiency and system stability. 

Furthermore, insights into the potential environmental 

and economic benefits of such hybrid systems are 

discussed. 

In conclusion, this paper contributes to the ongoing 

efforts to develop sustainable energy solutions by 

presenting a comprehensive performance evaluation of 

hybrid wind and solar power systems. The integration of 

advanced control techniques adds a layer of 

sophistication to the system's functionality, making it a 

promising avenue for meeting future energy needs while 

minimizing environmental impact. 

 

 

 

I. Introduction 

During the past twenty years the interest in rectifying 

units has been rapidly growing mainly due to the 

increasing concern of the electric utilities and end users 

about the harmonic pollution in the power system. As a 

result, pulse width-modulated (PWM) rectifiers have 

been of particular interest and they have become 

attractive especially in industrial variable-speed drive 

applications in the power range from a couple of 

kilowatts up to several megawatts. This is partly due to 

the reduced costs and improved performance of both the 

power and control electronics components but most of 

all due to the numerous benefits the using of the PWM 

Inverter offers. 

There has been a need to control disturbances to the 

supply network almost since it was first constructed in 

the late 19th century. The first of these was the British 

Lighting Clauses Act of 1899 that prevented 

uncontrolled arc-lamps from causing flicker on 

incandescent lamps. With the growth of electronic 

equipment in the 1970's, it became necessary to control 
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the disturbances caused by these increasing electronic 

equipment. 

The growth of consumer electronics has meant that the 

average home has a plethora of mains driven electronic  

devices and not just television sets. Invariably these  

 

electronic devices have mains rectification circuits, 

which is the dominant cause of mains harmonic 

distortion. Most modern electrical and electronic 

apparatus use some form of ac to dc power supply within 

their architecture and it is these supplies that draw 

pulsesof current from the ac network during each half 

cycle of the supply waveform. The amount of reactive 

power  

 

drawn by a single apparatus (a domestic television 

forexample) may be small, but within a typical street 

there may be 100 or more TVs drawing reactive power 

from the same supply phase resulting in a significant 

amount of reactive current flow and generation of 

harmonics. Power electronic converters are becoming 

more popular in industrial, commercial and residential 

applications for reducing size and weight, as well as for 

increasing performance and functionality. 

PV systems are like every different electric power 

generating systems; simply the instrumentation used is 

completely different than that used for typical 

electromechanical generating systems. However, the 

principles of operation and interfacing with different 

electrical systems stay an equivalent, and are guided by a 

well-established body of electrical codes and standards. 

Although a PV array produces power once exposed to 

daylight, variety of different parts are needed to properly 

conduct, control, convert, distribute, and store the energy 

made by the array. 

Depending on the useful and operational necessities of 

the system, the precise parts needed could include major 

parts like a DC-AC power inverter, battery bank, system 

and battery controller, auxiliary energy sources and 

typically the desired electrical load (appliances). 

Additionally, an assortment of balance of system (BOS) 

hardware, as well as wiring, overcurrent, surge 

protection and disconnect devices, and different power 

process instrumentation. 

 
Fig.1 PV System 

 

Wind results from air to motion. Air in motion arises 

from a pressure gradient. Wind is basically caused by the 

solar energy irradiating the earth. This is why wind 

utilization is considered as a part of solar technology. 

Wind power is the use of air flow through wind turbines 

to mechanically power generators for electricity. Wind 

power is plentiful, renewable, widely distributed, clean, 

produces no green house gas emissions during operation, 

consumes no water and uses little land. The net effects 

on the environment are far less problematic than those of 

non-renewable power sources. Wind is the movement of 

air across the surface of earth, affected by areas of high 

pressure of low pressure. Wind energy conversion 

devices are commonly known as wind turbines because 

they convert the energy of the wind stream into energy 

of rotation. 
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II. Overview of voltage source PWM inverter 

 

Pulse-width modulation inverters take in a constant dc 

voltage.   The inverter should conduct the magnitude and 

the frequency of ac output voltages, and the diode 

rectifiers are required to fix the line to line voltage. The 

inverter uses pulse-width modulation using it’s switches, 

there are various methods for doing the pulse-width 

modulation in an inverter beneficial to frame the output 

ac voltages nearly similar to sine wave. The inverter 

only controls the frequency of the output where the input 

voltage controllers the magnitude.  The ac output 

voltages get a waveform identical to a square wave to 

which the inverter got its name. In ac-motor drives the 

switch-mode dc-to-ac inverters are applied and 

uninterruptible supplies of ac power where the central 

equitable is to provide a sinusoidal ac output where 

magnitude and frequency the couple can be controlled. 

