
Soni Shubham, Upadhyay Madhu; International Journal of Advance Research, Ideas and Innovations in Technology 

© 2020, www.IJARIIT.com All Rights Reserved                                                                                              Page |152 

 

ISSN: 2454-132X 

Impact factor: 6.078 
(Volume 6, Issue 5) 

Available online at: www.ijariit.com 

Power quality improvement of integrated PV/wind grid-

connected system 
 

Shubham Soni 

sonishubham.786@gmail.com  

NRI Institute of Information Science and Technology,  

Bhopal, Madhya Pradesh 

Madhu Upadhyay 

madyant44@gmail.com  

NRI Institute of Information Science and Technology, 

 Bhopal, Madhya Pradesh 
 

ABSTRACT 
 

Integrated PV/Wind grid connected system is emerging as a solution to duo problems of conventional power system of high 

transmission losses and shortage of conventional sources. Traditionally integrated non-conventional system of electricity 

generation obtained from different sources is collected at a common DC bus or are connected electrically through power 

converters to extract maximum energy. The incorporated power converter topologies utilizes different generators and control 

strategy to supply the load according to their voltage and harmonic content. The work done is to analyze the interface of solar 

electric and WGS to restore grid characteristics. A converter has been designed using neutral point clamped MLI to control the 

grid parameter as well as PV/Wind hybrid system parameter simultaneously for improving power quality of the system.  

 

Keywords: Integrated PV/Wind grid connected system (IPVWGS), Wind Power Generation (WPG), Maximum Power Point 

Tracking (MPPT), Multi Level Inverter (MLI), Point of Common Coupling (PCC). 

1. INTRODUCTION  
Conventional Power system suffers from the duo problems of high transmission losses and shortage of conventional sources to 

generate electricity. Hence power engineers focuses on grid connected operation of distributed generation (DG) like wind and 

solar. Grid connected operation of DG reduces the transmission losses, increases the reliability and efficiency. But high 

penetration of DG may increase the power quality (PQ) issues since the electric behaviour of the DG is DC and they require 

Power converters (PC) to convert the DC into AC. The PC are non-continuous devices hence they distort the fine sine wave of 

utility network particularly at PCC. The PC are required to integrate the DG into the grid in compliance with the grid code. But the 

high switching frequency of the inverters injects the harmonics into the system. Therefore, integration of these DG like PV/wind 

hybrid power system can be utilized for overcoming the intermittency and generation more reliable power with higher quality to 

the electrical grid and rural areas. However, both the PV energy and wind energy are intermittent in nature and immensely 

dependent on the environmental conditions such as the variations of solar irradiance and wind speed. Hence a robust inverter 

control is require to meet the grid code requirement of Integrated PV/Wind grid connected system (IPVWGS).  

 

Seeing to the emerging demand of PV/Wind generation, a lot of research work has been done for coordinated controlled grid 

connected operation. In [2] authors presents a novel design architecture for control of multiple grid tied DGs. [3] suggests 

asymmetric inverter control with battery back-up in PV/wind hybrid power system. [4] Presents sliding mode control strategy for 

standby IPVWGS. 

 

This paper presents a Feed Forward Control Loop converter design for IPVWGS to improve the PQ of the system. The work done 

is to analyze the interface of solar electric and WGS to restore grid characteristics. A controller has been designed to control the 

grid parameter as well as PV/Wind hybrid system parameter simultaneously. 

The paper is organized as; in section 2, proposed inverter topologies are discussed in brief. In section 3, proposed work is 

presented. Section 4 presents the simulation results followed by conclusion at last.  

 

2. INTEGRATED PV/WIND GRID CONNECTED SYSTEM (IPVWGS) 
The system configuration IPVWGS is presented in Figure 1. The studied system consist of PV generation with 0.1MW rating and 

WPG with 1.5 MW rating. The PV station and wind farm are integrated to the main PCC-bus through converters installed at DC-

buses of both the system to inject the generated power and enhance the PQ of the system. The PV station consists of 10 series and 

50 parallel modules electrically connected to achieve the desired power capacity. Moreover, the PV output is connected to the 

DC/DC boost converter to step up array output voltage, and aggregated DC/AC inverter to convert the generated DC power to AC 
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power. The incremental conductance MPPT technique is implemented to extract maximum power from PV under variable solar 

irradiance. Also, the PV station is connected with the PCC-bus through 260 V/25 KV ▲/Y transformer. On the other hand, the 

