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Abstract 
 
DC/DC Converters enables the utilization of multiple energy resources for 

energy management system. DC/DC converters controls the power flow 

between each storage elements according to the power demand of the loads. 

The proposed work compares the performance of various DC/DC converter 

topologies for solar/wind hybrid system. The converter topologies considered 

for the work are SEPIC, Luo, Fused SEPIC and Fused Luo Converters. 

Among these topologies, Fused SEPIC and Fused Luo converters eliminates 

the input passive filters which are used to remove higher frequency 

harmonics and hence the efficiency of the power system is improved. The 

sizing and cost of the fused converters are also reduced. Based on the 

performance comparison it is proved that Fused Luo converter is better for 

solar/wind hybrid system with an efficiency of 92.7%. Fused Luo converter 

produces an enhanced output with reduced ripples. The performance of 

various DC/DC converters are analyzed using MATLAB Simulink. 
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1 Introduction 
 
Electricity is very much essential for our daily use. The usage of the 

fossil fuels for generating electricity leads to environmental pollution. The 

emission of CO2 results in global warming. Hence there comes the necessity 

for the development and application of green or renewable energy sources. 

Green energy can be harvested from natural resources and it is sustainable, 

abundant, flexible and economical [1-4]. Renewable energy includes solar 

energy, wind energy, tidal energy, hydro energy, geo thermal energy and so 

on. Renewable energy from sun is abundant in nature. But it cannot produce 

continuous and reliable energy throughout the day. Similarly wind mills can 

generate energy only when the wind speed is high. Therefore for 

uninterrupted power supply both the solar and wind energy sources are 

integrated to form a hybrid system [5-6]. Hybrid system improves the 

reliability and efficiency of the power system. It also maximizes the 

utilization of the sources. 
Figure 1 shows the architecture of solar/wind hybrid system. The hybrid 

system comprises of a solar panel, wind turbine and a storage device for an 

efficient power flow management. The power produced by the solar module 

is DC, it is directly fed to the converter. But the output power from wind 

module is AC, hence it is rectified and then forwarded to DC/DC converter. 

The DC output of the converter is transformed to AC power by means of an 

inverter, so that it can be used for household applications. The battery 

supplies power to the load when solar and wind energy sources are not 

generating. This enhances the power flow management and load demand 

satisfaction. The proposed work concentrates on the performance analysis of 

various DC/DC converter topologies for solar/wind hybrid system. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Architecture of Solar/Wind Hybrid System 
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Various power electronic converters are proposed to improve the output 

voltage, may be Boost, Buck, Buck-Boost, SEPIC, Flyback, KY, Resonant, 

Luo, etc. In order to minimize the converter cost and size and also to improve 

the efficiency, the single input single output converters are replaced by multi 

input multi output converters [7-8]. A multi input power converter is 

proposed for hybrid renewable energy system to supply household appliances 

[9]. DC/DC power converter is implemented to improve the voltage gain for 

renewable energy hybrid system [10]. During charging mode, the battery is 

charged by the renewable energy and the battery releases the energy through 

the converter at the discharging mode. Multi input DC/DC converter 

topologies are proposed for diversification of energy among different green 

energy sources [11-12]. 

A photovoltaic/wind/grid connected battery storage system is proposed 

for residential applications [13]. The system satisfies the load demand based 

on the availability of resources, where the surplus energy is stored in the 

battery or supplied to the grid. This system focusses on reliability and 

reduction in losses. A Fused Cuk SEPIC converter is proposed for hybrid 

photovoltaic/wind energy system [14-15], which supplies the load based on 

the availability of sources.  In fused converters, the need of input passive 

filters are not required to remove higher order frequency level harmonics. It 

improves the efficiency of the system. A Cuk SEPIC and Cuk Buck fused 

converters are proposed for hybrid wind solar system [16]. It find its 

application in rural telephony system. In this proposed work, fusion of two 

SEPIC converters and fusion of two Luo converters are designed and 

implemented for solar/wind/battery hybrid system so that it can supply load 

based on the availability of resources. It also decreases the converter cost and 

drops the sizing of the converter. 

The organization of the paper follows: The operation of various DC/DC 

converter topologies say SEPIC, Luo, Fused SEPIC, Fused Luo converters 

are elaborated in section II. Simulation results of various converters are 

discussed and their performances are compared in section III. In the final 

section conclusions are made. 

 

2 DC/DC Converter Topologies 
 

DC/DC converters are used as switching regulators, where unmodified 

DC voltage is converted to modified DC voltage. In the proposed work, both 

solar and wind energy sources are integrated using four different types of 

DC/DC converters such as SEPIC, Luo, Fused SEPIC and Fused Luo 

Converters. 
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2.1 SEPIC Converter 
 

The Single Ended Primary Inductance Converter (SEPIC) enables the 

constant output voltage of a range of DC voltages. In general, the output 

voltage was established to step up or step down without inverting its polarity 

[17]. Figure 2 displays the circuit diagram of the SEPIC converter. 

