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Abstract: This paper deals with the modeling and simulation 
of suitable DC-DC converters for Fuel cell system. In the field of 
renewable energies, power electronics and fuel cell technologies 
play an important role. As the fuel cells become the main power 
source for portable applications, demand for fuel cells will 
increase. A highly efficient converter is an essential requirement 
in this application and a core parameter of the device as a whole. 
Therefore, a high efficient converter has to be designed for fuel 
cell system as the output voltage of fuel cell is low. In this paper, 
various DC-DC converters such as Boost converter, SEPIC, LUO 
converter and ZETA converter with fuel cell as an input source 
are designed and the same is simulated using MATLAB. Total 
Harmonic Distortion analysis of all the DC-DC converters is 
carried out and the suitable converter for fuel cell application is 
selected based on the low Total Harmonic Distortion value. 

Keywords: Fuel cell, Boost converter, SEPIC, LUO converter, 
ZETA converter, Total Harmonic Distortion 

I. INTRODUCTION 

Compared with traditional fossil-fuel systems, renewable 
energy systems deliver environmental and economic 
advantages in energy production. Fuel cells are the most 
common among all forms of green energy applications since 
they can provide a continuous supply of power throughout 
all seasons as long as fuel is supplied. Certain types of green 
energy such as solar or wind energy, by contrast, depend on 
the weather [1], [2]. At present the fuel cell (FC) stimulates so 
much new interest at the industrial level as at the research 
level. Industrialists from various sectors (electronics, cell 
phones, automobiles, power generation, heating, etc.,) are 
investing in the production of this high-density technology 
with low harmful gas emissions [3], [4]. Fuel Cells are 
electrochemical devices which directly convert the fuel's 
chemical energy to electricity. There are various types of 
FCs, distinguished by their electrolytes. The polymer 
electrolyte membrane FC (PEMFC) is one of the most 
promising to be used for stationary or transported 
applications due to its relatively small size, simple design, 
lightweight, and low operating temperature [5], [6]. 
Membranes FCs are composed of two compartments of 
electrodes separated by a polymer electrolyte membrane to 
prevent the movement of gas and electrons. The two 
electrodes are placed on the side of the membrane, creating 
the individual cell's membrane – electrode assembly (MEA).  
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Protons formed by hydrogen oxidation migrate through 
the membrane, which most often exhibits a high affinity to 
water, to the cathode with water, and participate in the 
reduction of oxygen into water. The difference of the 
available voltage with the supplied current  
Density can be defined by the FCs. Typical cell voltage at 
0.4–0.8 A/cm2 is in the order of 0.6 V. Higher voltages can 
be achieved in FC systems by connecting a number of 
individual Cells in series that form a FC stack. Nonetheless, 
the renewable energy supplied by fuel cells has a 
characteristic of low- voltage performance, and hence a high-
step DC-DC converter is needed for any future practical 
applications. 

II. DC-DC CONVERTERS 

There are different types of power electronic converters 
that are often used in electrical power system applications 
such as regulated power supply, DC power supply and so 
on. The converters of power electronics can be categorized as 
AC to DC converters, DC to AC converters, AC to AC 
converters, DC to DC converters, and so on. 

A DC-DC converter is a power electronic device that 
accepts a voltage from DC input and also provides a DC 
output voltage. DC to DC converter output voltage may be 
higher than the input voltage, or vice versa. The output 
voltages of the converter are used to match the power supply 
required for the loads. A switch in the basic DC to DC 
converter circuit can be used to control the connection and 
disconnection of the power supply to the load. DC to DC 
converter circuits consist of a transistor or diode switch, 
energy storage devices such as inductors or capacitors and 
these converters are typically used as linear voltage 
regulators or switched mode voltage regulators. DC to DC 
converters also provide DC regulated power supply and 
constant DC power supply to the load. 

The DC-DC converters are used for power conditioning 
purposes in fuel cell systems. The DC-DC converters 
mentioned in this paper are used not only in fuel cell 
systems but in everyday applications as well. This paper 
describes the four DC-DC converters namely: 

• Boost converter 
• SEPIC  
• LUO converter 
• ZETA converter 
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A. Boost Converter 

A Boost converter is a DC to DC converter in which the 
output voltage is higher than the voltage reference. It is 
referred to as a step-up converter. Boost converter's main 
operating theory is that the inductor in the input circuit resists 
sudden changes in input current. The inductor stores energy 
in the form of magnetic energy when switch is on, and 
discharges it when switch is closed.  

The capacitor in the output circuit is assumed to be large 
enough that the RC circuit time constant is high in the 
output level [7]. The general configuration of boost 
converter is shown in Fig. 1. 

 

Fig. 1. Circuit diagram of Boost Converter 

MODE 1: When the switch is ON 

The diode will be open circuited as the n side of the diode 
is at higher voltage compared to the p side. The inductor 
charges and the inductor current increases during this state. 

MODE 2: When the switch is OFF 

The switch is made to open and the diode will be short- 
circuited during the OFF time, making it the only way for 
inductor current to flow through the' D' fly-back diode and 
the parallel capacitor and load combination. This allows the 
capacitor to transfer the energy it acquired during the ON 
phase. 

