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Abstract: This paper presents the power control of a polymer electrolyte membrane fuel cell (PEMFC) based grid connected
system. Control scheme for inverter control to get the desired active and reactive power output from PEMFC is discussed. A
simulation model for PEMFC based Distributed Generation (DG) system has been built in MATLAB/Simulink using Simpower
system block-set. Simulation results show that the real and reactive power from the fuel cell DG system to the grid can be
controlled in desired manner.
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I. INTRODUCTION

Fuel Cells are static energy conversion devices which converts chemical energy of its fuel into electrical energy. Polymer
Electrolyte Membrane Fuel Cell (PEMFC) are emerging as an attractive power supply source among several types of fuel cells, for
applications such as distributed generation power systems and electrical vehicles because of their high reliability, efficiency and
cleanness [1]. Fuel-cell power plants can, therefore, becomes a large part of the generation mix in the future for the reinforcement of
grid and improving system integrity. Fuel cell distributed generation (FCDG) systems can be placed at any site normally at the
distribution level in a power system, this in turn will allow utilities to meet load growth and postpone transmission and distribution
network upgrades [2]-[4]. Proper controllers are needed to be designed for FCDG systems when they are to be connected to a utility
grid, so that preset amount of real and reactive power may be delivered to the grid or a varying load profile to be supplied [5].

In this paper, power control of grid-connected PEMFC systems is discussed. Simulation models for a PEMFC DG system has been
built in MATLAB/Simulink using the Simpower system block-set. Simulation studies are carried out to investigate the real and
reactive power controllability of the fuel cell DG systems.

Il. SYSTEM DESCRIPTION

A fuel cell distributed generation system is interfaced with the utility grid through a set of power electronics devices. A pulse width
modulated (PWM) voltage source inverters (VSI) and DC/DC Boost converters are used for this purpose. A PWM VSI also serves
the purpose of controlling real and reactive power and a DC/DC boost converter is used to adapt the output voltage of each fuel cell
array to the dc bus voltage.

The PEMFC power plant connects (Fig.1) a number of fuel cell arrays in parallel to get desired power output. Storage device such
as super capacitors or battery banks are also connected to the dc bus to provide the storage capability and fast dynamic response to
the load transients. To reduce the harmonics introduced by the inverter, a filter is connected to the output of the inverter. Moreover,
the real and reactive power (P and Q) flows should follow their respective reference values which can be either any fixed value or to
follow a certain load demand. The detail of system parameters are given in Appendix .
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Fig. 1 Fuel Cell Power Generation System
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111. POWER CONTROL OF FUEL CELL GENERATION SYSTEM

Real and reactive powers delivered to the utility grid are completely determined by the amplitude and angle of the sending voltage
source, i.e. the output voltage of the inverter [6]. On the other hand, if the desired values of real and reactive power are given, the

values of v, and O can be determined from (1) and (2):
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The corresponding dg0 component values of the voltage can be obtained through abc/dq transformation as follows:
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Where p is the inverse phasor transform. Depending on equations (1)-(3), a desired set of PQ values can be converted into

dq reference voltages to control the inverter.

The overall control system block diagram for the inverter is given in Figure 2. A two loop control scheme consisting of inner current
control loop and outer voltage control loop is adopted for the inverter control. From Fig. 2 the magnitude and angle of the filtered
output voltages of the inverter is calculated from the dq reference signal computational block based on equations (1) and (2).The dq
reference voltage signals is generated by this block is compared with the actual output voltage in dq frame (\Vd,q) which is the
output signal of abc/dq transformation block. The output voltage controller then further generates the current reference signals
(1d,q(ref)) for the current control loop of the inverter. The dg/abc transformation block takes the dg control signals from the inner
current controller loop and converted them back into the abc coordinates. These control signals in abc coordinates are used to
modulate the SPWM pulse generator, which produces the proper pulses for the inverter switches and thus the inverter output voltage

can be controlled.
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Fig. 2 Overall control system of the inverter
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IV.SIMULATION RESULTS

A PEMFC DG system has been built in MATLAB/Simulink using the sim power systems block set and shown in Fig. 3. To
investigate the power management and load following capability the system is tested under various operating conditions. When the
demand of electric power on a utility is heavy, more real power is delivered by the connected DGs to the grid. To help in boosting
the grid voltage, there is also a requirement of reactive power which is fulfilled by the DGs. Pref and Qref is set to 370kW and
27kVar respectively. It can be seen from the (Fig. 4 and 5) that the delivered P and Q satisfies their reference values very well. Fuel
cell output voltage and currents are shown in Fig. 6 and Fig.7. DC bus voltage waveform is shown in Fig. 8, which shows the
constant voltage. Inverter d-g component of output voltage are shown in Fig. 9 and Fig. 10 respectively.
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Fig. 3 Developed model of grid connected PEMFC in MATLAB/Simulink environment

Fig. 4 P delivered to the grid Fig. 5 Q delivered to the grid under heavy
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Fig. 8 DC bus voltage waveform Fig. 9 d component of inverter output voltage
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V. CONCLUSION
Control of grid-connected FC DG systems are investigated in this work. A dq transformed two-loop current control scheme is used
on the inverter to control the real and reactive power delivered from the fuel cell system to the utility grid. A MATLAB/Simulink
model of the proposed FC DG system was implemented using the Simpower system block-set. It is concluded from the simulation
results that the real and reactive power delivered from the fuel cell system to the utility grid can be controlled as desired while the
DC bus voltage is maintained well within the prescribed range.
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APPENDIX |

Table 1Configuration Parameters of the Proposed System

PEMFC power plant

216V/480kW Ten 48-kW FC arrays
connected in parallel

PEMFC array

216V/48kW, consisting of
8(series)*12(parallel) = 96,500-W
PEMFC stacks

Boost dc/dc converter

200V/480V, 50kW each

3-phase dc/ac inverter

480V dc/208Vac, 500kW

dc bus voltage

480V

Ac bus voltage

120Vv/208V
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