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Abstract- Fuel cells are considered to be one of the most promising sources of distributed energy because of their high 
efficiency, low environmental impact and scalability. Unfortunately, multiple complications exist in fuel cell operation. Fuel 
cells cannot accept current in the reverse direction, do not perform well with ripple current, have a low output voltage that 
varies with age and current, respond sluggishly to step changes in load and are limited in overload capabilities. For these 
reasons, power converters are often necessary to boost and regulate the voltage as a means to provide a stiff applicable DC 
power source. This paper focuses on three converters such as Voltage source inverter (VSI), VSI with boost converter and Z 
Source Inverter (ZSI) are analyzed for a low-cost, efficient, and reliable inverter for micro grids of fuel cell. For the purpose 
of comparison the converters are simulated for the same input Fuel cell voltage, switching frequency and modulation index. 
These simulation results have been developed for fuel cell based micro grid because of wide output voltage range of fuel 
cell. 
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I. INTRODUCTION 
 
Fuel cells are environmentally sound renewable 
energy sources that are capable of operating at 
efficiencies greater than traditional energy production 
methods. Moreover, the scalability of fuel cells has 
allowed for applications in almost every field, 
including distributed generation. However, some 
inherent obstacles exist in the application of fuel 
cells. Low output voltage that varies with age and 
current, reduced efficiency with output ripple current, 
slow response to a load step response, no overload 
capability and no acceptance of reverse current 
provide many technical challenges that must be 
overcome by power conditioning systems. Micro grid 
is an individual power system serving one or more 
customers from the bulk power system. Examples of 
some possible micro-grid applications include single 
customer sites, residential housing developments, 
college campuses, commercial/industrial office parks, 
and city-scale Micro-grids serving thousands of 
customers. Micro grids may offer the potential for 
lower total cost, greater efficiency, increased 
reliability, and increased security. The micro grids are 
also employed fuel cell and other renewable energy 
sources.  Now a day the potential use of micro grids 
is tied to strong because of power electronic devices 
revolution and used for better controlling and power 
conditioning by using inverters [1 - 5]. In general the 
micro grids are classified as AC or DC micro grids. If 
the renewable voltage sources like solar, fuel cells 
etc. are using in that case definitely we have to use an 
inverter, to converter DC – AC. If Voltage Source 
inverter in Fig. 1, is used for this applications, an 
additional DC – DC boost converter called DC/DC 
Boost Voltage Source Inverter in Fig.2 will be 
required, which causes reduced efficiency and high 
cost of overall system. Recently proposed Z– source  
 

 
inverter in Fig. 3, is suited for many applications. The 
main advantages are 1) It either boosts or buck input 
voltage based on the modulation index, does not 
require an additional converter 2) It provides ride 
through capability against sags &swells 3) It 
improves the overall system efficiency and power 
factor [6]. The fuel cell voltage to the inverter 
decreases with an increase in power drawn from the 
fuel cell. Therefore, the obtainable output voltage of 
the traditional PWM inverter is low at high power for 
this application, so an oversized inverter must be used 
to meet the requirement of high-power operation. The 
dc/dc–boosted PWM inverter does not have this 
problem; however, the extra dc/dc stage increases the 
complexity of the circuit and the cost and reduces the 
system efficiency. To demonstrate the superiority of 
the Z-source inverter for AC micro grids, a 
comprehensive comparison of the three inverters was 
analyzed. 
 

 
Fig. 1. Voltage Source Inverter 
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II. FUEL CELL 
 
In 1839, William Grove discovered that by 
combining oxygen and hydrogen in a particular 
configuration, electricity could be generated. 
Although this discovery was made more than 160 
years ago, the basic operating principle discovered 
still applies. Hydrogen is applied to the anode where 
a catalyst separates the hydrogen into electrons and 
positive hydrogen ions. A membrane separating the 
anode and cathode allows the positive hydrogen ions 
to permeate through while rejecting the electrons. 
This forces the electrons to take the provided 
electrical path, or circuit, to the cathode. Once the 
electrons reach the cathode, they recombine with the 
oxygen and hydrogen ions to form water. The 
following basic reactions demonstrate the process: 
 
Anode side: 2H2  → 4H+ + 4e- 
Cathode side: O2 + 4H+ + 4e- + 2H2O 
Net reaction: 2H2 + O2 → 2H2O 
 
When pure hydrogen is used as the fuel, only 
electricity and water are generated from the fuel cell. 
This attributes the fuel cell as an environmentally 
friendly source of energy. To obtain pure hydrogen, a 
fuel processor or reformer is often implemented. A 
reformer uses fuels such as natural gas, coal and 
biomass to generate hydrogen. The construction of an 
actual fuel cell for power generation is composed of 
several components. The fundamental components 
are rectangular or cylindrical tubes that contain the 
anode, cathode and membrane and perform the 
generation and recombination of electrons. To create 
a fuel cell stack, these tubes are bundled together in 
series and parallel combinations to produce units 
between a few kilowatts to a hundred kilowatts. For 
utility applications where large-scale power is 
required, the fuel cell stacks can be amassed into 
tiers. These tiers can be assembled into sub-megawatt 
to megawatt generator assemblies. Fuel cells can 
further be classified based on operating temperature.  
 