WPG is designed using permanent magnet synchronous generator driven by turbine. Furthermore, the WPG includes the grid side 

converter (GSC) for maintaining the DC-bus voltage constant. A modified MPPT technique based on mechanical power 

measurement is implemented to capture the maximum power from wind farm during variation of the wind speed. The WPG is 

interconnected with the PCC-bus through 575V/25 KV ▲/Y transformer. The designed system is controlled to operate at power 

factor of unity, and the active power injected is transmitted to the electrical grid through 30 Km transmission lines and 25 KV/120 

KV Y/▲ transformer. 

 
Fig. 1: Schematic of proposed IPVWGS 

 

3. SIMULTION MODEL OF PV SYSTEM 
A PV system is designed having 50 parallel strings and 10 Series-connected modules having power capacity of 150 KW. The 

complete simulation model pf the PV system with the proposed PI controller is presented in figure 2. The PV-VI characteristics of 

the system is given in figure 3. To obtain the constant DC output from Solar system a DC-DC boost converter is designed with 

switching frequency 5 kHz. The PV system’s generated variable DC output is tracked using MPPT algorithm. In this work 

incremental and conductance (IC) MPPT is used to generate the gate pulse for DC-DC boost converter in a way to stabilize DC 

output of solar for under variable environmental conditions of irradiance and temperature. Figure 4 Presents the DC output of 

boost converter. The boost converter is given input from solar and the boost converter is generating approximately 600 V DC 

output. For converting this regulated DC output into synchronized AC an inverter s designed with PI controller. Three phase 

universal bridge is used to design an inverter the pulses are generated for gating the switches of IGBT. A sinusoidal PWM is used 

to generate the gating signals. A phase lock loop algorithm is used to synchronize the inverter output with grid. The output voltage 

and current of inverter is shown in figure 5 and 6 respectively. 

 
Fig. 2: Simulation model of PV system 
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Fig. 3: V-I and P-V characteristics curve of the PV system 

 

 
Fig. 4: DC output of boost converter under variable irradiance 

 

 
Fig. 5: Output voltage of inverter of solar system. 

 
Fig. 6: Output current of inverter of solar system. 

 

4. SIMULATION MODEL OF WIND SYSTEM  
In the proposed IPVWGS system, WPG is designed using permanent magnet synchronous generator as shown in figure 7. To 

generate synchronous output for grid connected operation an AC-DC-AC converter is employed at the terminals of WPG. In the 
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WPG also ICMPPT is used to trigger the IGBT connected in boost converter. The DC output obtain from boost converter is 

synchronized with the grid using PLL and PI based AC converter. The output voltage and current of WPG inverter side is shown 

in figure 8 and 9 respectively. 

 
Fig. 7: Simulation Model of Wind system 

 

 
Fig. 8: Output voltage of inverter of WPG system 

 

 
Fig. 9: Output current of inverter of WPG system 

 

5. PROPOSED IPVWGS SYSTEM 
The determinations of generators, integrated system topology and control calculation are the real issues while utilizing these 

sustainable power sources. The researchers are developing lots of technologies for integrating distinctive kinds of sustainable 

power sources and their operational perceptions in grid associated and off grid mode.  In this work designing simulation and 

modelling of PV/wind hybrid system is presented to meet grid characteristics. An effective controller design is mandatory for the 

hybrid system to have efficient interfacing of power conversion circuits and controllers strategies to meet the load demand and to 

maintain the power quality of the utility system. The complete simulation model of the system design is presented in figure 10. 

The output voltage and current of the system is synchronized at PCC with the grid using PI and PLL. Figure 11 and 12 presents 

the output voltage and current at PCC when the hybrid PV/W system is integrated with grid. From the figures it is clear that the 

system designed is completely synchronised with the grid which also been verified by the Power factor at PCC as shown in figure 

13. The system has been analysed for variable solar irradiance and wind speed to check the effectiveness of the proposed 

controller. The design parameters for the system simulated is shown in table 1. 
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Fig. 10: Complete simulation model of proposed IPVWGS 

 

 
Fig. 11: Output voltage of the proposed IPVWGS system at PCC 

 

 
Fig. 12: Output current of the proposed IPVWGS system at PCC 

 

