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ABSTRACT 
Background - This paper deals with experimental investigations on interleaved boost converter for renewable energy systems 
namely wind and solar PV. Objective - The interleaved boost converter is proposed at the output of solar PV and wind systems for 
boosting the voltage. The modeling, simulation and implementation of wind and solar PV system is carried out by replacing the 
conventional boost converter topology with an interleaved boost converter (ILBC). Result - The hardware of the ILBC system is 
fabricated in the laboratory and the same was tested using resistive load. The results of ILBC system are compared with those of 
the two-inductor boost converter (TIBC) and the single boost converter (SBC) system. Conclusion - The experimental results are 
compared with the simulation results and are matching. 

 

KEYWORDS: Small Wind Turbine (SWT); Solar Photovoltaic (SPV); Interleaved Boost Converter (ILBC); Two-Inductor 

Boost Converter (TIBC); Single Boost Converter (SBC); Pulse Width Modulation (PWM)  
     

INTRODUCTION 

 

Interleaved operation has  made  converters very interesting now a days.  A lot of work has been carried out 

so far to indicate the positive features of ILBC topology over other converter topologies. A photovoltaic power 

generation system was proposed in with an interleaved soft switching boost converter in [1] wherein the 

efficiency of the DC-to-DC converter used for the power conditioning unit of the PV system was increased and 

losses such as switching losses were reduced. The design and implementation of ILBC using SiC diodes for PV 

application was carried out by optimizing the size and efficiency of the ILBC in [2]. An interleaved boost 

converter with the ripple cancellation network is proposed in [3] without significant increase in the stress due to 

current and loss in the converter. This ILBC has great potential to be applied to high power, high efficiency DC-

to-DC conversion. Interleaved Pulse Width Modulation converters of DC-to-DC type are applied widely in 

many applications [4]. The interleaved converter cells can share the current stress and can enhance the power 

bearing capability with the same capacity power components [5]. Boost converters are extensively used for 

power factor correction purpose as pre-regulators. In high-power applications, interleaved boost converters with 

two or more converters has been proposed which will increase the output power and  reduce the output ripple 

[6]. The power converter are compared and how to improve the power quality and to an extent to extract 

maximum power from the wind is detailed in [7].  
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The above literature does not deal in the use of the interleaved boost converter in a standalone renewable 

system for low power rural applications. This work proposes an interleaved boost converter between a 

renewable source and an inverter. Interleaved boost converters are applied for power factor correction at the 

front-end. These converters are able to provide higher output power with lower output ripple. This paper deals 

with the experimental investigations of an interleaved boost converter system. The modeling, simulation and 

implementation of the wind and solar PV system was carried out using the ILBC converter, which replaces the 

conventional boost converter topology. The paper also compared an ILBC system with the TIBC and SBC 

systems. The simulation results are validated using experimental verification. 

 

II.  System Configuration: 

The system consists of a wind generator, a solar PV (SPV) module and a battery. The AC power from the 

wind energy conversion system is converted into DC power by a three-phase rectifier. The output voltage from 

the rectifier is stepped up by the ILBC. The DC power from the SPV and the battery are directly fed to the 

ILBC. The ILBC converts the low voltage DC supply into the high voltage DC supply. The pulse width 

modulation of the MOSFETs is used to control the output voltage. The interleaved concept is used to reduce the 

output ripple current. The phase angle difference between the gate signals of the two MOSFETs, Vg1 and Vg2, is 

kept at 180° in the ILBC. 

The stepped-up DC voltage from the ILBC is inverted to AC by a single-phase inverter. However, this 

output has harmonics, which is filtered by an LC filter. The AC power output is then connected to meet the load 

requirement.  

Fig. 1 shows the block diagram of the ILBC based wind-solar hybrid system. 

 

 
 

Fig. 1: Block diagram of the interleaved boost converter based wind-solar hybrid system 

 

III. Review Of Steady-State Characteristics Of The Ilbc: 

The formation of ILBC is done by taking together two independent converters which are used for switching 

purpose.  For each boost-switching unit, there are two switching states.  When the switch is ON, the current in 

the inductor rises and the diode gets blocked.  Next instance, the switch is OFF, hence the inductor starts 

discharging and transfers the current through the diode to the load. 