 
Fig. 2. Voltage Source Inverter with Boost Converter 

III. Z – SOURCE INVERTER 
 
A Z-source inverter, as shown in Fig.3., is a new 
topology that uses a half-bridge inverter with an 
impedance input. This unique impedance input 
consists of two small inductors and capacitors 
interconnected in the fashion of an X. These 
capacitors and inductors through careful control of 
the switches provide the capability to boost the 
voltage of the inverter through temporary energy 
storage techniques. In principle, the amplitude of the 
output voltage in the Z-source inverter could even 
reach infinity. This is an extremely attractive quality 
particularly for fuel cell power conditioning, 
considering that fuel cell modules have a low output 
voltage. Another benefit of this converter is that an 
additional DC/DC converter is no longer needed, 
saving in component cost and complexity. 
Notwithstanding the disadvantages of this converter 
include high current stress on DC link power devices, 
high voltage rating of the capacitors in Z-network and 
a pulsating DC current in the DC source. 
 

 
Fig. 3 Z – Source Inverter 

 
Therefore, the DC source can be a battery, diode 
rectifier, thyristor converter, fuel cell, PV cell, an 
inductor, a capacitor, or a combination of those. 
Switches used in the converter can be a combination 
of switching devices and anti-parallel diode as shown 
in Fig. 3.The output peak phase voltage from the Z – 
Source inverter is given below. 
 

 
Fig. 4. MAT Lab / SIMULINK Modelling Block of SOFC 
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Fig. 5. V – I Characteristics of SOFC 

 
The output voltage can be stepped up and down by 
choosing an appropriate buck - boost factor B*  
 
B*= B.M (it varies from 0 to a) 
The capacitor voltage can be expressed as 
Vc1= Vc2Vc(1-T0/T)(3) 
 
The boost factor B is determined by the modulation 
index M. The boost factor B can be controlled by 
shoot-through zero state does not affect PWM control 
of the inverter. Because, it equivalently produces the 
same zero voltage to the load terminal, the available 
shoot- through period is limited by the modulation 
index. There are many PWM techniques for ZSI but 
among all the PWM techniques constant boost 
control [8] technique having more advantages. 
 
Constant Boost Control (CBC)  
In this technique third harmonic is injected into the 
reference sin waves as shown in Fig.6. Theinjected 
third harmonic having a magnitude of 16%of 
fundamental and the two straight lines V willcontrol 
the shoot through duty ratio. Thecorresponding 
generated pulses are shown in Fig. 7.From [9], the 
shoot through duty ratio is defined as  
Do = 1 – M/2                                           (4) 
 
Because of third harmonic injection the range of 
modulation index is increased to √3 . The 
boostfactor and Voltage Gain can be calculated as 
 
Input ripple current 
For optimum performance, fuel cells prefer a pure 
DC load. Any disturbance on the DC output of the 
fuel cell can have a significant impact on the 
conditions within the fuel cell diffusion layer. 
Unfortunately, the DC–DC boost converter connected 
to the fuel cell can inject ripple onto the fuel cell. 
Some of this ripple current can be absorbed through 
the addition of a capacitor. However, addition of a 
capacitor adds to the cost, size and reliability of the 
converter. Fortunately, a study performed in [8] 
suggests that ripple currents with frequencies above 
400 Hz have minor impact on the fuel cell’s 
operation. A ripple factor of less than 4% for the fuel 
cell’s output current will have negligible impact on 
the conditions within the fuel cell diffusion layer and 

thus will not severely impact the fuel cell stack 
lifetime. 
 
Secondary energy source 
Considering the fuel cell’s slow response, a 
secondary energy source is often desired to help 
maintain bus voltage during transients and start-up. 
Lead acid batteries and ultra capacitors are suitable 
choices and can be interfaced at the output of the fuel 
cell or at the high-voltage DC link via a bidirectional 
DC–DC converter can be implemented. For some 
applications, this secondary energy source can also be 
applied as an active filter, mitigating load current 
harmonics, thus decreasing the input current ripple. 
 
IV. SIMULATION RESULTS 
 
Simulation results of the three converters given to 
verify the each converter operation. The simulation 
parameters are: Fuel cell Voltage = 420V, Load: three 
phase R - L load of Active power P = 37.3 KW and 
Reactive Power Q = 1 KVAR; the Z – source 
network: L1 = L2 = 1.6 mH, C1 = C = 1300µF; Filter 
is L-C type and the parameters are inductance (L) 
=20mH & capacitance (c) = 2mF; switching 
frequency= 10 KHz. The simulation results with the 
modulation index M = 0.8 is in Fig. 8. The 
corresponding FFT (Fast Fourier Transform) analysis 
is in Fig. 9.  Referring to the FFT analysis, Z – 
Source inverter having the low value of Total 
Harmonic Distortion(THD) compared to the 
remaining converters. Table IV summarizes the all 
Converters and shows that compare to all converters 
Z– Source inverter best suits for AC micro grids. 
 

 
Fig. 6. Constant Boost Control (CBC) 

 

 
Fig. 7. Switching pulses of CBC 
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(a) 

 
(b) 

 
(c) 
Fig. 8. Simulation results of converters with modulation index 
M = 0.8: (a) VSI; (B) VSI with Boost converter; (c) Z – Source  

Inverter; 
 

 
(d) 

 

 
(e) 
 

 
(f) 

Fig. 9. FFT analysis of converters with Modulation index (M)  
= 0.8: (d) VSI; (e) VSI with Boost Converter; (f)  Z – Source 

Inverter; 
 
CONCLUSION 
 
A comprehensive comparison of the three inverter 
systems has been performed. The comparison results 
show that the Z-source inverter reduces the SDPR, 
which leads to cost reduction. Thus the Z-source 
inverter system can minimize stresses and increase 
output power greatly. Along with these promising 
results, the Z-source inverter offers a simplified 
single-stage power conversion topology and higher 
reliability because shoot-through can no longer 
destroy the inverter. The existing two inverter 
systems suffer the shoot-through reliability problem. 
In summary, the Z-source inverter is very promising 
for this application. 
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