Fig. 13: Power factor of the proposed IPVWGS system at PCC 
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Table 1: Parameter selection 

Parameter Value 

PV rating 0.15 MW 

DC voltage output 4700 V 

switching frequency 5kHz 

Boost converter inductor 150mH 

Boost converter capacitor 100µF 

Filter inductance 100mH 

Filter resistance 0.01 ohm 

Filter capacitance 1000 µF 

Output voltage of DC/AC inverter 25KV 

Output current of DC/AC inverter 60A 

DC voltage of WPGS 9 KV 

AC voltage of WPGS 1 KV 

Rating of WPGS 1.5 MW 

Voltage at PCC 25KV 

 

6. CONCLUSION 
A control architecture based on Pi and PLL is proposed for grid connected operation of Integrated PV/wind grid connected 

system. The efficacy of the proposed topology is verified by employing level shifted PWM techniques under the condition of 

variable solar irradiance and wind speed. At all the variable environmental condition the proposed system gives constant output at 

PCC. To increase the number of DG system by this topology is easily possible to large extends which is a new direction in this 

field. The performance of the multifunctional VSC has been demonstrated for unity power factor since the output at PCC is 

completely synchronized and mitigate the non-linearities of the system. The result shows that the proposed topology has better 

performance than the conventional one. It is detected that the proposed inverter has superior characteristics in terms of the 

required devices, control requirements, cost, reliability and efficiency. 

 

7. REFERENCES  
[1] Noureldeen, Omar, and Ahmed MA Ibrahim. (2018, February). Modeling, implementation and performance analysis of a 

grid-connected photovoltaic/wind hybrid power system. In 2018 International Conference on Innovative Trends in Computer 

Engineering (ITCE) (pp. 296-304). IEEE. 

[2] H. Laabidi and A. Mami, (2015). Grid connected Wind-Photovoltaic hybrid system. 2015 5th International Youth 

Conference on Energy (IYCE), pp. 1-8. 

[3] A.Moualdia, MO. Mahoudi, L.Nezli, O. Bouchhida, oualdia Abdelhafidh, “Modelling and Control of a Wind Power 

ConversionSystem Based on the Double-Fed Asynchronous Generator”, Vol.2, No.2, 2012, INTERNATIONAL JOURNAL 

of RENEWABLE ENERGY RESEARCH. 

[4] R. Benadli and A. Sellami, (2014). Sliding mode control of a photovoltaic-wind hybrid system. 2014 International 

Conference on Electrical Sciences and Technologies in Maghreb (CISTEM), pp. 1-8. 

[5] A. Parida and D. Chatterjee, (2016). Cogeneration topology for wind energy conversion system using doubly-fed induction 

generator. IET Power Electronics, vol. 9, pp. 1406-1415. 

[6] Caroline de Oliveira Costa Souza Rosa, Kelly Alonso Costa, Eliane da Silva Christo  and Pâmela Braga Bertahone, 

“Complementarity of Hydro, Photovoltaic, and WindPower in Rio de Janeiro State”, journal of sustainability, 29 June 2017. 

[7] Arul, P. G., Ramachandaramurthy, V. K., & Rajkumar, R. K. (2015). Control strategies for a hybrid renewable energy 

system: A review. Renewable and sustainable energy reviews, 42, 597-608. 

[8] Bratcu, A. I., Munteanu, I., & Ceanga, E. (2008, June). Optimal control of wind energy conversion systems: from energy 

optimization to multi-purpose criteria-a short survey. In 2008 16th Mediterranean Conference on Control and Automation 

(pp. 759-766). IEEE. 

[9] Martinez, J. A., Dinavahi, V., Nehrir, M. H., & Guillaud, X. (2011). Tools for analysis and design of distributed resources—

Part IV: Future trends. IEEE Transactions on Power Delivery, 26(3), 1671-1680. 

[10] Lago, J., & Heldwein, M. L. (2011). Operation and control-oriented modeling of a power converter for current balancing and 

stability improvement of DC active distribution networks. IEEE Transactions on Power Electronics, 26(3), 877-885. 

[11] Das, V., Padmanaban, S., Venkitusamy, K., Selvamuthukumaran, R., Blaabjerg, F., & Siano, P. (2017). Recent advances and 

challenges of fuel cell based power system architectures and control–A review. Renewable and Sustainable Energy Reviews, 

73, 10-18. 

