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Abstract: Now a day due to depletion of fossil fuels, 

renewable energy sources are plying major role in 

contributing to meet load demand to certain extent. 

Due to technology advancement and the mass 

production of the equipments like wind turbine 

generators, photovoltaic cell and power electronic 

devices, etc. the wind and photovoltaic generating 

systems are becoming cost effective to install and 

operate.  Due to varying output of the wind energy and 

the photovoltaic (PV) energy systems, the hybrid 

energy system is preferred to deliver continuous power.  

This paper is to model and simulate dc-connected grid-

interfaced hybrid PV/Wind power system interfaced 

through power electronic models using 

MATLAB/SIMULINK. Using simulated model, 

performance study is done for different dynamic 

conditions.    

Key-words: Wind model, PV model, Voltage source 

inverter (VSI), PQ controller and DC shunted system.  

 

1.  Introduction 

 

The energy demand is increasing day by day due 

to increase in industrialization and standard of 

living. Renewable energy sources (RES) are 

abundant sources which are from direct sun 

energy or derived form of energy sources like 

wind, tidal, wave, etc., and these will play a 

major role to meet energy demand. Hybrid 

energy system (HES) consists of more than two 

energy sources. In RES hybrid systems there are 

two kinds; first topology is wind power with fuel 

cell and other topology is wind power with PV 

[1] & [2]. PV/wind energy systems are combined 

into hybrid system due to their complementary 

power output. Therefore hybrid PV/wind energy 

system has more capability to generate 

uninterrupted power output. In case of hybrid 

isolated energy systems, battery banks are 

necessary to feed the load, the best way to utilize 

these renewable energy sources (RES) is in the 

grid connected mode of operation. Due to grid 

integration of RES, the harmonics are produces 

because of nonlinearity of power electronic 

converters. The overall harmonics produced here 

will disturb the grid quality of supply too. So 

here the simulation model has been developed to 

study HES wind/PV system to do dynamic 

system performance studies and the 

corresponding power quality indices like THD 

study.  

 

Fig. 1 Block diagram of DC-shunted HES 
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The above block diagram of HES consists of wind 

power, PV power and fuel cell power systems 

interfaced to the grid. Here the DC bus has been 

created to connect all RES regulated output by the 

help of power converters. The DC bus is 

connected to VSI with filter to feed power to local 

loads as well as the grid [12] & [14].   

2. Dc-shunted topology of grid-interfaced 

pv/wind hes 

The DC output from PV system and the AC 

output from wind system is fed to grid by the help 

of suitable converters. The DC connected 

topology is discussed below [4]. 

 
Fig. 2 Schematic diagram of DC topology  

In Fig. 2 the regulated DC output of PV system 

from controlled DC/DC converter and the 

uncontrolled rectified output of wind energy 

system connected to one more controlled 

converter are connected to a common DC link. 

Input of DC/AC converter is fed from DC link and 

AC output of converter is fed to grid using PQ 

controller [15] & [16].  

 

The modeling aspect of the above system is 

discussed as follow: 

2.1 Boost converter design  

Boost converter gives regulated DC voltage from 

variable DC input which is obtained by wind and 

PV arrays.  

 
Fig. 3 Block diagram of DC/DC boost converter 

The Fig. 3 shows the boost converter topology, it 

is connected between RES and DC link. The 

regulated DC output is obtained by controlling the 

gate pulse of IGBT switch which is controlled by 

PWM output tuned by PI controller with respect 

to reference voltage.  

Components are calculated by using the following 

equations: [6] 
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Where, D is Duty cycle, Vin is Input voltage from 

RES, Vout boost converter output voltage, Pin is 

Input power from RES, R is Load resistance and fs 

is Switching frequency. 

2.2 Voltage source inverter (VSI) 

The VSI converts rectified DC power into 3Ф AC 

power source. 

Typically those are controlled by two ways. One 

is active power (P) and reactive power (Q) control 

scheme under grid interfaced condition and other 

one is active power (P) and voltage (V) control 

under isolated load condition [3] [7] [8] & [11]. 

