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Abstract— This paper presents a power supply to the variable 

demanding load. The DC voltage supply from fuel cell is 

maintained constant by a closed loop boost converter and 

thereby given to isolated loads to provide a stable supply 

during load variations. The aim of the work is to maintain the 

dc bus voltage at constant level 350V. This is achieved by 

closed loop boost converter. Inverter is controlled to maintain 

a constant voltage and frequency across the load. Dynamic 

modeling and simulation study of this system are 

accomplished in MATLAB/Simulink platform. 
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I. INTRODUCTION 

In current world, all are attracted towards alternate sources of 

energy due. Everyone is very keen in exploring uses of fuel 

cell which is proving to be very value as it does not cause any 

of environmental pollution, there will be no mechanical 

vibrations, less losses and also less maintenance these things 

leads to one go with fuel cell.  Nowadays in industries and 

domestic sectors energy demand has been increased but we 

are not able to meet the demands of energy supply. 

Traditional power supplies must be large in scale to provide 

required supply and good efficiency but in fuel cells, required 

amount of power and higher efficiency in any scale and are 

portable in size. There are various types of fuel cell, but in 

this paper Polymer Electrolyte Membrane (PEM) fuel cell is 

used due to its long life and better power density. 

Boost converters are very popular in field of power 

electronics and employed in many of applications. It consists 

of semiconductor devices like diode, transistor and one 

energy storing element, capacitor, inductor or combination of 

both according to the requirement. Sometimes to avoid 

ripples filters are added at converters input stage and output 

stage. Power for boost converter can be taken from any 

suitable DC sources such as batteries, PV cells, and fuel cells. 

Boost converter changes one DC voltage to another DC 

voltage level. Here output voltage of converter will be greater 

than input voltage and it provides stable operation and 

efficiency. At present there are many ways of controlling a 

DC-DC boost converter, here a simple control method is used 

from which constant supply voltage can be given to the load 

side. Inverter controller is realized to ensure stable voltage 

and frequency across the load irrespective of variations 

occurring in the load.  

Papers [1] and [2] describe the modeling of two 

different types of fuel cell. The output of the fuel cell is 

modeled as the function of partial pressure of the gases 

involved and their flow rate. The book [3] gives the details of 

the power converters and their design. In [4], an inverter 

control strategy is proposed for voltage and frequency 

regulation. The standards to be met by a power generating 

system are described in [5]. The design of filters used for 

obtaining sinusoidal AC supply is described in [6]. In this 

work a fuel cell based system is analyzed by realizing 

controllers for both boost converter and inverter for 

regulating the power supplied to consumers. 

The paper is structured as follows: Section II 

describes about the configuration of the proposed system, 

section III briefs about the model of fuel cell used for the 

scheme followed by control strategy of inverter in section IV. 

Finally simulation results and conclusions in section V and 

section VI respectively. 

II. CONFIGURATION OF THE SYSTEM 

 
Fig. 1: Block diagram 

Fig.1. shows the block diagram of the system. The system 

considered in this work consists of fuel cell stack controlled 

using a boost converter for supplying a constant DC voltage 

to the inverter. The output is converted to AC power by an H-

bridge single phase inverter and the output is filtered by an 

LCL filter and then fed to single phase variable load. Inverter 

is controlled to maintain a constant voltage and frequency 

across the load. 

III. MODELING AND CONTROL METHOD 

A. Modeling of Fuel Cell 

In 1838 Christian Freindrich Schonbein a german scientist 

discovered the principle of fuel cell (FC). Welsh scientist and 

Barrister sir William Robert grove demonstrated the first fuel 

cell in the year 1839.Though it was discovered way back in 

1838, the concept was commercially used nearly after 117 

years. NASA used fuel cell developed by UTC in Gemini 

space mission in 1962. In 1980’s US Navy used fuel cell in 

submarines and it was only in 2007 when fuel cell were sold 

as Auxiliary Power Unit (APU) for backup power. 

Fuel cell consists of two electrodes which are in 

contact with electrolyte layer, one fuel with hydrogen (anode) 

and the other fuelled with oxygen (cathode).The oxidant and 

fuel are continuously fed to fuel cell. The electrolyte acting 

like a membrane permits the flow of positive ions from anode 

to cathode while acting as an insulator for electrons. The 

hydrogen fuel electrode produces electron, these electrons 

after decomposition gets stable by moving towards cathode 

which is connected to an external circuit hence by this way 

electricity is generated. A fuel cell system comprises of four 

different subsystems such as cathode for a supply system of 

air flow anode for supply system of hydrogen flow and 

humidification system, cooling system. The required air flow 

is provided by air flow supply system. Required hydrogen 

flow towards the stack anode is provided by hydrogen flow 
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subsystem. The air has to be cooled before it enters the stack 

so a cooling system is used. The moisture added into the air 

flow using a humidifier for hydrating the proton exchange 

membrane for conductivity.  Fast changing load profile will 

cause sudden drop in fuel cell voltage in short span of time. 

