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I. INTRODUCTION 
 

Distributed generation is referred in general to small 

generators, starting from a few kW up to 10 MW, 

whether connected to the utility grid or used as 

stand-alone at an isolated site. Normally small DGs, 

in the 5-250 kW range serve households to large 

buildings (either in isolated or grid-connected 

configuration). DG technologies can be categorized 

to renewable and nonrenewable DGs. Renewable  

energy technologies are in general sustainable (i.e., 

their  energy source will not run out) and cause little 

or no  environmental damage; they include: Solar 

photovoltaic,  Solar thermal, Wind, Geothermal, Tidal, 

Low-head (small)  hydro, Biomass and biogas and 

Hydrogen fuel cells (hydrogen generated from 

renewable resources).   

 

Nonrenewable energy technologies are referred to 

those that use some type of fossil fuel such as 

gasoline, diesel, oil, propane, methane, natural gas, 

or coal as their energy source.  Fossil fuel-based DGs 

are not considered sustainable power generation 

sources as their energy source will not renew.  They  

 

 

 

 

 

 

include: Internal combustion engine (ICE), 

Combustion turbine, Gas turbine, Micro turbine and 

Fuel cells (using some type of fossil fuel, e.g. natural 

gas to generate hydrogen). Both types of DGs 

(renewable and nonrenewable) are popular and 

widely used around the world. The downside of 

renewable resource DGs is the intermittent nature of 

their  

 

renewable energy source; and the disadvantage of 

fossil fuel-based DGs is that they generate 

environmentally polluting, and in some cases 

poisonous exhaust gases, such as SO2 and NOx, 

which are similar to the pollutants from conventional 

centralized power plants. However, considering the 

increasing need for electricity, the benefits of the 

nonrenewable DG technologies with low emission of 

polluting gasses exceed their disadvantages and are 

expected to be used in the foreseeable future[1-5]. 

 

II. CHARACTERISTICS OF FUEL CELLS 
 

Fuel cells have been around longer than most 

batteries - the principle of the fuel cell was 

discovered in 1839 by Sir William Grove. They 

generate electricity from the reaction of hydrogen 

with oxygen to form water in a process which is the 

reverse of electrolysis. 
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The fuel cell relies on a basic oxidation/reduction 

reaction, as with a battery, but the reaction takes 

place on the fuel rather than the electrodes. The fuel 

cell produces electricity as long as the cell receives a 

supply of fuel and can dispose of the oxidized old 

fuel. In a fuel cell, the anode usually is bathed in the 

fuel; the cathode collects and makes available the 

oxidant (often atmospheric oxygen). An ion-

conducting membrane separates the two, allowing 

the reaction to take place without affecting the 

electrodes. 

 

There are six major fuel cell technologies are 

currently being pursued for different applications 

each with its own characteristics. Some operate at 

high temperatures, some use exotic electrode 

materials or catalysts, all are very complex. 

• Alkali 

• Phosphoric Acid 

• Solid Oxide 

• Molten Carbonate 

• Proton Exchange Membrane PEM 

• Direct Methanol DMFC 

 

They have been proposed for a wide range of 

applications from powering laptop computers, 

through automotive traction to high power load 

levelling. 

 

The most active developments are currently in the 

automotive sector where the favoured technology is 

PEM. This promises a high conversion efficiency of 

over 60% and an energy density of 120 W/Kg. DMFC 

do not use Hydrogen fuel with its associated supply 

problems, but the more convenient liquid Methanol. 

They are less efficient but offer compact and 

convenient designs suitable for future consumer 

electronics applications[6]. 

 

III. FUEL CELLS TO PLAY IMPORTANT 

ROLE IN POWER GENERATION 
 

Imagine a source of power that is virtually emission-

free, highly reliable, occupies small spaces and can 

generate enough electricity to power thousands of 

homes. It’s not a pipe dream. The technology has 

been around for a while and it is increasingly being 

deployed in the U.S. and abroad to meet public 

demand for clean, reliable electricity. More homes, 

businesses and utilities are turning to fuel-cells to 

meet their power generation needs. Installing groups 

of modular fuel-cell systems to create small power 

plants ranging from 5 MW to 63 MW in size is a 

growing market[7]. 

 

Several large-scale fuel-cell power plants have been 

built in Connecticut, Delaware and California. 