Micro-inverters converts direct current from individual 

solar panels on to alternating current for the electric grid, 

they are grid tied. The Photovoltaic inverter can be 

supplied into a profitable electrical grid or can be used in 

an off-grid. Photovoltaic inverters have positive 

functions fitted  for the use with photovoltaic arrays, as 

well as  anti-islanding protection and maximum power 

point tracking. An inverter converts the DC electricity to 

AC electricity from sources like fuel   cells and batteries. 

The electricity required voltage,particularly it can keep 

AC equipment design for main operation and improved 

to yield DC at any crave voltage. In inverters the power 

semiconductors devices always remains forward-biased 

due to the supply voltage, and therefore, self-

controlled forward device such as IGBTs and 

MOSFETs are suitable.  

 

 

Fig.2 voltage source PWM inverter connected 

with load 

 
 

III. Proposed MethodologyMPPT (P&O) 

III.1. Definition of MPPT 

 

• MPPT or Maximum power point tracking is an algorithm 

that is included in charge controllers used for extracting 

maximum available power from wind generator system. 

• A MPPT or maximum power point tracker is an 

electronic DC to DC converter that optimizes the match b/w 

wind generator and the battery bank / utility grid. 

• MPPT is DC to DC converter which operates by taking 

DC i/p from wind generator, changing it back to a different 

DC voltage & current to exactly match the wind to generator 

to charge the battery. 

• The technology of MPPT is employed to increase the 

efficiency of wind energy system as they are designed for peak 

power extraction also, they attempt to pull the max possible 

electrical power from a given wind turbine under the current 

wind conditions. 

 

III.2. Function of MPPT 

 

i. A maximum power point tracking (MPPT) algorithm 

increases the power conversion   efficiency by regulating the 

turbine rotor speed according to actual wind speeds.  
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ii. It makes sure that battery discharge current is within 

specified limit. 

iii. It also protects the buck converter from over current 

situation. 

iv. To enhance the efficiency and economics of wind 

energy conversion systems (WECS) 

 

III.3. Working of MPPT 

 

Please The MPPT algorithm proposed to track the MPP by 

perpetually adjusting the inductor current to reach the MPP. 

The dc-link voltage is not controlled. Thus, it will be 

monitored and the natural comportment of the dc voltage 

during wind speed change will be acclimating to enhance the 

tracking speed of the algorithm. The algorithm works in two 

distinct modes: The normal P&O mode under slow wind 

fluctuation conditions in which an adaptive step size is 

employed with the power increment utilized as a scaling 

variable. The second mode is the predictive mode under 

sudden wind speed change conditions; this mode is 

responsible for bringing the operating point to the vicinity of 

the MPP during expeditious wind speed change, and it will 

avail obviate the generator from stalling by rapidly adjusting 

the generator torque in replication to sudden drops in wind 

speed.[27] 

In this mode, the dc-link voltage slope is utilized as a 

scaling variable and is utilized to determine the next 

perturbation direction. Proposed MPPT algorithm will run as 

mundane adaptive step size P&O algorithm unless a wind 

speed change causes the system to rapidly expedite or 

decelerate. In this case, the system will counteract the 

expedition/deceleration by transmuting the reference current 

felicitously and moving the operating point much more 

proximate to the incipient MPP. Then, the algorithm will then 

resume normal P&O mode. This method results in a saliently 

conspicuous tracking speed enhancement. More importantly, 

the system is averted from sudden stalling during sudden wind 

speed reductions.[26]. 

 

 

III.4. P& O (Perturbation & Observation) 

 

  In this control scheme we use P&O method.  In any mppt 

technique two inputs are taken one   is voltage ( v) and second 

one is current( i). Perturbation variable as dc current is used in 

our proposed scheme. 

The perturbation and observation (P&O), or hill-climb 

searching (HCS) method is a mathematical optimization 

technique used to search for the local optimum point of a 

given function. It is widely used in wind energy systems to 

determine the optimal operating point that will maximize the 

extracted energy. This method is based on perturbing a control 

variable in small step-size and observing the resulting changes 

in the target function until the slope becomes zero. P&O 

control adjusts the turbine speed toward the MPP, according to 

the result of comparison between successive wind turbine 

generator output power measurements. It is especially suitable 

for small-scale WECSs, as an anemometer is not required and 

the system knowledge is not needed.[25] 

 

The Perturbation is opted as one of following conditions. 

i. Perturb the rotational speed and observed the mechanical 

power. 

ii. Monitor the output power of generator and perturb the 

inverter input voltage 

iii. Monitor the output power of the generator and 

perturbed the converter variables i.e 

     Duty cycle, output current, input voltage. 

To improve the efficiency and the accuracy of the 

conventional P&O method, modified variable step-size 

algorithms have been proposed. In adaptive step-size methods, 

the step-size is automatically updated according to the 

operating point. If the system is working on a certain point that 

is far from the peak, the step-size should be increased to speed 

up the tracking process. Conversely, the action is reversed to 

decrease the step-size when the operating point nears the MPP. 