In the SEPIC converter, switch S is switched ON during its first mode of 

operation and the diode D is reverse biassed. The input voltage, Vin charges 

the inductor L1, and the capacitor C1 charges the inductor L2. The output to the 

load R is maintained by the capacitor C2. When switch S is turned OFF, the 

diode D is forward biased and starts conducting. The energy stored in the 

inductors L1 and L2 are delivered to the load R and the capacitors C1 and C2 

are recharged. 
 

 
Figure 2: SEPIC Converter 

 

The relation between input and output voltage is given by equation (1). 

                          (1) 

The relation between input and output current is given by equation (2). 

                           (2) 

Where, D – Duty cycle of SEPIC converter represented by equation (3) 

                          (3) 

Where, VD – Voltage drop across diode D. 

 

2.2 Luo Converter 
 

Luo converter was developed by F.L. Luo, which produces high output 

voltage with reduced ripples [18-20]. It improves the power density, voltage 

gain and efficiency of the system. E. Jayashree and G. Uma [21-22] proposed 

a zero voltage switching quasi resonant positive output Luo converter with 

reduced switching losses. The circuit diagram of Luo converter is shown in 

figure 3. 
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Figure 3: Luo Converter 

 

Luo converter in its first operating mode, it turns ON the switch S and so 

the input voltage Vin charges the inductors L1 and L2. At the same time, the 

capacitor C2 discharges and feeds the load R. During its second operating 

mode, the switch S gets turned OFF and the inductor L1 charges the capacitor 

C1 through the diode D. Meanwhile, the inductor L2 charges the capacitor C2 

and thereby supplies the load R. 

Under steady state condition, the relation between input and output 

voltage is given by equation (4). 

               (4) 

Similarly, the relation between input and output current is given by 

equation (5). 

                 (5) 

 

2.3 Fused SEPIC Converter 
 

In the previous section, two different DC/DC converters are used for 

power generation from two different renewable energy sources. The usage of 

two different converters leads to switching losses and wastage of energy. 

Hence, efficiency of the system gets affected. Therefore Fused DC/DC 

converters are implemented, that supplies the load either separately or 

combined together depending on the availability of renewable energy 

sources. Multiport SEPIC converter improves the power density and 

decreases the number of components used in the converter [23]. In this 

topology, both solar and wind sources are integrated by the fusion of two 

different SEPIC converters. The circuit diagram of Fused SEPIC converter is 

shown in figure 4. 
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Figure 4: Fused SEPIC Converter 

 

In Fused SEPIC converter, when both the switches S1 and S2 are ON, the 

input voltages V1 and V2 charges the inductors L1 and L3 respectively. 

Similarly the capacitors C1 and C3 charges the inductors L2 and L4 

respectively. In this mode, the diode D is reverse biased and the load R is 

supplied by the capacitor C2. When switch S1 is ON and S2 OFF, the inductor 

L3 is used to charge the capacitor C3. The capacitor C2 supplies the load R. 

When switch S1 is OFF and S2 ON, the inductor L1 is used to charge the 

capacitor C1. The load R is supplied by the capacitor C2. When both the 

switches are OFF, the diode D is forward biased. The energy stored in the 

inductors are transferred to the load and the capacitors are recharged. Fused 

SEPIC converter reduces the number of components compared to the usage 

of two different SEPIC converters connected separately to each source. 

 

2.4 Fused Luo Converter 
 

The solar and wind systems are integrated together by the fusion of 

positive and negative output Luo converters [24]. Modeling of Fused Luo 

converter is done in [25]. Fused Luo converter improves the efficiency and 

reliability of the system. The inherent nature of Fused Luo converter is that it 

does not requires additional filters to remove the unwanted harmonics of high 

frequency. It produces an improved output voltage with few ripples. In the 

proposed work, the efficiency of solar/wind hybrid system is improved by 

the fusion of two positive output Luo converters. Figure 5 shows the circuit 

diagram of Fused Luo converter. 
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Figure 5: Fused Luo Converter 

Fused Luo converter works on four modes of operation. In first mode, 

both the switches S1 and S2 gets turned ON and the diodes D1 and D2 are 

reverse biased. Input voltages V1 and V2 charges the inductors L1 and L3 

respectively. The energy stored in capacitors C1 and C3 are transferred to 

capacitor C2, thereby it supplies the load.  

In second mode, switch S1 is turned ON and S2 OFF. Here, the diode D1 

is reverse biased and D2 is forward biased. Input source voltage V1 is used to 

charge the inductor L1. The inductor L3 charges the capacitor C3 through the 

diode D2. Also, the inductor L2 charges the capacitor C2 which is used to feed 

the load.  

