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Operation Scheme to Regulate Constant Active Power Output
of Wind Turbine and Fuel-Cell Hybrid System

Yun-Seong Kim, Dae-Seong Moon, Dong-Jun Won
School of Electrical Engineering, INHA University

Abstract - A operation scheme to regulate the active power output of
the hybrid system consisted of a doubly fed induction generator(DFIG)
and a fuel-cell are presented. The power output of the wind turbine
fluctuates as the wind speed varies and the slip power between the
rotor circuit and power converter varies as the rotor speed change. A
fuel cell system can be individually operated and adjusted output power.
In this paper, a fuel-cell is performed to regulate the active output
power in comparison with the active power output of a DFIG. Based on
PSCAD/EMTDC power system tools, we simulated a DFIG and a fuel
cell and investigated about dynamics of the output power in hybrid
system.

Index Terms - fuel cell, hybrid system, output power regulation,
wind turbine
1. Introduction

Wind turbine is a energy resource that is growing in importance as
a mean to address the national and global issue of air pollution,
increment of power needs, foreign oil, climate change, etc. Wind is
both plentiful and renewable-the fuel is free and does not need to be
conserved. However from an operation point view, since the wind
speed is inconstant, this disadvantage arduously makes to manage the
power system. One possible solution to overcome this problem is to
integrate wind turbine power source with other source. The fuel-cells
are very attractive to be used with intermittent source of energy, like
wind turbine, because of high efficiency, fast load-response,
modularity, and fuel flexibility.

In this paper, a wind turbine and fuel-cell hybrid system connected
to a 22.9kV network has been studied, with particular reference to
the control system. The hybrid system, the power electronic interface
with the grid and the control systems have been modeled in the
PSCAD/EMTDC simulation environment.

2.Wind turbine and fuel-cell hybrid system

2.1 DFIG Modeling
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<Fig. 1> Doubly fed induction generator

In spite of various mechanical torque by wind speed fluctuation, a
doubly fed induction generator(DFIG) can control the output power by
using the inverter. Modeling the DFIG involves modeling of the wound
rotor induction machine, the rotor side converter(RSC), the grid side
converter(GSC), the back-to-back PWM converters with DC link
between them. Through a slip ring and a brush in the DFIG, the rotor
winding is connected to RSC and the stator winding is connected

directly the grid. The objective of the GSC is to control the DC link
voltage, which must be kept constant at all time. Independent control of
P and Q power flowing through the GSC is done by using a reference
frame oriented along the stator voltage vector. The RSC controls the
induction machine and selecting the synchronously rotating reference
frame attached to the stator flux vector allows decoupled control of the
electrical torque and rotor excitation current. The P and the Q of the
DFIG is controled by this control schemes|[1].
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<Fig. 2> Modeling of wind speed variation

2.2 Control scheme to regulate active power of DFIG

As can be seen Fig. 2, the wind speed has inconstant variation in a
mount because it depends on natural characteristics. Owing to wind speed
fluctuation, the scheme to adjust constant output power of the hybrid
system needs in the DFIG and is possible to control by the RSC.
.2 L.P,
T3 Ly

In the equation (1), the active power reference in the stator(P"y)
can be controled by qg-axis rotor current(i",). The stator active
power can be controlled by current controller by applying following
g-axis reference current signal. The P’y is decided by mechanical
torque. To prevent the output power fluctuation, the output power is
adjusted by using the P’ setting using hysteresis[2].
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<Fig. 3> Reference power setting using hysteresis

2.3 Fuel-cell system modeling

A proton exchange membrane fuel cel(PEMFC) has electrolyte that
is a solid polymer in which protons are mobiles. It is widely used for
CHP(small scale application), and on mobile power systems especially
for vehicle and electronic equipment such as portable computer and
mobile telephone. Compared other fuel-cell, It has quick starting,
simple structure and wide range of applications of the fuel-cell
power, from a few watts up to megawatt. But a fuel-cell has a
defect of slow response because of the velocity of chemical reaction
of the hydrogen ion(H’) and principle of the operation[3].