To study the steady state characteristics of the ILBC, the parameters are as follows: 

A. Boost ratio: The boost ratio of the converter can be also called as the duty ratio.  It can be defined by using 

(1), 

                     (1) 

where, Vdc is the output voltage, Vin is the input voltage and  is boost ratio. 

B. Input current: (2) gives the input current, which is depending on the input power and the input voltage. 

                     (2) 

C. Inductor Current Ripple (peak to peak) (3) amplitude can determine the inductor current ripple value between 

peak to peak  

                            (3) 

where and L is the inductance  fsw is the switching frequency.  

 D. The different operating currents in Semiconductors can be depicted by the  Fig. 2, which shows the 

typical waveforms of one leg of the ILBC and the semiconductor loss distribution in one switching cycle.  

Ideally, the input current is shared evenly by the two switching cells.  Thus half of the current only flows in each 

leg, i.e. Iin /2.  

 Thus 

                (4) 
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                       (5) 

where, iD,off  and iD,on represent the drain currents of the MOSFETs at the turn-off and turn-on respectively, iF,off  

and iF,on represent the operating currents of the diodes at the turn-on and turn-off conditions. 

 RMS values of the current, which flows through the semiconductors can be represented by Equations (6) & 

(7).  

                  (6) 

               (7) 

 

Based on (1) - (7), the inductance, the inductor losses, and the semiconductors losses can be determined. 

 
Fig. 2: Typical waveform of one leg of the ILBC at rated the power 

 

IV. Simulation Of Hybrid System Components: 

A. ILBC based Wind Energy Conversion System: 

The wind generator model for the input of the converter consists of a Permanent Magnet Synchronous 

Generator (PMSG), as shown in Fig. 3. The PMSG is primarily associated with high performance applications.  

The use of permanent magnet in the rotor circuit gives an advantage that the design of the machine is simplified. 

Losses are not there as rotor circuit contains no current. When the speed of the wind increases, the maximum 

power output of the PMSG also increases. 

 
Fig. 3: Model of the Wind Generator 

 

Fig. 4 shows the three phase output voltages of the wind energy conversion system. The voltages are 

displaced by 120°.   
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Fig. 4: Three phase output voltage of wind generator 

 

The ILBC consists of two boost converters operating with a phase shift of 180°. The input currents are the 

sum of the two inductor currents IL1 and IL2. As the inductor ripple currents are out of phase, they cancel each 

other and hence reduce the ripple in the input current. Fig. 5 shows the Simulink model of interleaved boost 

converter and Fig. 6 shows the switching pulses given to the MOSFETs of the two- switch ILBC displaced by 

180°. Fig. 7 shows the output voltage of the two-switch ILBC powered by the wind generator, which settles at 

75 V. Fig. 8 shows the output power of the two-switch ILBC based wind energy conversion system, which is 

nearly 260 W. 

 
Fig. 5: Simulink model of Interleaved Boost Converter 

 

 
Fig. 6: Switching pulses for M1 & M2 of Interleaved Boost Converter 

 

 
Fig. 7: Output voltage of Interleaved boost Converter 
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Fig. 8: The output power of the two-switch ILBC based WECS 

 

B. ILBC based Solar Photovoltaic (SPV) System: 

Fig. 9 shows the ILBC based model of the solar photovoltaic system. Fig. 10 shows the power measurement 

of the solar PV system. The voltage and current are measured and multiplied to obtain the power supplied by the 

solar panel. 

 
Fig. 9: Solar Photovoltaic System 

 
Fig. 10: Power measurement of the solar PV system 

 

Fig. 11 shows the output of SPV system.  It can be seen that the output voltage is 12.2 Volts. 

 
Fig. 11: Output voltage of solar PV system 

 

The output of SPV arrays is boosted by using an interleaved boost converter. Fig 1.2 shows that the output 

voltage is 75 V. 
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Fig. 12. Output voltage of Interleaved boost converter 

 

C)  ILBC based Battery System 

 

The battery is the energy storage option in a standalone system. Fig. 13 shows the ILBC based SIMULINK 

model of the battery system.  