In third mode of operation, switch S1 is turned OFF and S2 turned ON. 

Diode D2 is reverse biased and D1 is forward biased. Input voltage V2 is used 

to charge the inductor L3. The inductor L1 charges the capacitor C1 by 

flowing throwing the diode D1. Inductor L2 is used to charge the capacitor C2 

which feeds the load. 

In fourth mode of operation, both the switches S1 and S2 are opened and 

both the diodes D1 and D2 are forward biased. The inductors L1 and L3 

charges the capacitors C1 and C3 passing through the diode D1 and D2 

respectively. The inductor L2 charges the capacitor C2, thereby it supplies the 

load. 
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3 Simulation Analysis 
 

Simulation analysis is done to evaluate the performance of four different 

types of DC/DC converters, say SEPIC, Luo, Fused SEPIC and Fused Luo 

converters used in solar/wind hybrid system. Simulation is performed using 

MATLAB/Simulink software. The converters performances are compared to 

obtain the efficient converter for uninterrupted power supply. The proposed 

work aims for uninterrupted power supply to be used for household 

applications. Hence it is mandatory to produce an AC output voltage of 230V 

and a current of 20A. The output voltage generated by different DC/DC 

converters is approximately 590V. The values of the components used in 

converters are selected based on the required output. Table 1 shows the 

values of parameters used in various DC/DC converter topologies. All the 

four converters operates under the switching frequency of 25 KHz. The value 

of resistance for SEPIC and Fused SEPIC converters are taken as 120Ω, 

whereas, for Luo and Fused Luo converters it is taken as 100Ω and 100KΩ 

respectively. The inductors and capacitors values are almost same for all the 

four converters. Based on the required output the duty cycle is varied. In 

SEPIC converter duty cycle is taken as 40% for both solar system and wind 

system. But in the case of Luo converter it is 40% for solar system and 60% 

for wind system. The duty cycle has been changed for Fused SEPIC and 

Fused Luo converters as 60% and 20% respectively. Thus Fused Luo 

converter produces the required output with less duty cycle of 0.2 compared 

to other converters. Moreover, there are four inductors in Fused SEPIC 

converter and three in Fused Luo converter, thus Fused Luo converter has 

less number of components than Fused SEPIC converter. This shrinks the 

size of the converter and decreases its cost. Hence, from the components 

used in various converters it is found that Fused Luo converter is better 

compared to other converters. 
 

Table 1: Values of Components used in DC/DC Converters 

S.No Components 
SEPIC 

Converter 

Luo 

Converter 

Fused SEPIC 

Converter 

Fused Luo 

Converter 

1 Resistor R=120Ω R=100Ω R=120Ω R=100KΩ 

2 Inductors 
L1=10mH 

L2=0.1mH 

L1=10mH 

L2=0.1mH 

L1, L3=10mH 

L2,L4=0.1mH 

L1,L3=10mH 

L2=0.1mH 

3 Capacitors 
C1=1200µF 

C2=1200µF 

C1=1200µF 

C2=1200µF 

C1, C2, 

C3=1200µF 

C1, C2, 

C3=1200µF 

4 
Switching 

Frequency 
25KHz 25KHz 25KHz 25KHz 

5 Duty Cycle 
0.4 (Solar) 

0.4 (Wind) 

0.4 (Solar) 

0.6 (Wind) 
0.6 0.2 
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3.1 SEPIC Converter 

 

The simulation results of SEPIC converter are obtained as follows. The 

solar system connected to the SEPIC converter gives an output voltage of 

600V and current of 15A. The power generated by the solar system is 

9000W, shown in figure 6(a). Similarly the wind system generates an output 

voltage of 100V and current of 25A with a power 2500W, shown in figure 

6(b). The output of solar and wind systems are directed towards two separate 

SEPIC converters, which produces an output voltage of 590V and current of 

5A. The power obtained by the SEPIC converter is 2950W. Figure 6(c) 

shows the output power of SEPIC converter. The energy stored in battery is 

580V voltage, 12A current and 6960W power. 

 

 
Figure 6: (a) Solar Power of SEPIC Converter 

 

 
Figure 6: (b) Wind Power of SEPIC Converter 
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Figure 6: (c) DC Output Power of SEPIC Converter 

 

3.2 Luo Converter 
 

The solar system connected to the Luo converter generates an output of 

700V, 8A with a power of 5600W. The wind system produces an output of 

275V, 18A with a power 4950W. The solar and wind power are shown in 

figure 7(a) and 7(b). The output of solar and wind modules are forwarded to 

two different Luo converters, which produces an output of 590V and 6A. The 

power obtained by the Luo converter is 3540W as shown in figure 7(c). The 

energy stored in battery is 580V, 10A and 5800W. 

