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Abstract - This paper presents voltage and frequency control methods for a stand-alone Gasa Island Microgrid in South Korea
that can be fully energized by renewable energy resources such as photovoltaic systems and wind turbines. To mitigate the
variations of the output of renewable energy resources and supply more reliable electricity to customers, battery energy
storage systems (BESSs) are employed in the stand-alone microgrid. The coordination between BESSs and pre-existing diesel
generators is an important issue to manage the microgrid more securely. This paper presents voltage and frequency control
schemes considering the coordination of BESSs and DGs. The effectiveness for the operating method is validated via simulation

studies.
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Table 1 Power system parameters in Gasa Island Microgrid
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Table 3 Parameters for diesel generators
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Fig. 5 Block diagram of a exciter model
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(a) Terminal Voltage in RMS [p.u.]
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Fig. 13 Results of Diesel Generator (Case 1): terminal
voltage, load current, rotor speed, active power,
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(a) Terminal voltage in RMS [p.u.]
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Fig. 14 Simulation results of BESS (Case 1): PCC voltage,
load current, active and reactive power, frequency,
and battery SOC
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(a) Terminal voltage in RMS [p.u.]

Vi 901

N

[

-

@

ol -4- -1
~

400 T T
= [ TR o AT
= _zo0 DA S
400 2 3 7 5 s 7

Time [s]
I 15 Bat Alsdold ke (Case 2): GIAE ZAe, &
B, fady, Rady, Fue
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(a) Terminal voltage in RMS [p.u.]
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Fig. 18 Simulation results of BESS (Case 2): PCC voltage,
line current, active and reactive power, frequency,
and SOC
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(a) Terminal voltage in RMS [p.u.]
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(a) Terminal Voltage in RMS [p.u.]
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(e) DG Reactive Power [kVar]

10 T T T T T
= | | !
g 0,,,‘,,,,‘,,,,,‘,,,,,7%“”“%&#»«“%“
X 10 I I I I I I I
[ 3 4 5 6 7 8 9
] (f) Rotor field voltage [V]

100 T T T T T T T
< | | | | | | |
E,‘_50 ”””””””””” f ! l
> 9 I I I I I I I

3 4 5 6 7 8 9

T
_"20

10

J8 20 OEEEY]) AlEdHold Aukte (Case 3): TIAREY,
ARR, SRASE, REMY, BFEdE, o ARV,
ORI (1)

Fig. 20 Simulation results of Diesel Generator (Case 3):
terminal voltage, load current, rotor speed, active
power, reactive power, and field voltage and current

ZA 2
B2 o3 20120% ARXEAIRS Moz SHEoUA]
71€B7MA(KETEP)Q] A9 (No. 20123010020080)2] ¢+
2R LA,

References

[1] N. Hatziargyriou, H. Asano, R. Iravani, and C. Marnay,
“Microgrids,” IEEE power & energy magazine, pp.78-94,
Jul./Aug. 2007.

[2] “Technical and business plan for
microgrids,” Proceedings of microgrid special session,
2013 KIPE General Meeting, July 2013.

[3] W. Chae, H. Lee, S. Hwang, J. Kim, and J. won,
“Overview of KEPCO’s Island Microgrid Project,” The
International Conference on Electrical Engineering 2014,
Jeju-Island, Korea, Jun. 2014.

improvement



(4]

(5]

[6]

(7]

(8]

[9]

T. Tsuji, T. Yamashita, T. Oyama, T. Hashiguchi, and
T. Goda, “A Study on adaptive frequency control
method by multiple DGs in island-type microgrid,”
17th Power Systems Computation Conference, vol. 1,
pp.190-195, August. 2011

R. Sebastian, and R. Pena Alzola, “Simulation of an
isolated Wind Diesel System with battery energy
storage,” Electric Power Systems Research, vol. 81,
pp.677-686, Feb. 2011

G. Li, F. Xiaopeng, L. Xialin, and W. Chengshan,
“Coordinated Control of Battery Storage System and
Diesel Generators in AC Island Microgrid,” Power
Electronic and Motion Control Conference, vol. 1,
pp.112-117, June 2012

M. Shao, R. Liu, and D. Lu, “Control Strategy of
Voltage and Frequency for Islanded Microgrid,” Power
Electronic and Motion Control Conference, vol.3,
pp.2085-2089, June 2012

J. Rocabert, A. Luna, F. Blaabjerg, and P. Rodriguez,
“Control of Power Converters in AC Microgrids,” IEEE
Trans. on Power Electronics, vol. 27, mno. 11,
pp.4734-4749, Nov. 2012.

A. Yazdani and R. Iravani, “Voltage-Sourced Converters
in Power Systems,” IEEE Press, 2010.

[10] S. Krishnamurthy, T. Jahns ,and R. Lasseter, “The

Operation of Diesel Gensets in a CERTS Microgrid,”
Power and Energy Society General Meeting, pp.1-8,
July. 2008.

[11] C. Yoo, I. Chung, S. Hong, W. Chae, and J. Kim, "A

Feasibility Study on DC Microgrids Considering Energy
Efficiency," The Transactions of the Korean Institute of
Electrical Engineers Vol. 60, No. 9, pp.1674-1683, Sep.
2011

[12] Ch. Yoo, I. Chung, H. Yoo, and S. Hong, “A Grid

siEf2l olUiX MEIAE 0|8 SHY ojolaRI2sel Mot Y Fos Hof

Voltage Measurement Method for Wind Power Systems
during Grid Fault Conditions,” Energies, vol. 7, no. 11,
pp.7732-T745, Nov. 20, 2014.

Trans. KIEE. Vol. 64, No. 8, AUG, 2015

Z 4 8 (Sang-Hyuk Kim)
1987 12¢ 1294, 2013¢ =RIthstal
ARG &Y. oA & e [AEs
B AL
Tel : 02-910-5581
E-mail : dungate@naver.com

A 4 ¥ {I-Yop Chung)
1976 3¢ 1694, 1999¢ Algthsty A
71-AFEIESHE E9. 20014, 20008 =
sk Z7)-AFEIE AAL HAL FS.
2005-2007d W= HALIOFE] AL,
2007H-201081 FSU-CAPS ¢7L9l, 20104
9 -3 uithsty AAFEE Ruls
Tel : 02-910-4702
E-mail : chung@kookmin.ac.kr

0

0] 8 & (Hak-Joo Lee)

1966 12 54, 20049 ESdHTistal A
71Esh} £ 19914, 2004 = TSt
H7)1gst AAL HAF FE. 1995 =
AL SIA A MY molaz R
ATFARE HAATA

Tel : 042-865-5982

E-mail : juree@kepco.co.kr

0

N i

A £ 7 (Woo-Kyu Chae)

19779 49 2294, 20048 AHpEohsta
F71Zshl £¢. 20078 EEdjsty FAy|2
shut AALELY] FE, 2014¢ EEOisty A
|Zstt BRAPE =8, 2004E~3A] SHE
M AAETH

Tel : 042-865-5986

E-mail : wkchae@kepco.co.kr

N
o]

Ol

179




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