 
Fig. 13: The battery System 

 

The output voltage of the battery is boosted by using the ILBC. Fig. 14 shows that the battery voltage is 14 

V. 

 

 
Fig. 14: Output voltage of the battery 

 

Fig. 15 shows the output of the Interleaved Boost Converter (ILBC). It can be seen that the ripple at the 

output is minimized and the DC output voltage is 75 V.  

 

 
Fig. 15: Output Voltage of the ILBC based battery system 
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Fig. 16 shows switching pulses for M1 & M3 of inverter 

.  

 

Fig. 16: Switching Pulses for M1 & M3 of the inverter 

 

Fig. 17 shows the output voltage of the inverter with LC filter. 

 

 
Fig. 17: Output voltage of the inverter 

 

Fig. 18 shows the current through the load connected at the output of the inverter. 

 

 
Fig. 18: Output current of the inverter 

 

D) ILBC based Hybrid System: 

The simulations by integrating the wind-solar hybrid system using ILBC was also carried out as shown in 

Fig. 19. The output power of the ILBC wind-solar-battery hybrid system is 550 Watts as shown in Fig. 20. 

 

 
 

Fig. 19: Simulink model of the two-switch ILBC based wind-solar hybrid system 
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Fig. 20: Output power of the two-switch ILBC based wind-solar hybrid system 

 

V. Comparison of the ILBC with TIBC and SBC: 

Two similar systems using the TIBC and the SBC were modelled, simulated and experimentally validated. 

The peak-to-peak ripple voltage for the SBC is shown in Fig. 21.  It can be inferred that the voltage varies 

between 38-48 V.  The percentage of ripple content is 23.25%. 

 

 
Fig. 21: Output voltage of the SBC  

 

The peak-to-peak to ripple voltage for a two inductor boost converter is shown in Fig. 22. It can be seen that 

voltage ripple has reduced and is varying from 47 - 51 V. The percentage of ripple content is 8.16%. 

 

 
 

Fig. 22: Output voltage of the TIBC  

 

 The peak-to-peak ripple voltage for the ILBC is shown in Fig. 23. It can be seen that the voltage ripple has 

been considerably minimized when compared to SBC and TIBC and is varying from 70-75 V.  The percentage 

of ripple content for ILBC works out to be 6.89%. 

 

 
Fig. 23: Output voltage of interleaved boost converter 

 

 The comparison of ILBC, TIBC and SBC are shown in Table 1.  It can be seen that the ILBC system 

produces highest output power.   

 
Table I: Comparison Of The Ilbc, Tibc And Sbc Systems 

Sl. No. 
Electrical  

parameters 

Single boost converter 

(SBC) 

Two Inductor Boost 

Converter (TIBC) 

Two switch Interleaved Boost 
Converter 

(ILBC) 

1. Input voltage (Vin) 12V 12V 12V 
2. Output voltage (Vo) 48V 50V 75V 

3. Percentage of ripple content 23.25% 8.16% 6.89% 

4. No. of diodes  1 No. 1 No. 2 Nos. 
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5. No. of MOSFETs 1 No. 1 No. 3 Nos. 

6. No. of inductors 1 No. 3 Nos. 3 Nos. 
7. No. of capacitors 1 No. 3 Nos. 3 Nos. 

8. Power output with the  200 Ω resistive load 203 W 500 W 550 W 

 

VI. Experimental Verification: 

The hardware of the ILBC system is fabricated and tested in the laboratory with a resistive load.  The 

hardware consists of a control circuit board, an ILBC board and an inverter board. The control pulses are 

produced by using PIC16F84. These are amplified by using IR2110 driver circuit. The chip IR2110 is capable of 

driving two MOSFETs. The regulators 7812 and 7805 feed the driver and PIC ICs respectively.  

The hardware is implemented with the following specifications. 

 L = 0.1 μH 

 R = 25 Ω 

 C = 1000 μF  

 fo = 50 Hz 

 

The experimental setup is shown in Fig 24.  

 

 
Fig. 24: Hardware snapshot 

 

Fig. 24 Hardware snapshot 

Fig. 25 shows the DC input voltage to the ILBC, which is free from the ripples.  