The step-size is continually decreased until it approaches zero 

in order to drive the operating point to settle down exactly at 

the peak point.[22] This working principle reduces the 

oscillations that occur in the conventional P&O method, 
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accelerates the speed to reach the maximum, and lowers the 

time for tracking. 

IV. Simulation Results 

Simulink provides a graphical editor, customizable block 

libraries, and solvers for modelling and simulating dynamic 

systems. It is integrated with MATLAB ®, enabling you to 

incorporate MATLAB algorithms into models and export 

simulation results to MATLAB for further analysis. 

 
Fig.3 Proposed Model 

 

 

 

 

 
 

Fig.4 Simulation result of the power management when PV 

and Wind supplies load 

 

 

 

 

 

 

 

 

 
 

Fig. 5 Three Phase Out put Voltage 

 

 

 
 

Fig.6 Three Phase Out put Current 

 

 

 
Fig. 7 Inverter Controlled Output of Voltage and Current 
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 Fig. 9 PV Power 

 

 

 

 

 

 

 

 
PV Voltage With MPPT 

 

 

 

 

 

 
Generating Wind power 

 

 

 

 

 
 

Voltage and current measurement when Nonlinear Load  

connected with hybrid  system 
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V. Conclusion 

Proposed work reduces the total harmonic distortion and 

the system power quality is improved using maximum power 

point tracking, wind power, PV cell and three phase pulse 

width modulated. In the meantime, the harmonic current 

brought on by the nonlinear load and the principal converter is 

repaid by the second converter. Consequently, the nature of 

the network current and the supply voltage are both essentially 

progressed. To lessen the computational heap of DG 

interfacing converter, the organized voltage and current 

control without utilizing load current/supply voltage harmonic 

extractions or stage bolt loops is produced to acknowledge 

composing control of parallel converters. 

References 

[1] Konstantopoulos, George C., and Qing-Chang Zhong. "Nonlinear 
Control of Single-Phase PWM Rectifiers With Inherent Current-

Limiting Capability." IEEE Access 4 (2016): 3578-3590. 

[2] Konstantopoulos, George C., and Qing-Chang Zhong. "Current-limiting 
non-linear controller for single-phase AC/DC PWM power converters." 

American Control Conference (ACC), 2015. IEEE, 2015. 

[3] Stihi, Omar, and Boon-Teck Ooi. "A single-phase controlled-current 
PWM rectifier." IEEE Transactions on Power Electronics 3.4 (1988): 

453-459. 

[4] Song, Wensheng, et al. "A simple model predictive power control 
strategy for single-phase PWM converters with modulation function 

optimization." IEEE Transactions on Power Electronics 31.7 (2016): 

5279-5289. 
[5] Zhang, Yongchang, Yubin Peng, and Haitao Yang. "Performance 

improvement of two-vectors-based model predictive control of PWM 

rectifier." IEEE Transactions on Power Electronics 31.8 (2016): 6016-
6030. 

[6] Zhong, Qing-Chang, and George C. Konstantopoulos. "Nonlinear 

current-limiting control for grid-tied inverters." American Control 
Conference (ACC), 2016. IEEE, 2016. 

[7] Deepak Sharma, Devendra Kumar Khichi, Vinod Kumar Sharma “The 

principle techniques of current harmonics reduction and power factor 
improvement for power plants and the utilities: A review”, IOSR Journal 

of Electrical and Electronics Engineering (IOSR-JEEE) e-ISSN: 2278-

1676,p-ISSN: 2320-3331, Volume 9, Issue 3 Ver. I (May – Jun. 2014). 
[8] Gawande, S. P., and M. R. Ramteke. "Current controlled PWM for 

multilevel voltage-source inverters with variable and constant switching 
frequency regulation techniques: a review." Journal of Power Electronics 

14.2 (2014): 302-314. 

[9] Visairo, Nancy, et al. "A single nonlinear current control for PWM 
rectifier robust to input disturbances and dynamic loads." 

[10] Ramírez, Fernando Arturo, Marco A. Arjona, and Concepcion 

Hernández. "A Novel Parameter-independent Fictive-axis Approach for 
the Voltage Oriented Control of Single-phase Inverters." JOURNAL OF 

POWER ELECTRONICS 17.2 (2017): 533-541. 

[11] C. Cecati, A. Dell'Aquila, M. Liserre, and A. Ometto, ``A fuzzy-logic 
based controller for active rectier,'' IEEE Trans. Ind. Appl., vol. 39, no. 

1, pp. 105112, Jan./Feb. 2003. 

[12] R. Ghosh and G. Narayanan, ``A single-phase boost rectifier system for 
wide range of load variations,'' IEEE Trans. Power Electron., vol. 22, no. 

2, pp. 470479, Mar. 2007. 

