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Abstract - This paper performs a comparison analysis of two types 
of HVDC system in Jeju power system. A traditional HVDC 
transmission system had been composed of line commutated converter 
based on thyristors and the development of semiconductors enables to 
apply voltage source converter using IGBTs. The detailed parameters 
of Jeju power system were considered to make a similar condition 
with real system in real time digital simulator. Two types of HVDC 
transmission system were modeled and simulated to compare their 
characteristics in Jeju power system. The simulation results 
demonstrate that the VSC-HVDC system has more stable 
performance due to the fast response speed than LCC-HVDC when 
the transmission capacity was fluctuated.  

1. Introduction

  Since the first commercial HVDC system was constructed by ABB 
between the mainland of Sweden and Gotland, more then 50 projects 
of HVDC system have been completed in the world. Korea Electrical 
Power Corporation installed a HVDC system using submarine 100 km 
DC cable from Haenam S/S to Jeju S/S in 1998.
  A traditional HVDC transmission system had been composed of 
line commutated converter (LCC) based on thyristors [1]. With the 
development of semiconductors and control equipments, HVDC 
transmission with voltage source converter (VSC) based on IGBTs is 
possible to be serviced commercially [2]. 
  Jeju island became known as the suitable place for wind power 
generation system in Korea. As a wind power has been concerned as 
one of the major renewable energy resources, the installation of wind 
turbine has been increased rapidly. However, the week electrical 
power utility of Jeju island limits installation of wind power 
generation system due to grid instability by fluctuation of wind 
power. A HVDC system is indicated as the method by converting 
AC to DC to solve this problem [3]. 
  In this paper, the two types of HVDC system were simulated and 
analyzed using real time digital simulator (RTDS). LCC-HVDC and 
VSC-HVDC systems were designed to connect wind power 
generation system and Jeju utility. The detailed parameters of Jeju 
power system were applied to the modeled Jeju power utility in 
RTDS to make the actual grid condition for a simulation of HVDC 
system. Transmission capacity of HVDC system is changed from 60 
MW to 30 MW to verify the response characteristics of VSC-HVDC 
and LCC-HVDC. The simulation results demonstrate that the 
VSC-HVDC system is proper in Jeju power system with wind 
turbines. The VSC-HVDC system can transmit electrical power with 
fast response time than LCC-HVDC when the transmission capacity 
is fluctuated.

2. Characteristics of LCC and VSC HVDC system

  There are two kinds of conversion system for HVDC transmission. 
The first one is LCC-HVDC using thyristors. The major merit of 
LCC-HVDC is that it can be operated with high current due to a 
high current capacity of thyristor. Additionally LCC-HVDC has a 
long life span and high operational reliability. LCC based HVDC 
transmission has a reliable track record of over three decades and 
currently the largest installed LCC-HVDC system is the 6300 MW 
±600 kV Itaipu link in Brazil [4]. However, LCC-HVDC needs an 

extra reactive power compensator due to consumption of reactive 
power from LCC. 
  The other is VSC-HVDC using IGBTs. IGBT converter can 
connect a wind power generation system which causes a fluctuation 
of frequency of grid with a weak AC grid because it can control 
active and reactive power independently. A VSC-HVDC system 
doesn't need extra grid stabilizer by controlling of reactive power. 
Also, the VSC-HVDC system is easier to design and more compact 
than the LCC. Differences between LCC and VSC HVDC system are 
presented in Table 1 [5].
 
  <Table 1> Comparison of LCC and VSC HVDC system

Aspect LCC VSC

Power electronic 
device Thyristor IGBT

Convertor cost Cheap Expensive

Power losses Small Big

Control of reactive 
power Normal Small

Operation with 
passive AC 
network

Bad Good

Land usage Bad Good

Long-distance
transmission Possible Impossible

3. Design of HVDC system

  3.1 Jeju power system
  The power system of Hanlim area in Jeju island is modeled with 
detailed properties in RTDS. The designed system includes three 154 
kV substations, three gas turbine generators and a wind farm. The 
modeled three generators has 135 MW power capacity and are placed 
in Hanlim C/C. Each HVDC system connects Hanlim C/S with 
Hanlim S/S and 120 MW load is connected to the Sinjeju and 
Andduck S/S. Fig. 1 shows the modeled Jeju power utility including 
HVDC transmission system in RTDS. The specifications of medeled 
Jeju power system are presented in Table 2.