Design Calculation 

The design equations for boost converter are given in 
equations (1), (2) and (3) and the parameters are tabulated in 
Table-I. 

1. Calculation of Duty Cycle:  D = 1 −
Vin

Vo
                 (1) 

2. Value of Inductor              :  L =
VinD

fs∆I
                      (2) 

3. Value of Capacitor            : C =
IoD

fs∆V
                       (3) 

Where Vin -  Input Voltage 
            Vo – Output Voltage 
             fs – Switching frequency 
            ∆I – Inductor ripple current 
            ∆V – Capacitor ripple voltage 
             R – Load resistance  

Table- I: Design parameters of Boost Converter 

PARAMETERS VALUE 

Input Voltage 12 V 

Output Voltage 48 V 

Duty Cycle 75% 

Switching frequency 50 KHz 

Inductor 312.5 µH 

Capacitor 15 µF 

Resistive load 100 Ω 

B. SEPIC 

Single-Ended Primary-Inductor Converter (SEPIC) is one 
of the types of DC-DC converter which is similar to a buck- 
boost converter. The output voltage of SEPIC can be 
greater, lesser or equal to that of it input supply voltage [8]. 
The advantage of SEPIC over buck-boost converter is that 
the output voltage of SEPIC has the same polarity as that of 
its input voltage (non-inverted output). The general 
configuration of SEPIC is shown in Fig. 2. 

 

Fig. 2. Circuit diagram of SEPIC 

MODE 1: When the switch is ON 

When the switch is turned ON, the inductor L1 is charged 
by the supply voltage and the inductor L2 is charged by the 
capacitor C1. The diode is reverse biased and hence the 
output is maintained by the capacitor C2. 

MODE 2: When the switch is OFF 

When the switch is turned OFF, the diode will be forward 
biased and the inductors output through the diode to the load 
and the capacitors C1 and C2 are charged. 

Design Calculation 

The design equations for SEPIC are given in equations 
(4), 
(5) and (6) and the parameters are tabulated in Table-II. 

 

1. Calculation of Duty Cycle : D =
Vin

Vo+Vin
                 (4) 

2. Value of Inductor     : L1 =
VinD

fs∆I
  ; L2 =

Vin(1−D)

fs∆I
   (5) 

3. Value of Capacitor   : C1 =
IoD

fs∆V
  ; C2 =

IoD

fs∆V
          (6) 

Where Vin -  Input Voltage 
                Vo – Output Voltage 
                 fs – Switching frequency 
                ∆I – Inductor ripple current 
               ∆V – Capacitor ripple voltage 
                 R – Load resistance  
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Table-II: Design parameters of SEPIC 

PARAMETERS VALUE 

Input Voltage 12 V 

Output Voltage 48 V 

Duty Cycle 80% 

Switching frequency 50 KHz 

Inductor       1.33 mH 

Capacitor C1 384 µF 

Capacitor C2 768 µF 

Resistive load 100 Ω 

C. LUO Converter 

LUO converters are a series of new DC-DC step-up 
(boost) conversion circuits. Luo-Converters possess 
interesting features such as simple circuit structure, high 
efficiency and near- zero output voltage and current ripples. 
The distinction between Luo and other traditional DC-DC 
converters is that the voltage is improved with the Luo 
converters in a geometric progression [9]. The general 
configuration of LUO converter is shown in Fig. 3. 

 

 

Fig. 3. Circuit diagram of LUO Converter 

MODE 1: When the switch is ON 

This converter works in continuous conduction mode, and 
the output terminal voltage is positive. The input voltage is 
transmitted directly to the inductor L and capacitor C1, both 
of which are charged when the switch is in ON state. The 
load is supplied by the capacitor C2 and the current through 
the inductor rises. The diode D1 is used for freewheeling 
purpose. 

MODE 2: When the switch is OFF 

When the switch is turned off, the inductor current 
decreases and the capacitor C2 gets charged. The diode D2 
is used for freewheeling purpose. 

Design Calculation 

The design equations for LUO converter are given in 
equations (7), (8) and (9) and the parameters are tabulated in 
the Table-III. 

1. Calculation of Duty Cycle:  D =
Vo−2Vin

Vo−Vin
                 

(7) 

2. Value of Inductor: L =
VinD

fs∆I
                                     (8) 

3. Value of Capacitor:  C1 = C2 =
VoD

fsR∆V
                      

(9) 

Where Vin -  Input Voltage 
                Vo – Output Voltage 
                 fs – Switching frequency 
                ∆I – Inductor ripple current 
               ∆V – Capacitor ripple voltage 
                 R – Load resistance  

Table-III: Design parameters of LUO Converter 
PARAMETERS VALUE 

Input Voltage 12 V 

Output Voltage 48 V 

Duty Cycle 66.67% 

Switching frequency 50 KHz 

Inductor 3.335 mH 

Capacitor (C1=C2) 133.4 µF 

Resistive load 100 Ω 

D. ZETA Converter 

A ZETA converter is a fourth order Nonlinear system 
being that, with regard to energy input, it can be seen as 
buck- boost-buck converter and with regard to the output, it 
can be seen as boost-buck-boost converter. The general 
configuration of ZETA converter is shown in Fig. 4. 