[13] R. Martinez and P. N. Enjeti, ``A high-performance single-phase 
rectifier with input power factor correction,'' IEEE Trans. Power 

Electron., vol. 11, no. 2, pp. 311317, Mar. 1996. 

[14] R. Ortega, J. A. L. Perez, P. J. Nicklasson, and H. Sira-Ramirez, 

Passivity- Based Control of Euler-Lagrange Systems: Mechanical, 
Electrical and Electromechanical Applications. Great Britain, U.K.: 

Springer-Verlag, 1998. 
[15] H. Komurcugil, N. Altin, S. Ozdemir, and I. Sefa, “An extended 

Lyapunovfunction- based control strategy for single-phase UPS 

inverters”' IEEE Trans. Power Electron., vol. 30, no. 7, pp. 39763983, 
Jul. 2015. 

[16] A. Radhika and A. Shunmugalatha, “A novel photovoltaic power 

harvesting system using a transformerless h6 single-phase inverter with 
improved grid current quality,” Journal of Power Electronics, Vol. 16, 

No. 2, pp. 654-665, Mar. 2016. 

[17] P. A. Dahono, “New hysteresis current controller for single-phase full-
bridge inverters,” IET Power Electron., Vol. 2, No. 5, pp. 585-594, Sep. 

2009. 

[18] R. Teodorescu, F. Blaabjerg, M. Liserre, and P. C. Loh, “Proportional-
resonant controllers and filters for grid-connected voltage-source 

converters,” in IEE Proc. Electric Power Applications, Vol. 153, No. 5, 

pp. 750-762, 2006. 
[19] C. Bao, X. Ruan, X. Wang, W. Li, D. Pan, and K. Weng, “Step-by-step 

controller design for LCL-type grid-connected inverter with capacitor–

current-feedback active-damping,” IEEE Trans. Power Electron., Vol. 
29, No. 3, pp. 1239-1253, Mar. 2014. 

[20] S. K. Hung, H. B. Shin, and H.W. Lee, “Precision control of single-

phase PWM inverter using PLL compensation,” in IEE Proc. Electric 
Power Applications, Vol. 152, No. 2, pp. 429-436, 2005. 

[21] K. A. Run and K. Selvajyothi, “Observer based current controlled single 

phase grid connected inverter,” in Int. Conf. on Design and 
manufacturing in Procedia Engineering, Vol. 64, pp. 367-376, 2013. 

[22] G. C. Konstantopoulos, and Q. C. Zhong, “Nonlinear control of single-

phase PWM rectifiers with inherent current-limiting capability,” IEEE 
Access, Vol. 4, pp. 3578-3590, Jun. 2016. 

[23] S. Somkun and V. Chunkag, “Unified unbalanced synchronous reference 

frame current control for single-phase grid-connected voltage-source 
converters,” IEEE Trans. Ind. Electron., Vol. 63, No. 9, pp. 5425-5436, 

Sep. 2016. 

[24] B. Saritha and P.A. Jankiraman, “Observer based current control of 
single-phase inverter in DQ rotating frame,” in International Conference 

on Power Electronics, Drives and Energy Systems, PEDES, pp.1-5, 

2006. 
[25] G. C. Konstantopoulos, Q. C. Zhong, and W. L. Ming, “PLL-less 

nonlinear current-limiting controller for single-phase grid-tied inverters: 

design, stability analysis, and operation under grid faults,” IEEE Trans. 
Ind. Electron., Vol. 63, No. 9, pp. 5582-5591, Sep. 2016. 

[26] M. P. Kazmierkowski and L. Malesani, “Current control techniques for 

three-phase voltage-source PWM converters: A survey,” IEEE Trans. 
Ind. Electron., Vol. 45, No. 5, pp. 691-703, Oct. 1998. 

[27] B. Crowhurst, E.F. El-Saadany, L. El Chaar, and L.A. Lamont, “Single-

phase grid-tie inverter control using DQ transform for active and 
reactive load power compensation,” in IEEE International Conference 

on Power and Energy, pp. 489-494, 2010. 

[28] L. Padmavathi, and P. A. Janakiraman, “Self-tuned feed-forward 
compensation for harmonic reduction in single-phase low-voltage 

inverters,” IEEE Trans. Ind. Electron., Vol. 58, No. 10, pp. 4753-4762, 
Oct. 2011. 

[29] M. Saitou and T. Shimizu, “Generalized theory of instantaneous active 

and reactive powers in single-phase circuits based on Hilbert transform,” 
in Power Electronics Specialists Conference, Vol. 3, pp. 1419-1424, 

2002. 

[30] M. Saitou, N. Matsui, and T. Shimizu, “A control strategy of single-
phase active filter using a novel d-q transformation,” in Industry 

Applications Conference, Vol. 2, pp.1222-1227, 2003. 

 
 

http://www.ijsrem.com/