<Fig. 1> Modeled Jeju power system
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<Table 2> Specifications of modeled Jeju power system 

Hanlim HVDC AC network
DC voltage 80 kV Gas turbine #1 45 MW(Hanlim S/S)

DC current 750 A Gas turbine #2 45 MW(Hanlim S/S)

Main 
transformer

154/34.2 kV 
60 MVA

Steam turbine #1 45 MW(Hanlim S/S)

 0.12 Wind farm 20 MW(Hanlim C/S)

  
  3.2 LCC-HVDC system in Jeju
  Fig. 2 displays the circuit diagram of LCC-HVDC system. A 
bipolar classic HVDC system consists of AC filters, shunt capacitor 
bank or other reactive-compensation equipment, transformer, thyrister 
converters, DC reactors, DC filters, and DC cables. The DC-link 
voltage is 80 kV and the current is 750 A. Transmission capacity is 
60 MW. LCC-HVDC system is controlled with firing angle. The 
normal HVDC control structure is power control in the rectifier and 
extinction angle control in the inverter. 

<Fig. 2> Circuit diagram of LCC-HVDC

  3.3 VSC-HVDC system in Jeju
  Fig. 3 presents the circuit diagram of VSC-HVDC system. A 
typical VSC-HVDC system consists of AC filters, transformers, IGBT 
converters, phase reactors, DC capacitors and DC cables. The 
DC-link voltage is 80 kV and the current is 750 A. Transmission 
capacity is 60 MW. The VSC output is determined electronically by 
control of high frequency, kHz range pulse width modulation (PWM). 
The control of PWM makes it possible to create any phase angle or 
amplitude within ratings.

<Fig. 3> Circuit diagram of VSC-HVDC

4. Simulation and the results

  The two kinds of HVDC system explained in previous section were 
designed by RTDS. The rectifier of HVDC system was connected 
with Hanlim C/S which includes wind power generation systems and 
the inverter of HVDC system was connected with Jeju power 
system. The modelled HVDC systems were simulated to observe 
their response time when the transmission capacity through the 
HVDC was changed from 60 MW to 30 MW.
  Fig. 4 and Fig. 5 present the DC current and voltage of 
LCC-HVDC and VSC-HVDC, respectively, when the transmission 
capacity was changed from 60 MW to 30 MW. It takes about 16 
seconds to decrease the transmission capacity in case of the 
LCC-HVDC as shown in Fig. 4. On the other hand, the VSC-HVDC 
system takes about 1 second to reach the changed capacity as given 

in Fig. 5. According to the simulations results, the rapid speed of the 
VSC-HVDC system improves power stability and quality through 
control of active and reactive power. 
 

<Fig. 4> The current and voltage of LCC-HVDC 

<Fig. 5> The current and voltage of VSC-HVDC 

5. Conclusions

  In this paper, LCC and VSC type of HVDC transmission systems 
in Jeju power system are modeled and simulated to compare their 
performance with the variation of wind power. The simulation results 
present that the VSC-HVDC system tracked changed power capacity 
within 1 second and LCC-HVDC system tracked within 16 seconds 
when the power capacity of HVDC system is dropped from 60 MW 
to 30 MW. Therefore, it is verified that the VSC-HVDC system has 
more stable performance due to its fast response speed with the 
variation of wind power than LCC-HVDC system. A comparison 
study between two types of HVDC system with real wind speed data 
will be progressed to analyze their efficiency under actual condition 
in the near future.

[Acknowledgment]

This work was supported by Korea Electric Power Corporation.

References

[1] S. cole, D. Van Hertem, L. Meeus, and R. Belmans. 
"Technical developments for the future transmission grid," 
ICEMS, pp. 1-6, Nov. 2005

[2] U. Axelsson, C. Liljegren, and, K. Eriksson, "Gotland  
HVDC Light transmission-world's first commercial small 
scale DC transmission,"  CIRED Conference, May. 1999

[3] J. H. Kim, P. Van-Hoan, E. L. Kim, S. H. Kim, S. B. Oh, 
Y. H. Kim, and G. S. Jang"Analysis of power quality on 
wind power fluctuation during HVDC overhaul period in Jeju 
island power system,"  IPEMC, pp. 2265-2268, May. 2009

[4] R. Rudervall, J. Charpentier, and R. Sharma, "High Voltage 
Direct Current (HVDC) Transmission Systems Technology 
Review Paper," in energy week, pp. 1-18, Mar. 2000

[5] C. K. Kim, V. K. Sood, G. S. Jang, S. J. Lim, and S. J.    
   LEE, “Other converter configurations for HVDC Transmission,”   
   John Wiley & Pte Ltd, 2009



<<
  /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


