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Abstract 
 
The current work proposes a high gain DC-DC converter configuration 
derived from non-isolated SEPIC converter for Polymer Electrolyte 

Membrane (PEM) fuel cell application. The objective of the converter 

configuration in this proposed work is to derive a constant voltage of 220 

Vdc from the PEM fuel cell stack which finds potential application in 
renewable DC Microgrids. The proposed converter is simulated for a load of 

250 W. The converter configuration described in this work yields a 

maximum efficiency of 90.75%. Also, the proposed converter configuration 
is designed to reduce the inductor inrush current thereby the voltage drop. 

The performance of this high gain converter configuration for the DC 

regulation is evaluated under diverse load condition. 
 

Key words: DC Microgrid, Fuel Cell, High Gain DC-DC Converters, 

Modified SEPIC converter, load condition. 

 

1 Introduction 
 

Now-a- days the DC Microgrid based power generation system is 
gaining more attention due to the accessibility of green energy sources such 

as solar photovoltaic and fuel cell [1-2]. The main advantage of using 

renewable energy sources in DC micro-grid is due to its clean operating 

characteristics, scalability, high efficiency and ease of integration [2]. 
According to the ETSI, EPRI & Emerge Alliance and IEC SG4 standard, DC 

micro-grid voltage is maintained either at 220 Vdc or 380 Vdc. 
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PEM fuel cell is a promising DC power system similar to Solar and its 

advantage includes low operating temperature (~90ºC) and high power 

density and subsequently used in electrical vehicles, uninterruptible power 
supply, etc [3– 8]. In the proposed work, a 48 cell fuel stack is considered 

and hence the output voltage ranges from 48 V under no load (OCP) and 

reaches a maximum of ~24 V in full load condition. To increase the fuel cell 
stack output voltage into DC-micro-grid compactible voltage of 220 Vdc, 

step up DC-DC power converter is required. 

In general, usage of traditional boost converter an extensive duty ratio is 
needed to get a high voltage gain. By considering high switching losses in  

power switches and in diodes limits the efficiency of the power converters 

and also an extension in the duty ratio [9-11]. Hence, a converter with an 

adequate duty ratio is mandatory to increase efficiency and voltage gain. 
Isolated power converters like forward converters, flyback converters, half-

bridge and full-bridge power converters and push–pull configuration type 

converters perhaps accustomed to change an intermittent voltage into high 
output voltage by fine-tuning the ON –OFF time of the power converter. 

Nevertheless, the power switches of those converters can undergo excessive 

stress with an increasing potential hassle and large energy dissipation owed 

to the presence of transformer leakage inductance [12,13]. In order to scale 
down the potential spike, snubber circuit is designed to restrict the potential 

stress of the power switch. Non dissipative snubber and active clamp 

approaches are adopted to regain leakage inductor power and to overwhelm 
the increase in potential across the switch [14–16]. Still, the value of the 

converter is going to be inflated because of the added active switch and 

power driver circuits. Coupled Inductor based step up boost converters 
without isolation transformer has been proposed in [17] to increase the 

conversion efficiency and to extend the potential gain of the converter. 

Coupled Inductor with less ripple current in input side based converter circuit 

is proposed in [17]. Yet, there arise a difficulty in manufacturing and 
increase in cost due to the need of a coupled inductor that has high coupling 

coefficient. Capacitor based voltage multiplier cells provide high step-up 

gain. Voltage gain of the power converter can be increased by adding the 
voltage multiplier stages of the capacitors. 

The objective of the paper is to present a novel converter configuration 

for Polymer Electrolyte Membrane fuel cell application to overcome the 
drawbacks available in the literature. The proposed converter configuration 

with renewable energy source like fuel cell/solar cell is suitable for DC 

Microgrid applications by incorporating proper controlling strategies. 

The organization of the paper is as follows – Section 2 explains about the 
proposed converter structure and its controller strategy. The simulation of the 

proposed converter and its performance analysis are discussed in section 3 

and conclusion in section 4. 
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2 Proposed Converter Structure 

 

Figure 1 depicts the overall functional block diagram of proposed 
system. This system intends to maintain a constant DC voltage from the fuel 

cell stack. The resistive load is considered for simulation. The variable 

voltage from the stack is converted to fixed output voltage by using high gain 
step up dc-dc converter. The gating signal for the switch is given from the 

controller unit by comparing the reference voltage (Vref) with the actual 

voltage (Vact). According to the controlling strategy incorporated, a constant 
voltage is obtained at the output of the converter. 

 
Figure 1: Block Diagram of Proposed System Structure 

 

2.1 Proposed High Gain Converter Configuration 
 

The proposed converter framework is presented in Figure 2, with 
changes made on the SEPIC converter to boost the voltage gain and to scale 

down the starting current in an inductor. The voltage and current waveforms 

across various circuit elements are presented in Figure 3. The proposed 

converter comprises of a switch, two inductors denoted as L1 and L2, two 
diodes mentioned as D0 and DM and three capacitors denoted as C1, C2 and 

CS. The output voltage across the load is the sum of the voltages of capacitor 

C1and C2. Once the switch is in ON state, the inductor L1 charges and the 
diode Dm and D0 become reverse biased. The capacitor C1 and C2 delivers 

current to the load. Once the switch is in OFF state condition, the inductor 

current discharged through capacitor C2 through Dm. Similarly, the inductor 
L2 get discharged through the capacitor Cs and also to charge the capacitor 

C1 though Do. The equation to calculate the inductance and capacitance was 

derived for the proposed converter using the conventional design. By 

assuming the converter to operate in continuous conduction mode, duty cycle 
(D) is represented by equation (1). 
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D=((V_out-V_in ))/((V_out+V_in ) )                                        (1) 

The capacitor C2 voltage VC2 is calculated by equation (2) 

V_c1/V_in = (1/((1-D) ))                                                        (2) 
Diodes D0 and DM conduct once the switch is in off state, and the 

corresponding voltage is represented in equation(3). 