Here the PQ control scheme is implemented using 

SIMULINK.  



 

 
 

Fig. 4 Simulated PQ control strategy [17] 

Fig. 4 grid connected inverter control scheme.  

The voltage of DC link is measured and compared 

with DC link reference voltage to control active 

power flow. This error is taken as current 

reference to compare actual current. Inverter 

control performed in d-q frame rotating [17].  The 

voltage equations are as follow.  
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q-axis current is set by q-axis voltage controller to 

control the reactive power flow. Decouple of d-q 

axes are done by the parameters  Lfiq and - Lfid.  

2.3 Simulated model 

 

Fig. 5 Simulated diagram of DC-shunted topology 

of grid-interfaced hybrid PV/wind HES 

Fig. 5 shows the final modeled simulation 

diagram.  System is modeled by interconnecting 

PV and wind system model, DC/DC boost 

converter, DC link, VSI, Local load and the utility 

grid as shown [9] & [10].  

3. Results and Discussions 

By using the simulated model, performance study 

has been done by giving following input 

parameters: Solar irradiation 800 W/m
2
, 

temperature 25
0
C, wind seed 12 m/s and load 

parameters active power 100 kW, reactive power 

60 kVAR are given to simulated model with 

415V, 50 Hz as grid parameter. To do dynamic 

performance study, the particular parameters are 

changed during the particular dynamic period as 

given in each case.  



 

 

3.1 Variation of load 

In this case the 50 KW load is increased during 1s. 

 
Fig. 6(a) DC Link Voltage. 

 

In Fig. 6(a) constant DC link voltage is obtained 

during simulation with the help of boost regulators 

tuned by PI controllers. 

 
Fig. 6(b) AC Voltage. 

 

In Fig. 6(b) constant voltages are obtained 

throughout simulation controlled by the controller. 

 
Fig. 6(c) AC Voltage THD. 

 

In fig. 6(c) shows voltage THD index of AC 

voltage waveform which shows 1.10% and it is 

within limit as mentioned in grid standards (IEEE-

1547). 

 
 Fig. 6(d) Load Current. 

 

Fig. 6(d) shows variation of AC current at load 

terminal due to increase in load at 1s. The current 

has been increased at 1s and the increased load 

current is fed from grid which is shown in fig. 

6(f). 

 

 
Fig. 6(e) Load Current THD. 

 

In fig. 6(e) shows current THD index of AC load 

current which shows 2.85% and it is within the 

limit as mentioned in grid standards (IEEE-1547). 

 

  
Fig. 6(f) Grid Current. 

 



 

Fig. 6(f) shows variation of AC current at grid 

terminal to feed increase in load demand at 1s. 

 

 
Fig. 6(g) Frequency Variation. 

 

In Fig. 6(g) the system frequency variation 

throughout the simulation time is within the limits 

of grid connection requirement which is specified 

in the standard IEEE-1547. 

            

3.2 Generation variation 

In this case wind speed is varied from 12 m/s to 

14 m/s at 0.7s, there is change in temperature from 

25
0
C to 30

0
C at 0.9s, there is change in solar 

irradiation from 800 W/m
2
 to 1000 W/m

2
 at 1.25s. 

 
Fig. 7(a) DC Link Voltage. 

 

Fig. 7(a) shows DC link voltage which is obtained 

during simulation with the help of boost regulators 

tuned by PI controllers. The dynamic disturbances 

like change in wind speed, irradiation or change in 

temperature on DC link voltage is not much 

predominant and the deviation of voltage level is 

less (within grid standards) as shown.   

 
Fig. 7(b) AC Voltage. 

 

In Fig. 7(b) constant voltages are obtained 

throughout simulation controlled by the controller. 

 

 
Fig. 7(c) AC Voltage THD. 

 

 

In fig. 7(c) shows voltage THD index of AC 

voltage waveform which shows 1.12% and it is 

within limit as mentioned in grid standards (IEEE-

1547). 

 

 
 Fig. 7(d) Grid Current. 