Fig. 4 shows modeling of the fuel-cell system. A fuel-cell modeling
involves characteristic of internal voltage, ohmic losses, activation
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losses, mass transport loss, concentration loss and traits of the
catalyst and the temperature responses. Because the cells are
connected in series and the stacks are connected in parallel, a
PEMFC can generate 2MW. DC output power in a fuel-cell is risen
by a DC/DC booster converter, finally the ouput power is changed to
alternating power by a AC/DC inverter which controls P and Q.
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<Fig. 4> Fuel-cell system

2.4. Hybrid system modeling
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<Fig. 5> The structure of hybrid system
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A 2MW DFIG and a 2MW fuel-cell are connected to 22.9kV AC
bus, through the transformers. Algorithm to regulate the constant
active power output in the Fig. 6 is used to operate for a DFIG and
a fuel-cell hybrid system. In the study, the active power of the
hybrid system(Prysia) is set at SMW. A fuel-cell of a few MW scale
is always maintained turned on mode in the simulation because when
a fuel -cell is connected to grid, it is a hard performance to turn
on/off instantaneously. A fuel-cell is sent out active power
output(Py") according to subtraction the various active power output
of the DFIG(Puina) from the Physria But when the Puina is lowered to
IMW, the P;" is set to maintain rated maximum output power(P,™)
because the Pp." can not be raised above 2MW.

P, =Reference power value of the F/C
Pring = Outpnit power of the wind turbine
PpM% = Rated maximum output power of F/C

Py spia= The hybrid output power

y

| | Pﬂ‘:meﬂd_ wind |

<1&l. 6> Flow chart of reference power values setting

| Fp'= Py

3. Simulation result

Fig.7 shows the hybrid system is adjusted on 3SMW output power. A
DFIG and a fuel-cell system are initialized after 0.5s and a fuel-cell is
generated alonely on the P,™ scale from 05s until a DFIG is
started(1.2s). Fig. 8 is shows a fuel-cell is compensated its power for
adjustment to 3MW in the hybrid output power. The hybrid output
can be divide Tand II in the Fig. 7. T is a part that a DFIG output
is decreased and a fuel-cell output is increased. II is a part that a
DFIG output is increased and a fuel-cell output is decreased.

The overshoots of power are occurred by subtraction a fuel-cell
output from reference value in the hybrid system since a fuel-cell
dynamics is slow according to variation of the reference value. On
the other hands , when a DFIG is controled to become low and a
fuel-cell is controled to become high, the undershoots are occurred by
subtraction reference value from a fuel-cell output.

_- P d
(MW)
207 pr\ﬂ T T ymaamiorendy
2.0 4 I II
1.0
0.0~ T
10 20 30 40 50 6.0 7.0 8.0
<Fig. 7> Active power of hybrid system
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<Fig. 8> Active power of DFIG and fuel-cell
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<Fig. 9> Active power response to decreasing Pr’
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<Fig. 10> Active power response to increasing P
4. Conclusion

For this study, models of a variable speed wind turbine and a PEMFC
were combined to simulate a hybrid system. First of all, the variation
of a DFIG system has been driven through scheme of active output
power regulation of a DFIG using hysteresis. A hybrid system has
been operated through the function of a PEMFC which is to supply the
rest of the average power to the AC infinite bus. To investigate the
output power performances of the hybrid system, simulation studies
have been modeled in the PSCAD-EMTDC simulation environment. For
the efficiently scheme of active output power regulation of a hybrid
system, a DFIG have been worked at the maximum power point
tracking (MPPT) mode. The output power compensation in a hybrid
system has been used by a PEMFC. Simulation results shows adjusted
on 3MW output power of a hybrid system that is controlled a scheme
of active output power regulation. When the output power in a PEMFC
supply to the AC infinite bus, overshoots and undershoots are occurred
because response of a fuel-cell is late. This problem can overcome to
use a battery system and we will deal out at the next investigation.

As a consequence, the control of a wind-fuel cell hybrid system can
be regulated through constant output power and the system
management can be driven under steady-state.

[ REFERENCES ]

[1] R. Pena, J. C. Clare, and G. M. As her.“Doubly fed induction
generator uising back-to—-back PWM converters and its application to
variable speed wind-energy generation”, IEE Proc.-Electr. Applic. Vol.
143, No. 3, May, pp2317241, 1996.

[2] Young-ho Park, “A New scheme to Regulate the Active power
output of Doubly fed Induction Generator in Changing Wind Speed”,
Seoul National University, 2007.

[3] James Larminie and Andrew Dicks, Fuel cell Systems Explained,
Jonh Willey, April, pp67~119, 2005.

- 1175 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