[12] Brahma, S. M. (2011). Fault location in power distribution system with penetration of distributed generation. IEEE 

transactions on power delivery, 26(3), 1545-1553. 

[13] Shirek, G. J., & Lassiter, B. A. (2013). Photovoltaic power generation: modeling solar plants' load levels and their effects on 

the distribution system. IEEE Industry Applications Magazine, 19(4), 63-72. 

[14] Nehrir, M. H., Wang, C., Strunz, K., Aki, H., Ramakumar, R., Bing, J., ... & Salameh, Z. (2011). A review of hybrid 

renewable/alternative energy systems for electric power generation: Configurations, control, and applications. IEEE 

transactions on sustainable energy, 2(4), 392-403. 

[15] F. A. Farret and M. G. Simões, Integration of alternative Sources of Energy. Hoboken, NJ: Wiley, 2006. 

file:///C:/omak/Downloads/www.IJARIIT.com


International Journal of Advance Research, Ideas and Innovations in Technology 

© 2020, www.IJARIIT.com All Rights Reserved                                                                                         Page |158 

[16] Ko, S. H., Lee, S. R., Dehbonei, H., & Nayar, C. V. (2006). Application of voltage-and current-controlled voltage source 

inverters for distributed generation systems. IEEE Transactions on Energy Conversion, 21(3), 782-792. 

[17] Ghafoor, A., & Munir, A. (2015). Design and economics analysis of an off-grid PV system for household electrification. 

Renewable and Sustainable Energy Reviews, 42, 496-502. 

[18] Pinomaa, A., Ahola, J., & Kosonen, A. (2011, April). Power-line communication-based network architecture for LVDC 

distribution system. In 2011 IEEE International Symposium on Power Line Communications and Its Applications (pp. 358-

363). IEEE. 

[19] Prodanovic, M., & Green, T. C. (2006). High-quality power generation through distributed control of a power park 

microgrid. IEEE Transactions on Industrial Electronics, 53(5), 1471-1482. 

[20] Guerrero, J. M., Matas, J., de Vicuna, L. G., Castilla, M., & Miret, J. (2007). Decentralized control for parallel operation of 

distributed generation inverters using resistive output impedance. IEEE Transactions on industrial electronics, 54(2), 994-

1004. 

[21] Maharjan, L., Inoue, S., & Akagi, H. (2008). A transformerless energy storage system based on a cascade multilevel PWM 

converter with star configuration. IEEE Transactions on Industry Applications, 44(5), 1621-1630. 

[22] Lago, J., & Heldwein, M. L. (2011). Operation and control-oriented modeling of a power converter for current balancing and 

stability improvement of DC active distribution networks. IEEE Transactions on Power Electronics, 26(3), 877-885. 

[23] Tsikalakis, A. G., & Hatziargyriou, N. D. (2011, July). Centralized control for optimizing microgrids operation. In 2011 

IEEE power and energy society general meeting (pp. 1-8). IEEE. 

[24] Guerrero, J.M.; Vasquez, J.C.; Matas, J.; Castilla, M.; de Vicuna, L.G., "Control Strategy for Flexible Microgrid Based on 

Parallel Line- Interactive UPS Systems," Industrial Electronics, IEEE Transactions, vol.56, no.3, pp.726,736, March 2009. 

[25] Fei Wang; Duarte, J.L.; Hendrix, M.AM., "Grid-Interfacing Converter Systems With Enhanced Voltage Quality for 

Microgrid Application— Concept and Implementation," Power Electronics, IEEE Transactions, vol.26, no.12, pp.3501,3513, 

Dec. 2011. 

[26] Abdelsalam, A. K., Massoud, A. M., Ahmed, S., & Enjeti, P. N. (2011). High-performance adaptive perturb and observe 

MPPT technique for photovoltaic-based microgrids. IEEE Transactions on Power Electronics, 26(4), 1010-1021. 

[27] Johnson, K. E., Fingersh, L. J., Balas, M. J., & Pao, L. Y. (2004). Methods for increasing region 2 power capture on a 

variable-speed wind turbine. J. Sol. Energy Eng., 126(4), 1092-1100. 

 

file:///C:/omak/Downloads/www.IJARIIT.com