 

Fig. 7(d) shows variation of AC current at grid 

terminal due to increase in generation at 1.25s. 

The current has been decreased at 1.25s due to 

increase in generation.  



 

 

 
Fig. 7(e) PV and Wind Current. 

 

Fig. 7(e) shows variation of AC current at inverter 

terminal due to increase in irradiation from1000 

W/m
2
 to 1800 W/m

2
 at 1.25s. The current has 

been increased at 1.25s due to increase in 

generation.  

 

 
Fig. 7(f) PV and Wind Current THD. 

 

In fig. 7(f) shows current THD index of AC 

current waveform at inverter output, which shows 

5.97% and it is near to the limit as mentioned in 

grid standards (IEEE-1547). 

 

 
Fig. 7(g) Frequency Variation. 

In Fig. 7(g) the system frequency variation 

throughout the simulation time is within the limits 

of grid connection requirement which is specified 

in the standard IEEE-1547. 

3.3Single- line fault 

In this case the LG fault is created at load during 

0.5s to 0.55s.  

 
Fig. 8(a) DC Link Voltage. 

 

Fig. 8(a) shows DC link voltage which is obtained 

during simulation with the help of boost regulators 

tuned by PI controllers. The dynamic disturbance 

deviation of voltage level is less (within grid 

standards) as shown.   

 

 
Fig. 8(b) AC Voltage. 

 

In Fig. 8(b) inverter voltage due to LG fault at 

load side during 0.5s.   

 

 
Fig. 8(c) AC Voltage  THD. 

 



 

In fig. 8(c) shows voltage THD index of AC 

voltage waveform which shows 1.15% and it is 

within limit as mentioned in grid standards (IEEE-

1547). 

 

 
 Fig. 8(d) Load Current. 

 

Fig. 8(d) shows AC current at load terminal 

during LG fault at 0.5s. 

 

 
Fig. 8(e) Load Current THD. 

 

In fig. 8(e) shows current THD index of AC 

current waveform at load, which shows 5.97% and 

it is within limit as mentioned in grid standards 

(IEEE-1547). 

 

 
Fig. 8(f) Grid Current. 

Fig. 8(f) shows AC current at grid terminal during 

LG fault at 0.5s. 

 

 
Fig. 8(g) Frequency Variation. 

 

In Fig. 8(g) the system frequency variation 

throughout the simulation time is within the limits 

of grid connection requirement which is specified 

in the standard IEEE-1547. 

 

CONCLUSIONS 

Here the modeling of PV/wind HES has made 

using MATLAB/Simulink. The PQ control is used 

to control VSI.  

 

The grid connected HES topology is better than 

stand alone HES, because grid connected HES 

system requires no battery system and it can 

supply local load, the remaining power can be fed 

to the grid. So grid connected HES are eco-

friendly systems and there will not be any power 

interruptions, like in standalone systems. 

 

The DC shunted HES gives us the saving of one 

VSI and gives good performances which meets 

IEEE-1547 standards like DC link voltage 

deviation within 10%of rated voltage, frequency 

deviation (49.3-50.5) Hz for >30kW rated systems 

and THD limit 5%. The modeled topology is more 

economic than AC shunted HES.  

  

Further the PID controller tuning can be done by 

fuzzy or artificial neural network (ANN) 

technique to get good performance.  

 

 

 



 

 

REFERENCES 
1. Alejandro Rolan, Alvaro Luna, Gerardo Vazquez and 

Gustavo Azevedo.: Modeling of a Variable Speed 

Wind Turbine with a Permanent Magnet Synchronous 

Generator. In: IEEE International Symposium on 

Industrial Electronics, 2009.  

2. Akshay B. Zade, Asha Gaikwad, Ku. Prachi M. 

Jeevane, Ganesh Lohote.: Hybrid Solar and Wind 

Power Generation with Grid Interconnection System 

for Improving Power Quality. In: International 

Conference on Power Electronics, Intelligent Control 

and Energy Systems IEEE, 2016.  