 

 
X - Axis 1 div = 0.1s - Y- Axis 1 div = 10 V 

Fig. 25: DC input voltage 

 

Fig. 26 and 27 show the switching pulses used to turn on the MOSFETs of ILBC. 
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X - Axis 1 Div = 0.05 ms; Y - Axis 1 Div = 5V 

Fig. 26: Switching pulse for the MOSFET M1 of the ILBC 

 

 
 

X - Axis 1 unit = 0.05 ms; Y - Axis 1 unit = 5V 

Fig. 27: Driving pulse for MOSFET of ILBC 

 

 Fig. 28 shows the output of ILBC which is 75 V. 

 
X - Axis 1 unit = 0.1s; Y - Axis 1 unit = 20V 

Fig. 28: Output voltage of the ILBC 

 

Fig. 29 shows the output voltage of the inverter.  The output is sinusoidal in nature. 

 

 
X - Axis 1 Unit = 0.01s; Y - Axis 1 unit = 20V 

Fig. 29: Inverter output voltage with the LC filter 
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RESULTS AND DISCUSSIONS 

 

The output power for the SBC, the TIBC and ILBC was compared by varying the resistive load from 100Ω 

- 200Ω. The same is detailed in Table 2 and Fig. 30. Fig. 32 shows the variation of the output power with load 

resistance for SBC, the TIBC and the ILBC systems. 
 

Table II: Comparison Of The Output Power For The Ilbc, Tibc And Sbc 

Load resistance R(Ω) 
Output Power 
SBC (W) 

Output power 
TIBC (W) 

Output power 
ILBC (W) 

% Increase in output power by the ILBC as 
compared to the TIBC 

100 160 469 518 9.45 

120 173 478 523 8.60 
150 186 486 536 9.32 

180 198 492 541 9.05 

200 203 500 550 9.09 

   
AVERAGE 9.10 

 

 
 

Fig. 30: Output power vs load resistance of the ILBC, TIBC and SBC 

 

The variation in the power output is obtained by varying the load resistance from 100Ω to 200Ω. The 

average percentage increase in the power output is about 9.10% when using the ILBC wind-solar hybrid system. 

Hence, it is preferred to use the ILBC for low power standalone wind-solar hybrid system.  

The summary of input power, output power and the conversion efficiency are given in Table 3. The 

efficiency is the highest in the case of the ILBC system, which is 94.8%. 

 
Table III: Summary Of The Input Power, The Output Power And The Conversion Efficiency 

Converter system 
Input 
power 

Output power Efficiency 

SBC 225 203 90.2% 

TIBC 540 500 92.6% 

2S ILBC 580 550 94.8% 

 

Conclusion: 

The simulation and experimental results of ILBC based wind and solar PV system is presented in this paper.  

In addition, the comparison of the proposed ILBC based wind and solar hybrid system is carried out with a 

similar system using the two inductor boost converter and single boost converter. Results obtained indicate that 

the ripple in the output voltage is considerably minimized using ILBC system when compared to TIBC and SBC 

based system.  The three boost converter topologies, namely the SBC, the TIBC and the ILBC used for low 

power standalone hybrid system were compared in terms of the output voltage and the voltage ripple. The 

comparison of the three different boost converter topologies indicates that the two- switch ILBC boosts the 

output voltage to 75 V, which is the highest when compared to the TIBC and SBC.  In addition, the ILBC has 

lowest voltage ripple to the extent of 6.89% as compared with the TIBC and the SBC. 

The input power, the output power and the conversion efficiency for the SBC, the TIBC, and the ILBC 

were measured and it was observed that the ILBC system has the highest efficiency of 94.8%.  

The experimental results closely match with the simulation results.  It is recommended that the ILBC based 

system can be used for low power rural applications, particularly suitable for standalone renewable energy 

systems instead of the conventional two-inductor boost converter and single boost converters, suiting to the 

Indian context. 

 

IX. Nomenclature: 

SiC - Silicon Carbide Diode 

Vdc - the  output voltage 

Vin - the input voltage and  

D - the duty ratio 
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Iin - Input current 

Pin - Input power 

Vin - Input voltage 

fsw - switching of frequency and  

L -  inductance 
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