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Abstract - The proposed dynamic model will account for the electrochemical and thermo dynamic characteristics of SOFC.
Effects of temperature variations and fluid flow changes will be incorporated in the model. Voltage drops inside a fuel
cell will also model. SOFC is connected to Grid through DC-DC Boost converter and a 3-phase voltage source inverter.
The output of 3-phase inverter is fed to the grid with the use of AC link integration. Complete model will be formulated in
MATLAB-SIMULINK environment. Simulation results will clearly depict the behavior of SOFC and also show that SOFC
is a potential source for distributed generation purpose.
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I.  INTRODUCTION

The SOFC is electrochemical device that convert chemical energy to electrical energy (d.c). SOFC is static energy device
that operate at high temperature (600°c to 1000°c) and convert chemical energy to electrical energy. SOFC is high energy
conversion  efficiency and absence of moving parts so it is  stationary = power  generation.
They are more advantageous as compared to the conventional power plants. SOFCs are suitable for stationary power applications
with step load changes. They have the ability to integrate with other power generating systems, such as automotive engines or gas
turbines of various sizes. SOFCs are flexible in the choice of fuel such as carbon-based fuels, like natural gas. A number of research
have been undertaken in the modeling, control and performance of PEMFCs which are best suited to mobile and residential
application because of their lower efficiency and dependence of pure hydrogen as fuel they have not found much use in stationary
power application.

Fuel cell based DG system is considered an alternative to centralized power plants due to their non-polluting nature, high
efficiency, flexible modular structure, safety and reliability. At present, they are under extensive research investigation as the power
source of the future, due to electrical energy through an electrochemical process. As opposed to a conventional storage cell, it can
work as long as the fuel is supplied to it. There are many motivations in developing this method of energy generation and it needs
further development to have a realistic system analysis combining various subsystem and components. Among the various types of
fuel cells discussed in the literature, PEMFC and SOFC fuel cells are in wide use and have been widely commercialized. A number
of researches have undertaken in the modeling, control and performance of PEMFCs, which are best suited to mobile and residential
applications. Because of their lower efficiency and dependence on pure hydrogen as fuel, they have not found much use in stationary
power applications. SOFCs, which work at high temperatures, however, are ideal for DG applications, wherein power is generated
at the load site itself.
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[Fig 5.1 Block diagram of grid connected SOFC]

Types of fuel cells:

Fuel cells are generally classified by the type of electrolyte they use, and the choice of electrolyte dictates the range of their operating
temperature and the degree of fuel processing required. Low-temperature fuel cells are generally limited to temperatures below or
around 200°C because high-temperature vapor causes rapid degradation of their electrolyte material. The most common type of
low-temperature fuel cells are alkaline fuel cell (AFC), phosphoric acid fuel cell (PAFC), and polymer electrolyte membrane
(PEMFC). In these fuel cells all the fuel must be converted to hydrogen prior to entering the fuel cell. In addition, the catalyst used
in these fuel cells (mainly platinum) is strongly poisoned by carbon monoxide (CO). Therefore, the hydrogen entering these fuel
cells needs to be pure. This is a downside of the low-temperature fuel cells. In high-temperature fuel cells, CO and even
hydrocarbons (e.g., CH4) can be internally converted to hydrogen or even directly oxidized. The

most common types of high-temperature fuel cells are molten carbonate fuel cell (MCFC) with operating temperature range of 600-
700°C, and solid oxide fuel cell (SOFC) operating in the temperature range of 600-1000° C. As SOFC are highly efficient combined
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heat and electric power [5], they are considered for the study in this paper. Modeling of SOFC is done by using by using Nernst
equation. In that the output power of the fuel cell can be controlled by controlling the flow rate of the fuels used in the process
[61[7]-

The different types of fuel cells have slightly different chemical reactions, but the same electrochemical reaction is the backbone of
all of them. Because of the differences in their operating characteristics and fuel used, different types of fuel cells are suited for
different applications.

In addition to the above types of fuel cells, there is another category of fuel cells, which can utilize non-hydrogen fuels directly
without internal or external reforming process. Two common types in this category are direct methanol fuel cell (DMFC) and direct
carbon fuel cell (DCFC). DMFC, also called direct alcohol fuel cell (DAFC), is a low-temperature polymer electrolyte fuel cell,
which uses alcohol as fuel without reforming.
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Boost dc—ac inverter naturally generates in a single stage an ac voltage whose peak value can be lower or greater than the dc input
voltage. The main drawback of this structure deals with its control. Boost inverter consists of Boost dc—dc converters that have to
be controlled in a variable-operation point condition. The sliding mode control has been proposed as an option. However, it does
not directly control the inductance averaged-current. This paper proposes a control strategy for the Boost inverter in which each
Boost is controlled by means of a double-loop regulation scheme that consists of a new inductor current control inner loop and an
also new output voltage control outer loop. These loops include compensations in order to cope with the Boost variable operation
point condition and to achieve a high robustness to both input voltage and output current disturbances. As shown by simulation and
prototype experimental results, the proposed control strategy achieves a very high reliable performance, even inbetween the actual
load currents and the desired mains currents for the three phases.

I1l.  MATLAB/ SIMULINK SIMULATION MODEL

Dynamic modeling of solid-oxide fuel cell has been performed to analyze its load behavior as distributed generator in a grid
connected power system. The response of the system to step changes in load demand are presented along with the analysis of the
simulated results. It has been observed that the fluctuations in the output voltages in the power system due to load variations are
taken care of by the SOFC very closely. An efficient dynamic model of Solid Oxide Fuel Cell has also been developed which can
supply active power maintaining inverter voltage as desired. The combined system reduces the cost of power generation as well
as the level of pollution reducing the fuel consumption. The Simulation results are presented for various dynamic characteristic

of the Fuel system control scheme, which enables comprehensive quantitative and qualitative analysis.
according to this technique we will increase the voltage regulation [3]. The system parameters are, phase voltage = 415 volts.
Simulation results are also observed.

This wave form shows active and reactive power of the fuel cell and grid here in this wave form we are able to see that our

control strategy is able to make sure that fuel cell power is equivalent to required power of the grid.
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This wave form show dc link output voltage and current. these voltage and current are output of fuel cell with dc to dc converter
with use of converter it makes sure that both quantities are remain constant for particular conditions
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Fig 4. Grid connected SOFC
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Fig 5.SUB SYSTEM SOFC

IV. CONCLUSION

A dynamic model of SOFC based DG system has been developed in MATLAB /SIMULINK environment to supply power to an
isolated load. The model incorporates the electrochemical reaction dynamics and major voltage losses in SOFCs. An over view of
the operating principle of SOFC and its V — | characteristic has been discussed taking into account the various voltage losses. A
constant utilization mode has been adopted for the operation of fuel cell in which the control of constant utilization is implemented
using current feedback to adjust the hydrogen input flow rate. Various power electronic interface topologies that convert the power
generated by the FCs into a usable form have been discussed. A DC-DC PWM boost converter model is developed and interfaced
to fuel cell to boost SOFC voltage to a regulated dc voltage required for DC/AC PWM inverter to serve for an isolated load.
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