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Abstract— As an important direction of future power system, Microgrid could improve power supply reliability and power 
quality making better use of renewable energy. The controlling system is essential to microgrid, which uses regular 
controlling strategies, while it still needs a further development to meet the incoming demands of microgrid. As discussed a 
new step is, use of virtual inductor. This paper uses the fuel cell and solar cell with the virtual inductor technology to control 
the system. Mathematical model of virtual inductor is presented and simulation results when connected to unbalanced load 
are presented. 
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I. INTRODUCTION 
 

Micro grid is cluster of micro-sources, which are 
operated individually, or some times in combination 
to meet the local load where the load requirement is 
very low as 2MW [1]. This type of construction is 
used to improve the power quality and as to reduce 
the unit power cost [2].  

From the basics of power system design we prefer 
nominal  or sometimes equivalent  configuration 
[3] [4]. So we can conclude that loads connected to 
the medium transmission line system consumes 
approximately three times the energy at the power 
plant to generate that electricity. That equates to an 
energy efficiency of about 33%, which is very low. 
The remaining 67% is waste heat lost to the 
atmosphere. Increasing the efficiency of generating 
electricity would help save consumers money, as well 
as benefit the conservation of natural resources and 
decrease emissions associated with fuel combustion. 
One of the very promising technologies that we have 
received increasing attention because of its ability to 
increase overall energy efficiency is fuel cells and PV 
cells. Fuel cell is an electrochemical device that 
converts hydrogen and oxygen into electricity without 
combustion [5].  

From the instructions of the pollution control board 
industries has to cut down their emissions in order to 
make the environment clean [6]. Figure (1) shows a 
conventional generator set, which we use, in our daily 
life, while it takes fuel as coal, water and diesel. Even 
though these fuels sharing good percentage in total 
power generation but those are emitting gases, which 
make the environment pollutant.  
 

Upcoming lines will discuss about the promising 
technologies as we discussed in the previous 
paragraph.   
 
 
 
 
 

 

 
Figure 1: Conventional Generator 

 
Figure 2: Fuel Cell Generator 

 
II. FUEL CELLS 
 

From the basics of the fuel cell, it is clear that 
anode and cathode reactions are necessary with the 
electrolyte to produce electricity [7]. Electrolyte - 
which carries electrically charged particles from one 
electrode to the other, and catalyst - which speeds the 
reactions at the electrodes. 

Hydrogen is the basic fuel, but fuel cells also 
require oxygen. One great appeal of fuel cells is that 
they generate electricity with very little pollution 
much of the hydrogen and oxygen used in generating 
electricity ultimately combine to form water. 

A single fuel cell generates a tiny amount of direct 
current (DC) electricity. In practice, many fuel cells 
are usually assembled into a stack [2] [4]. Cell or 
stack, the principles are the same. The discovery of 
fuel cells dates back to the early 1800s. Interest in 
fuel cells increased in the 1950s - 1960s and also in 
1980s when the industrialized world experienced 
major oil shortages. Around this time, countries were 
also becoming concerned about air pollution and 
looking for clean electricity generation options. 
Today, governments, institutions and commercial 
organizations are developing a range of fuel cells for 
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a number of different industrial and domestic 
applications. 

A. Types of fuel cell 
Table (1) shows the different types of fuel cells 

and their respective anode and cathode reactions 

along with their operating temperature.  Table (2) 
shows the typical applications of different type of fuel 
cells and their main advantages.  

 
Table 1: Operating temperatures and chemical reactions 

 

 
Table 2: Typical Applications 

 
B.  How fuel cell works: 

The purpose of a fuel cell is to produce an 
electrical current that can be directed outside the cell 
to do work, such as powering an electric motor or 
illuminating a light bulb or a city. Because of the way 
electricity behaves, this current returns to the fuel 
cell, completing an electrical circuit. The chemical 
reactions that produce this current are the key to how 
a fuel cell works. 

There are several kinds of fuel cells, and each 
operates a bit differently. But in general terms, 
hydrogen atoms enter a fuel cell at the anode where a 
chemical reaction strips them of their electrons. The 
hydrogen atoms are now “ionized,” and carry a 
positive electrical charge. The negatively charged 
electrons provide the current through wires to do 
work. If alternating current (AC) is needed, the DC 
output of the fuel cell must be routed through a 
conversion device called an inverter. 

 
2 H2 (gas) + O2 (gas) → 2 H2O + Energy. 

 

 
Figure (3) shows the pictorial representation a fuel 
cell along with input and output and catalyst layer. 

 
Figure 3: A model of fuel cell anode, cathode and electrolyte 

 
As discussed in the table (1), considering the 

wide range of applicability, availability and power 
applications I am proceeding with the SOFC (Solid 
Oxide Fuel Cell) [8]. Due to the high power density 
of SOFC compact designs are feasible. An important 
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advantage of SOFC is the internal reforming. Due to 
the high temperature of the exhaust gases a 
combination with other power generation systems 
(e.g., gas turbines) is also possible which can provide 
a high overall electrical efficiency (up to 70% in a 
combined cycle system).  