 

Fig. 4. Circuit diagram of ZETA Converter 

MODE 1: When the switch is ON 

The first mode is obtained when the switch is ON (closed) 
and instantaneously, the diode D is OFF. During this period, 
the current through the inductor L1 and L2 are drawn from 
the voltage source Vin. This mode is the charging mode. 

MODE 2: When the switch is OFF 

The second mode of operation starts when the switch is 
OFF and the diode D is ON position. This stage or mode of 
operation is known as the discharging mode since all the 
energy stored in L2 is now transferred to the load R. 

Design Calculation 

The design equations for ZETA converter are given in 
equations (10), (11) and (12) and the parameters are 
tabulated in the Table-IV. 

1. Calculation of Duty Cycle: D =
Vo

Vo+Vin
                  

(10) 

2. Value of Inductor: L =
VinD

fs∆I
                                   (11) 

3. Value of Capacitor: C1 =
VoD

fsR∆V
 ; C2 =

Vo(1−D)

8fs∆V
      (12) 
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Table-IV: Design parameters of ZETA Converter 
    

PARAMETERS VALUE 

Input Voltage 12 V 

Output Voltage 48 V 

Duty cycle 80% 

Switching frequency 50 KHz 

Inductor (L1=L2) 0.16 mH 

Capacitor (C1) 16 µF 

Capacitor (C2) 312.5 mF 

Resistive load 100 Ω 

III. SIMULATION OF CONVERTERS WITH FUEL 

CELL 

The Simulink model of DC-DC converters like Boost 
converter, SEPIC, LUO converter and ZETA converter with 
Fuel cell input are shown below. 

A. Fuel Cell Model 

The Simulink block of fuel cell which is designed for 12 
V is shown in Fig. 5. 

 

 

Fig. 5. Fuel cell simulation model 

B. Simulation of Boost Converter 

The Matlab Simulink model of Boost converter is shown 
in Fig. 6. 

 

Fig. 6. Simulation model of Boost converter with Fuel 
cell 

The output voltage and THD waveforms of Boost converter 
are shown in Fig. 7 and Fig. 8 respectively. 
 

 

Fig. 7. Waveform of Boost converter’s output voltage 

 

Fig. 8. Voltage THD analysis waveform of Boost 
converter 

C. Simulation of SEPIC  

The Matlab Simulink model of SEPIC is shown in Fig. 9.  

 

Fig. 9. Simulation model of SEPIC with Fuel cell 

The output voltage and THD waveforms of SEPIC are 
shown in Fig. 10 and Fig. 11 respectively. 
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Fig. 10. Waveform of SEPIC’s output voltage 

 

Fig. 11. Voltage THD analysis waveform of SEPIC 

D. Simulation of LUO Converter 

The Matlab Simulink model of LUO Converter is shown 
in Fig. 12. 

 

Fig. 12. Simulation model of LUO converter with Fuel 
cell 

The output voltage and THD waveforms of LUO 
converter are shown in Fig. 13 and Fig. 14 respectively. 

 

Fig. 13. Waveform of LUO converter’s output voltage 

 

Fig. 14. Voltage THD analysis waveform of LUO 
converter 

E. Simulation of ZETA Converter 

The Matlab Simulink model of ZETA Converter is shown 
in Fig. 15. 

 

Fig. 15. Simulation model of ZETA converter with Fuel 
cell 

The output voltage and THD waveforms of ZETA 
converter are shown in Fig. 16 and Fig.17 respectively. 

 

Fig. 16. Waveform of Zeta converter’s output voltage 
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Fig. 17. Voltage THD analysis waveform of ZETA 
converter 

IV. RESULTS AND DISCUSSION 

The THD analysis of Boost converter, SEPIC, LUO 
converter and ZETA converter with fuel cell as an input 
source is carried out using MATLAB and the values are 
listed in the Table-V. 

Table-V: THD analysis of converters 

CONVERTER THD VALUE 

Boost converter 80.22 % 

SEPIC 65.38 % 

LUO converter 53.83 % 

ZETA converter 31.22% 

 
From the Table-V, it can be inferred that the THD value 

of ZETA converter is less than Boost, SEPIC and LUO 
converters. Low THD value of ZETA converter implies that 
the efficiency of the converter will be improved than the 
other converters. 

V. CONCLUSION 

The design and simulation of various converters such as 
boost converter, SEPIC, LUO converter and ZETA 
converter with fuel cell as an input source are carried out 
using MATLAB simulink. The design parameters of each 
converter are tabulated and the simulated output voltage 
waveforms are shown. In addition to this THD analysis of 
each converter is performed. It is concluded that ZETA 
converter exhibits better performance than Boost converter, 
SEPIC and LUO converter with respect to THD. ZETA 
converter performance can still be increased by adding 
suitable filters. 
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