V_out=V_(c1 )+ V_c2                                       (3) 
By using Volt-Sec and Current-Sec balancing, the voltage across the 

capacitor Vcs and C1 capacitor voltage is calculated by using equation (4). 

V_cs=V_c1=V_in (D/((1-D) ))                                  (4) 
 

 
Figure 2: Proposed Novel High Gain Converter Configuration 

 

 
Figure 3: Voltage and current waveforms of Proposed Converter 
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2.2 Controller Design 
 

The requirements of power conditioning unit i.e. power electronic 

interfacing circuit is a prerequisite in Fuel Cell based systems to condition its 

output dc voltage and PID controller to monitor flow rate of air to achieve 
preferred output range. The fuel cell output voltage depends on current 

density, cell temperature, membrane humidity, and partial pressure of 

reactants. The output voltage of the proposed converter is changed due to 
variation in input voltage from the fuel cell. The change in output voltage 

from the converter is not suitable for constant power load. To achieve 

constant output voltage from the converter closed loop control structure is 

required. The traditional Proportional Integral (PI) controller performs the 
closed loop control and is illustrated in Figure 4. The measured value of 

output voltage (Vact) and the reference voltage (Vref) gives the error in 

voltage. The error value is fed into the PI controller to generate the control 
signal based on the Kp and Ki values. The value of Kp and Ki for the 

designed controller is tuned by employing Zeigler-Nichols method. The 

calculated value of Kp and Ki for the proposed converter is 0.001 and 0.0796 
respectively. 

 
Figure 4: PI Controller Structure 

  

3 Simulation Results and Discussions 
 

The designed converter is simulated in Simulink environment to validate 

its performance. The design considerations for the proposed converter is 

obtained by considering the following ratings shown in Table 1 & 2. The 

Simulink model of proposed converter configuration is depicted in Figure 5.  
A High Gain DC-DC Converter Fed from Fuel Cell for DC Microgrid 

Application 7 

 
 



                                                                                                                  
 

 

 
 

 

 
4768 K.Jayanthi et.al 

 
Table 1: Proposed High gain Converter Specification 

Parameters Values 

Output voltage 220 V 

Output power 500 W 

Switching frequency 24 kHz 

Duty Cycle 0.82 

L1,L2 102µH 

C1,C2 50µF 

Cs 3.37µF 

RL 242 Ω 

 
Table 2: PEMFC Specification 

Parameters Values 

V0 Nernst Voltage 

(single cell) 
1.1342V 

Fuel Cell Resistance 0.66404  Ω 

Temperature 338 K 

 

 
Figure 5: MALAB Simulink Model of Proposed High gain Converter 

 

The output waveform of the proposed converter is presented in Figure 6. 

The output voltage waveform under varying load condition is shown in 

Figure 7. In this, the load power is varied from 215 W to 400W at time 
t=1sec. The output power settles to 400 W within 0.1sec. There exists a small 

transient in output voltage waveform to settle due to change in load power. 

Again at t=1.5sec, the load power is changed from 400W to 215W. The 
output voltage retains its constant value of 220V at t=1.501sec. 
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Figure 6: Simulated Output Voltage Waveform of Proposed Converter 

 

 
Figure 7: Effect of change in Load power of proposed converter 

 

Table 3 clearly describes the performance of the converter for the 

different loading conditions. From the Table 3, it is clear that under change in 

input voltage, the output voltage of the converter is kept constant for 
different loading conditions. The efficiency of the proposed converter is 

around 90% for different load powers. 
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Table 3: Load Regulation of proposed Converter for different power ratings 

Input 

Voltage 

(V) 

Input 

Current 

(A) 

Input 

Power 

(W) 

Output 

Voltage 

(V) 

Output 

Current 

(A) 

Output 

Power 

(W) 

Efficiency 

(%) 

32.57 3.532 115 220 0.4545 100 86.95 

32.03 4.409 141.2 220 0.5682 125 88.51 

30.94 7.126 220.5 220 0.9091 200 90.72 

30.42 90.11 277.2 220 1.1364 250 90.21 

29.92 11.21 335.6 220 1.3636 300 89.42 

29.03 15.76 457.8 220 1.8182 400 87.35 

28.21 20.93 590.4 220 2.2727 500 85.07 

  

4 Conclusion 
 

In the proposed work, high gain converter configuration is designed from 

the modified SEPIC technique. The proposed non-isolated modified SEPIC 
high gain dc-dc configuration maintains the constant dc output voltage of 220 

Vdc irrespective of the change in input voltage from the fuel cell Stack. The 

controlling strategy employed using PI controller maintains stable output 
voltage. In addition, the inrush current of inductor is also reduced. The 

proposed configuration will be a potential candidate for DC micro grid 

applications. 
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