A number of fuel cells are connected in series to 
get more voltage. Fuel cells are connected in series 
and the interconnection material is very important in 
the interconnection of fuel cells [2] [4]. The 
interconnect material (ICM) is another important 
issue in SOFC development. It forms the connection 
between the anode of one cell and the cathode of the 
next in a stack arrangement. The ICM has to be 
electronically conductive but it must also seal the gas 
chambers for the feed of oxygen and fuel gases at 
either the anode or the cathode. Another important 
area where we have to focus in the formation of the 
fuel cells is its fuel. In theory, any substance that is 
capable of being chemically oxidized at a sufficient 
rate at the anode of the fuel cell may be used as a 
fuel. In the same sense, any substance that is capable 
of being reduced at the cathode of the fuel cell at a 
sufficient rate may be used as an oxidant. In practice, 
hydrogen is the best fuel for most applications. 

  
Figure 4: Ideal and actual fuel cell voltage/current 

characteristics 
 
For a typical SOFC operating about 8000c. The 

key points here are as follows. 
 The open circuit voltage is equal to or only a little 

less than the theoretical value. 
 The initial fall in voltage is very small, and the 

graph is very linear 
 There may b e a higher current density at which 

the voltage falls rapidly, as with lower 
temperatures. 

The same characteristics are studied with the 
simulation setup. 
 
III. SOLAR POWER 
 

Among the various renewable energy resources, 
solar energy potential is the highest in the country. In 
most parts of India, clear sunny weather is 
experienced 250 to 300 days a year. The annual 
radiation varies from 1600 to 2200 kWh/m2, which is 
comparable with radiation received in the tropical and 
sub-tropical regions. The equivalent energy potential 
is about 6,000 million GWh of energy per year [9]. 

 
IV. VIRTUAL INDUCTOR 
 

As the voltage control in this project is based on 
the fundamental component, a more robust approach 
to determine the virtual inductor voltage drop is, 
therefore, proposed to avoid the differentiation by 
approximating sL0 as jωL0, where ω is the system 
angular frequency. This jωL0 representation can be 
realized in polar form with polar–rectangular 
transformations or through direct complex number 
manipulations in the d–q frame. For the polar – 
rectangular form transformations, the measured three-
phase currents are first transformed to the d–q frame 
and converted to the polar form of    

Idqarg(Idq) 
whereIdq= Sqrt ( Id2+Iq2) 

                  and  arg(Idq) = tan-1(Iq/Id)     
Multiplying Idq by the desired virtual inductance 
jωL0 gives the desired inductor voltage drop (in polar 
form) of |Vdq| = |Idq |ωL0 , and  arg(Vdq) = arg(Idq) 
+ (π/2), which is subsequently transformed back to 
rectangular form of VVL(dq) . On the other hand, for 
the complex number manipulations in the d-q frame, 
as shown in the shaded part of figure (5), the d-q 
frame voltage drop can be directly found from the 
line current with (Vd + jVq) = jωL0 (Id + jIq) =ωL0 
(−Iq + jId), where the magnitude and angle 
calculations required in the polar–rectangular form 
transformations can be avoided.  

 
Figure 5: Realization of virtual inductor 

 
All the above procedure is implemented in terms 

of simulation blocks and presented below. The other 
two inputs to the voltage are Vd reference and 
capacitor voltage. A capacitor branch is connected 
across the lines and voltage of that capacitor bank is 
treated as the capacitor voltage. Inverter currents are 
converted into polar form and virtual inductor 
realization is applied. Thus obtained voltage is 
compared with the above capacitor voltage and 
applied to the PI controller with proportional gain as 
0.4 and integral gain as 500. The pulses obtained after 
PI controller is applied to the discrete pulse PWM 
generator to produce pulses. 

 

 
Table 3: Harmonic content in the system without 

filter 
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Figure 6: simulated block diagram connected to load 

 

 
Figure 7: Voltage regulation block 

 

 
Figure 8: Reference waveform to the pulse generator 

 

 
 Figure 9: Output voltage of SOFC 

 
The Characteristics of SOFC what we 

obtained practically looks similar to the theoretical 
characteristics which is discussed at the figure (4). 
 
V. FFT ANALYSIS WITHOUT FILTER 
 

FFT analysis is carried on the output voltage 
of the inverter with and without filter. Since the FFT 

generates the frequency spectrum for a time domain 
waveform, there are some fairly simple applications, 
e.g., harmonic analysis, distortion analysis, and 
vibration analysis. I considered the total harmonic 
distortion (THD). The total harmonic distortion, or 
THD, of a signal is a measurement of the harmonic 
distortion present and is defined as the ratio of the 
sum of the powers of all harmonic components to the 
power of the fundamental frequency. We should get 
THD below 5%. 

Figure (10) shows the THD in the inverter 
voltage without filter. I got THD of 42.95%. 
Harmonic component is shown in the table (3). 

 

 
Figure 10: FFT analysis without filter 

 
A.   FFT analysis with filter 

After observing the above results I designed the. 
As a THD of 42.95% is not fair for a system, I 
connected a filter across the inverter, which reduced 
the THD to 0.46%. It is shown in the figure (11). The 
harmonic component is also given in the table (4). 
 

Table 4: Harmonic content in the system with filter  

 
 

 
 

Figure 11: FFT analysis with filter 
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CONCLUSION 
 
This paper mainly concentrated on the fuel cell 
technology as power generation through PV is about 
70% of the renewable energy sources. A type of fuel 
cells and their efficient working modes is clearly 
mentioned. From the results we can conclude that the 
analysis is correct, as ideal and actual fuel cell 
voltage/current characteristics are same. The virtual 
inductor realization is very useful as an alternate 
application. 
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