Just last month, state officials in Connecticut 

approved plans to build what will be the largest fuel 

cell power plant in the world. Equipped with 21 fuel 

cells, the 63.3-MW Beacon Falls fuel cell power plant 

will surpass the 59.9-MW fuel cell plant in South 

Korea. The Beacon Falls Project will be capable of 

generating enough electricity to power 60,000 

Connecticut homes and is expected to be completed 

in 2019.  

 

The power plant and substation will be built on 

about eight acres. A solar plant would require about 

10 times more land to achieve the same amount of 

output. 

 

In addition, fuel cells, which use hydrogen and 

oxygen to generate electricity, have no moving parts, 

making them inherently quiet and ideal for use in 

urban settings where the power is actually 

consumed. This limits the need for transmission and 

distribution lines, thus reducing the risk of power 

outages caused by ice storms and heavy winds[8]. 

 

The hydrogen used in fuel cells can be produced by a 

variety of fuels, including natural gas. A fuel cell splits 

hydrogen into electrons and protons. As protons 

pass through the cell’s thin plastic membrane, the 

electrons are forced into a circuit, creating an electric 

current. 

 

Although our universe is 80 percent hydrogen, it is 

almost never found naturally by itself because it’s 

locked up in other compounds like water and 

cellulose. That’s why the source of hydrogen is 

natural gas or methane. The electrochemical reaction 

creates water vapor, eliminating the harmful 

emissions of a combustion engine. What’s more, the 

cost of fuel cells is dropping thanks to increasing 

demand, or better economies of scale, making the 

technology even more attractive.   

 

Leading fuel cell manufacturer Fuel Cell Energy Inc. 

will supply the fuel cells for the Beacon Falls project. 

Since power from fuel cells has been deemed 

renewable in 13 states, including Connecticut, the 

power from these systems can be used to comply 
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with new standards for renewable power, also known 

as renewable portfolio standards (RPS). 

 

“This one project meets about 10 percent of the 

State of Connecticut’s RPS requirements for 2016, 

and no state funds are needed as private capital will 

be used to finance the project,” said Chip Bottone, 

chief executive officer of Fuel Cell Energy. 

 

Bottone’s company has fuel cell power plants up and 

running in more than 50 locations worldwide. Fuel 

cells have several advantages over other more 

common forms of onsite power. They are 

significantly cleaner, quiet, less expensive to operate, 

and require little real-estate. 

 

Dominion Resources owns the largest fuel cell power 

plant in North America, a 15-MW project in 

Bridgeport, Connecticut, capable of producing 

enough electricity for about 15,000 homes. Dominion 

sells the power to Connecticut Light & Power under 

a 15-year power purchase agreement. 

 

Fuel cells are not a new technology. They have been 

long associated with the NASA space program and 

transportation vehicles. In recent years, though, the 

applications and markets for fuel cells have 

expanded. Fuel cells are being used for primary 

power, backup power, emergency power, and 

auxiliary power. They are used to power hotels, 

hospitals, universities, and data centers for Apple and 

eBay [9]. 

 

As the cost of centralized power rises, the cost of 

decentralized power continues to fall. Some power 

professionals believe the days of centralized power 

are numbered. That point of view is a bit extreme, 

but fuel cells are without question going to play a 

starring role in what will be a significant transition to 

distributed generation. 

 

IV. EXPECTED FUEL SYSTEM PARAMETER 
 

Fuel cells are also well used for distributed 

generation applications, and can essentially be 

described as batteries which never become 

discharged as long as hydrogen and oxygen are 

continuously provided. The hydrogen can be 

supplied directly, or indirectly produced by reformer 

from fuels such as natural gas, alcohols, or gasoline. 

Each unit ranges in size from 1-250 kW or larger MW 

size. Even if they offer high efficiency and low 

emissions, today’s costs are high. Phosphoric acid 

fuel cell is commercially available in the range of the 

200 kW, while solid oxide and molten carbonate fuel 

cells are in a pre-commercial stage of development. 

The possibility of using gasoline as a fuel for cells has 

resulted in a major development effort by the 

automotive companies. The recent research work 

about the fuel cells is focused towards the polymer 

electrolyte membrane (PEM) fuel cells. Fuel cells in 

sizes greater than 200 kW, hold promise beyond 

2005, but residential size fuel cells are unlikely to 

have any significant market impact any time 

soon[10]. 

 

Fig no 1. block diagram of fuel cell system. 