3. Aissou S., Rekioua D., Mezzai N., Rekioua T., Bacha 

S.: Modeling and control of hybrid photovoltaic wind 

power system with battery storage. In: Energy 

Conversion and Management, 89, pp. 615-625, 2015. 

4. B. M Hasaneen and Adel A. Elbaset Mohammed.: 

Design and Simulation of DC/DC Boost Converter. 

In: IEEE Power System Conference, 2008.  

5. Chang Ye, Shihong Miao, Qi Lei and Yaowang Li.: 

Dynamic Energy Management of Hybrid Energy 

Storage Systems with a Hierarchical Structure. In: 

Energies, 9, 395; doi: 10.3390/en9060395, 2016. 

6. Md. Nurunnabi, N. K. Roy.: Grid Connected Hybrid 

Power System Design Using HOMER. In: 3rd 

International Conference on Advances in Electrical 

Engineering”, December, IEEE, 2015. 

7. Mubashar Yaqoob Zargar, Mairaj-ud-Din Mufti, 

Shameem Ahmed Lone.: Modelling and Control of 

Wind Solar Hybrid System Using Energy Storage 

System. In: International Conference on Computing, 

Communication and Automation, IEEE, 2016. 

8. Nagendra K, Vinatha U, Krishnamurthy N, Raghu 

N.: Performance study of grid connected wind and 

photovoltaic hybrid energy system under variation of 

generation. In: The Journal of CPRI, Vol. 10, No. 3, 

pp. 501-506, September 2014. 

9. Nagendra K, Krishnamurthy N, Raghu N, Trupti 

V.N.: Analysis of AC-shunted grid interfaced hybrid 

Photovoltaic/wind energy system using dynamic 

Simulation model. In: Journal of Electrical 

Engineering, Mar 31, 2016. 

10. Nagendra K, Krishnamurthy N, Raghu N, Sowjanya 

reddy, Sai Mahesh.: Modeling and simulation study 

of permanent magnet synchronous generator based 

wind turbine system in micri grid applications. In: 

Vol 1, issue 5, IJARIIE, ISSN-(O)-2395-4396, 2016. 

11. Nagendra K, Karthik J, Keerthi Rao C, Kumar Raja 

Pemmadi.: Modeling simulation and performance 

study of gridconnected photovoltaic energy system. 

In: International Journal of Research –Granthaalayah, 

Vol.5 (Iss.4: RACEEE), April, 2017. 

12. Roumila, Z., Rekioua, D., Rekioua, T.: Energy 

management based fuzzy logic controller of hybrid 

system wind/photovoltaic/diesel with storage battery. 

In: International Journal of Hydrogen Energy 42(30), 

pp. 19525-19535, 2017. 

13. Sajib Chakraborty, S M Salim Reza, Wahidul Hasan.: 

Design and Analysis of Hybrid Solar-Wind Energy 

System Using CUK & SEPIC Converters for Grid 

Connected Inverter Application. In: IEEE PEDS, 

2015. 

14. Sara Ghaem Sigarchiana, Anders Malmquista,Torsten 

Franssona.: Modeling and control strategy of a 

hybrid PV/Wind/Engine/Battery system to provide 

electricity and drinkable water for remote 

application. In: ISES Solar World Congress, 2013, 

Energy Procedia 57  1401 – 1410, 2014. 

15. Seddik Bacha, Damien Picault, Bruno Burger, Ion 

Etxeberria-Otadui, Joao Martins.: Photovoltaics in 

Microgrids: An Overview of Grid Integration and 

Energy Management Aspects. In: IEEE Industrial 

Electronics Magazine 03/ 9(1):33-46, 2015. 

16. Sunil Patel, Nayana Prajapati.: Grid Connected Solar 

and Wind Hybrid System. In: International Journal for 

Innovative Research in Science & Technology, May 

2016. 

17. Vechiu, A. Llaria, O. Curea and H. Camblong.: 

Control of Power Converters for Microgrids. In: 

EVER'09, Monaco, 26-29 March 2009. 

 

 

 