 

 
Figure 7: (a) Solar Power of Luo Converter 
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Figure 7: (b) Wind Power of Luo Converter 

 
Figure 7: (c) DC Output Power of Luo Converter 

 

3.3 Fused SEPIC Converter 
 

The two SEPIC converters are combined together to form a Fused SEPIC 

converter. Here, the solar system gives an output of 450V, 16A. The power 

generated by the solar system is 7200W, shown in figure 8(a). The wind 

system generates an output voltage of 150V and current of 26A with a power 

3900W as shown in figure 8(b). The Fused SEPIC converters produces an 

output of 590V and 5A. The output power obtained by the Fused SEPIC 

converter is 2950W, shown in figure 8(c). The energy stored in battery is 

580V, 12A and 6960W. 

 
Figure 8: (a) Solar Power of Fused SEPIC Converter 
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Figure 8: (b) Wind Power of Fused SEPICConverter 

 

 
Figure 8: (c) DC Output Power of Fused SEPICConverter 

 
3.4 Fused Luo Converter 

 

Fused Luo converter is the integration of two Luo converters. Here, the 

output produced by the solar system is 675V, 8A, 5400W. The wind system 

generates an output of 275V, 17A, 4675W. Figures 9(a) and 9(b) shows the 

waveforms of solar and wind power connected to Fused Luo converter. The 

Fused Luo converters produces an output of 590V, 6A and 3540W. The 

output power of Fused Luo converter is shown in figure 9(c). The energy 

stored in battery is 580V, 10A and 5800W. 
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Figure 9: (a) Solar Power of Fused Luo Converter 

 

 
Figure 9: (b) Wind Power of Fused Luo Converter 

 

 
Figure 9: (c) DC Output Power of Fused Luo Converter 

 

The performance analysis of various topologies of DC/DC converters are 

shown in table 2. The input power is obtained by the summation of solar and 

wind power, whereas the output power is the summation of DC output power 

and battery power. The input power, output power and efficiency are 

calculated using equations (6), (7) and (8). 
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Input Power = Solar Power + Wind Power           (6) 

Output Power = DC Output Power + Battery Power          (7) 

Efficiency = (Output Power / Input Power)*100           (8) 
 

Table 2: Performance Analysis of DC/DC Converters 

 

S. 

No. 

Parameters SEPIC 

Converter 

Luo 

Converter 

Fused SEPIC 

Converter 

Fused Luo 

Converter 

1 Solar Voltage 600V 700V 450V 675V 

2 Solar Current 15A 8A 16A 8A 

3 Solar Power 9000W 5600W 7200W 5400W 

 

4 Wind Voltage  100V 275V 150V 275V 

5 Wind Current 25A 18A 26A 17A 

6 Wind Power 2500W 4950W 3900W 4675W 

 

7 DC Output 

Power 

2950W 3540W 2950W 3540W 

8 Battery 

Power 

6960W 5800W 6960W 5800W 

9 Input Power  11500W 10550W 11100W 10075W 

 

10 Output Power 9910W 9340W 9910W 9340W 

11 Efficiency 86.17% 88.53% 89.28% 92.7% 

 
 

The efficiency obtained by SEPIC converter is 86.17%, Luo converter is 

88.53%, Fused SEPIC converter is 89.28% and Fused Luo converter is 

92.7%. The efficiencies of various DC/DC converters are compared as 

shown in figure 10. It is found that Fused Luo converter gives higher 

efficiency of 92.7% compared to other converters. Hence it is well suited for 

solar/wind hybrid system to produce uninterrupted supply. The DC voltage is 

converted to AC voltage by means of an inverter. An AC output of 230V, 

20A is obtained, which can be used for household applications. 
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Figure 10: Efficiency Comparison Curve of DC/DC Converters 

 

4 Conclusion 
 

The performance analysis of various topologies of DC/DC converters 

like SEPIC, Luo, Fused SEPIC and Fused Luo converters are proposed for 

solar/wind hybrid system. Fused SEPIC and Fused Luo topologies provides 

continuous power generation to satisfy the consumer demand based on the 

availability of resources. Moreover, the additional input filters are not 

required to remove the high level harmonics. The fused topologies reduces 

the count of components and improves the efficiency of the power system. 

Simulation analysis has been done by using MATLAB software. Simulation 

results shows the performances of various DC/DC converter topologies for 

solar/wind hybrid system. The efficiencies obtained by SEPIC, Luo, Fused 

SEPIC and Fused Luo converters are 86.17%, 88.53%, 89.28% and 92.7% 

respectively. It is proved that Fused Luo converter is more efficient for 

power generation in solar/wind hybrid system. The proposed system can be 

applied for power generation in remote areas, electric vehicles and rural 

electrification. 
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