This phenomenon is called fuel starvation process which 

limits the life cycle of fuel cell. In fuel starvation process, the 

fuel cell operates at sub-stoichiometric condition. The 

electrochemical reaction between protons and oxygen occurs 

to form water on the stack of cathode side. The stack 

temperature has to be kept at lower temperature, in order to 

achieve this; a coolant must be used to remove the heat and 

later released out by a radiator. The water recovery in the 

exhaust air is performed by water separator and appropriate 

air flow pressure is maintained inside the stack using a back 

pressure valve. 

In this work, the polymer electrolyte membrane fuel 

cell is used. Electricity is generated using hydrogen from the 

fuel cell. The generated power is the function of partial 

pressure (p) and molar flow rate (q) of gases and water [2]. 

The relationship between partial pressure and molar flow is 

as shown in the following equations: 
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Where 
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K = hydrogen valve constant and  

2H
M = molar mass of hydrogen (kg/kmol).  

The rate of hydrogen flow and the FC current (Ifc) 
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Hydrogen partial pressure is given by  
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Where (𝜂act) is activation over voltage and (𝜂ohmic) is 

ohmic over voltage.  

The time constant of hydrogen is given by, 
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Where, R is universal gas constant (kmol/s.atm), T 

is Absolute temperature (K). The fuel cell system output 

voltage is expressed as the sum of Nernst voltage (E). 
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Where constants are B and C, Eo is No load voltage 

(V),   No is Number of series cells and F is Faraday’s constant 

(C/kmol). 

IV. CONTROLLER OF BOOST CONVERTER 

In this section the control strategy for the boost converter to 

maintain stable dc link voltage is presented. In this paper fuel 

cell is connected in parallel with the dc bus using a separate 

dc-dc boost converter. The converter discharges power from 

fuel cell. 

 
Fig. 2: Boost converter controller 

Fig.2. shows the connection of fuel cell with boost 

converter. When the converter acts in boost mode it is given 

by  

(1-D)=VFC/VDC 

Where, 

VFC=Voltage of fuel cell 

VDC=DC link voltage 

The control method had a feedback system. The 

controlling of duty cycle depends on DC link voltage VDC and 

reference voltage VREF. Hence by proper controlling of duty 

cycle the boost mode of converter is performed. The PI 

controller is tuned by auto-tuning method. 

V. INVERTER CONTROL STRATEGY 

 
Fig. 3: Inverter controller 

Fig.3. shows inverter controller. The fundamental component 

of output voltage of the inverter is compared with the 

standard reference of 220 V. The difference is fed to a PI 

controller. After some time delay, the output of the controller 

is added with its output. This keeps updating the ratio of peak 

value of AC output to DC input of the inverter thereby 

controlling the voltage across the load. 

V. SIMULATION RESULTS AND ANALYSIS 

 
Fig. 4: Output of Boost Converter 

Fig.4. shows the output waveform from Boost Converter, 

here it is seen that the output voltage is maintained constant 

at 350V using feedback system in order to provide constant 

power supply.  

Fig.5. shows the response of inverter which provides 

AC output. A constant DC input of 350V is given to inverter 
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then converted to AC output further it is fed into single phase 

variable load. Fig.6. shows the frequency of output voltage 

which remains constant. 

 
Fig. 5: output of inverter. 

Fig.7 shows variable load pattern. Inverter controller 

helps maintaining the voltage across the load even under 

sudden variations. Fig.8. shows the plot of Total Harmonic 

Distortion of output voltage, from the plot we can observe 

that the quality of output voltage from the inverter can be 

analyzed in terms of Total Harmonic Distortion (THD). 

 
Fig. 6: Output Frequency 

Lower the THD lesser the harmonics are present in 

the output; the harmonics are reduced to minimum value 

using voltage and frequency control of inverter. 

 
Fig. 7: Variable load 

As from the fig.8 we can see that the THD is well 

within IEEE standard of 5%.Hence the load is injected with 

smooth voltage with variable current as per the load variation. 

 
Fig. 8: Harmonic spectrum of output voltage 

VI. CONCLUSION 

In this paper, the use of fuel cell, a prominent alternate energy 

source is proposed. A feedback system is used to maintain the 

voltage level across the input of inverter. Controlling DC 

voltage would allow the system to supply DC loads using an 

uncontrolled DC-DC converter.  Inverter controller ensures 

stable frequency and voltage across load as a result lower 

THD is obtained and efficient and satisfactory operation of 

loads is achieved.  
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