 

Features: 

 

• Size: 1 kW – 10 MW 

• Efficiency: electricity (30 – 60%), cogeneration (80 

– 90%) 

• Installed cost ($/kW): 1,000 – 5,000 

• O&M cost ($/kWh): 0.0019 – 0.0153 

• Fuel: natural gas, hydrogen, propane, diesel 

• Emission: very low 

• Cogeneration: yes (hot water, LP or HP steam) 

• Commercial Status: 

• PAFC: commercially available 

• SOFC, MCFC, PEMFC: available in 2004 

 

V. RESULT AND SIMULATION 
 

 
Figure no 2. fuel cell efficiency calculation model 

topology. 
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                 Figure 3. Subsystem of Fuel cell. 

 

 
Figure 4. power regulation Simulink block. 

 

 
Figure 5. PI based topology. 

 

 

 
Figure 6. Power system measurement block. 

 

 
Figure 7. power measurement calculation. 

                 

 
Figure 8. fuel cell based voltage generation. 
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Figure 9. RMS voltage. 

 

 
Figure 10. Grid total Active power. 

 

 
Figure 11. topology z transformation voltage. 

 

VI. CONCLUSION 
 

The proposed scheme is implemented by harmonic 

sharing control loop as well as combined droop 

method and average power control method, and 

power information exchange between each DGS unit 

is needed to ensure good load sharing. We 

improvement of total efficiency 98.32% Using 

proposed modelling. 

 

PEM fuel cells have actually reached a partial 

commercialization phase due to many different 

initiatives being issued all over the world (USA, 

Japan, Europe) by the bigger car constructors and 

the governments. Those initiative mainly focus on 

further development of the cells at many 

demonstrative applications which are at the same 

time used to deepen the knowledge on the life cycle 

of PEMFC.  

 

Although each applications of the PEMFC has its own 

issues there two main problems shared between all 

applications: the need to provide a stable supply of 

pure hydrogen and to reduce the actual costs for the 

production of the cells. Regarding the realization of 

an hydrogen distribution network there are three 

issues that actually prevents that from becoming a 

reality. The first issue is the difficulty to realize an 

highly efficient storage of hydrogen for long time 

periods. Adding to this we must count the actual lack 

for a detailed normative which has to provide 

functional and security standards for the 

development of such devices. The second issue 

regards the use of platinum as catalyst.  

 

The minimum Pt load in the electrodes 0.2 mg Pt 

cm−2 . Even though the value is low, this still raises 

the cost of the fuel cell production, while at the same 

time, the performance is reduced compared to 

electrodes with higher Pt content. Decreasing the 

amount of Pt has been one of the major concerns 

during the past decade; one of the effort has focused 

on the increase of utilization efficiency of the 

catalyst. To fully exploit the catalyst, all the Pt 

nanoparticles must have simultaneous access to the 

gas, the electron-conducting medium, and the 

proton conducting medium. 

 

If compared with conventional fossil fuel propelled 

electric generators, the use of fuel cells brings about 

many advantages [1]:  

• Higher volumetric and gravimetric efficiency 

• Low chemical, acoustic, and thermal emissions  

• Modularity and siting flexibility  

• Low maintenance  

• Fuel flexibility (depending on type of fuel cell)  

• No production of pollutants  

 

1. Higher Efficiency  

The higher efficiency of fuel cells is a consequence of 

the direct (chemical) production of electric energy 

from the fuel used. As a consequence the technology 
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is not affected by the limitations derived from the 

Carnot thermic cycle which burdens all the 

combustion based electric generation systems.  

 

2. Low Chemical, Acoustic, and Thermal Emissions  

Due to higher efficiencies and lower fuel oxidation 

temperatures, fuel cells emit less carbon dioxide and 

nitrogen oxides for kilowatt of power generated. 

Another characteristic is that since fuel cells have no 

moving parts (except for the ancillary pumps, 

blowers, and transformers), noise and vibration are 

negligible.  

 

3. Modularity and Siting Flexibility 

A single fuel cell will produce less than one volt of 

electrical potential. To produce higher voltages, fuel 

cells are stacked on top of each other and connected 

in series. Cell stacks consist of repeating fuel cell 

units, each comprised of an anode, cathode, 

electrolyte and a bipolar separator plate. The number 

of cells in a stack depends on the desired power 

output and individual cell performance. The stacks 

have sizes which ranges from a few hundreds of W to 

several hundred of kW (up to some MW).  

 

4. Low Maintenance  

Due to the high modularity of generator systems it is 

relatively easy, for same type of fuel cells, to localize 

and substitute a damaged or malfunctioning cell 

contained inside a stack. This characteristic obviously 

leads to lower maintenance costs.  
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