Mitsubishi Heavy Industries Technical Review Vol. 52 No. 1 (March 2015)

47

New Generation LNG Carrier "SAYAENDO"
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Commercial Aviation & Transportation
Systems

In recent years, there has been increasing demand for LNG (liquid natural gas), as well as
LNG carriers, both domestically and internationally, with environmental considerations and the
shale gas revolution in the U.S. in the background. Mitsubishi Heavy Industries, Ltd. (MHI) has
developed Sayaendo, a new generation LNG carrier, and is now receiving orders for its
construction. In the midst of this, LNG VENUS, an LNG carrier for Osaka Gas Co., Ltd. and
Mitsui O.S.K. Lines, Ltd., which was the first Sayaendo ordered, was completed. This paper
presents an overview of Sayaendo together with its features.

I 1. Overview of Sayaendo

Sayaendo is a 155000m* MOSS type (spherical tank type) LNG carrier. In contrast to
conventional MOSS carriers, the spherical cargo tanks of which are blanketed with separate
hemispheric tank covers, Sayaendo has a continuous tank cover that covers the cargo tanks. The
nickname Sayaendo comes from its exterior. This carrier, with a continuous cover and spherical
tanks contained thereunder, looks like peas in a pod, known as sayaendo in Japanese.

The adoption of a continuous cover integrated with the hull reduces the weight of Sayaendo
while ensuring overall structural strength. It also significantly mitigates wind pressure from the
front, which becomes resistance to propulsion. The MHI Ultra Steam Turbine Plant (UST), which
has higher thermal efficiency due to the reheating cycle, is used for the main propulsion plant. This
plant, together with the effect of the continuous cover, contributes to the significant improvement
of the fuel economy performance. In addition to the reduction of CO, emissions resulting from the
improvement of fuel efficiency, Sayaendo has superb environmental friendliness, including being
capable of 100% gas-fired operation for all operational areas and the reduction of surplus gas
treatment amount due to the adoption of low boil off rate (BOR: index of gas amount generated by
the introduction of heat) heat insulation.

| 2. Features of Sayaendo

The features of Sayaendo are described below.
2.1 Reduction of hull weight

Conventional MOSS type LNG carriers have separate hemispheric steel tank covers for
aluminum spherical cargo tanks. In this case, the covers are additional components, and the
structural strength is principally ensured by the main hull excluding the covers. Sayaendo has a
continuous tank cover that covers four spherical tanks and which is integrated with the hull,
contributing to the strength. As a result, both the improvement of overall strength and a drop in the
hull weight due to the reduction of additional components are attained.
2.2 Improving transportation efficiency and securing operational versatility

Through the adoption of stretch tanks, which are extended upward with the same diameter as
the spherical tank, Sayaendo attains an additional cargo capacity of 8000m® compared with MHI’s
conventional 147000m? carrier capacity with the beam unchanged, resulting in the improvement of
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transportation efficiency.

Sayaendo has good compatibility with LNG terminals all over the world in consideration of
use for various LNG trades. For this purpose, main dimensions that are approximately the same as
MHI’s conventional 147000m> carrier capacity are kept unchanged through the adoption of the
continuous cover and the stretch tanks. Sayaendo also has main dimensions within the maximum
shape (366m in length over all, 49m in width, and 15.2m of draft) for passing through the New
Panama Canal, and therefore its operational versatility is high.

2.3 Improvement in maintainability

The adoption of the continuous tank cover allows for the simplification of a conventional
MOSS carrier’s complex structure above the tank cover that supports pipes, wires and pathways,
resulting in a significant improvement in maintainability.

2.4 Improvement of fuel economy performance

Sayaendo is applied a newly developed optimal hull form that takes advantage of a reduction
in the hull weight to enhance propulsion performance. In addition, the adoption of the continuous
tank cover has reduced wind resistance while cruising. Furthermore, the UST is used as the main
propulsion plant, resulting in an approximately 15% improvement in efficiency with the advantage
of the conventional turbine plant unchanged.

2.5 Environmental consideration

In addition to the factors for improving fuel consumption described in 2.4, further
improvement of propulsion performance using additional energy saving devices can reduce CO;
per unit load in actual operation by up to approximately 25% in comparison with the conventional
147000m> MOSS carrier. Sayaendo also has environmentally-friendly specifications such as the
reduction of NOx emissions using the UST, the capability of 100% gas-fired operation for all
operations including while in-port, a decrease in the amount of surplus gas treatment due to the
adoption of low BOR heat insulation, and the mitigation of the influence on marine ecosystems
through the use of a ballast water treatment system.

I 3. LNG VENUS

LNG VENUS is the first of two of the same type of LNG carrier built for Osaka Gas Co.,
Ltd. and Mitsui O.S.K. Lines, Ltd., which were the first Sayaendo orders MHI received in October
2011. LNG VENUS was delivered in November 2014 after the verification of the design
performance through a sea trial and a gas test in October 2014. Table 1 shows the principal
particulars and Figure 1 shows the overall layout.

Table 1 Principal particulars of LNG VENUS

LNG tank type MOSS type spherical tank (four tanks)
Cargo tank capacity (m?)
(100% full, -163°C, atmospheric pressure, 155,691
excluding dome space)
Nationality of ship Japan
Classification NK (Nippon Kaiji Kyokai)
Length, between perpendiculars (m) 288.0
Breadth, moulded (m) 48.94
Depth, moulded (m) 26.0
Designed draught, moulded (m) 11.55
International gross tonnage 136710
Service speed (kt) 19.5
Main propulsion plant Reheating marine steam tgrbine plant
(MHI Ultra Steam Turbine plant)

The inside of the continuous tank cover is separated into four hold spaces. The cargo
manifold for connection to ground terminals when loading and unloading is located between the
No. 2 and No. 3 cargo tanks. There is a cargo machinery room at the top of the tank cover between
the No. 3 and No. 4 cargo tanks.

This carrier is equipped with a reaction fin and a twist rudder with a bulb as additional
energy saving devices for the improvement of propulsion performance. In addition, due to the
adoption of a heat insulation system with a BOR of 0.08% per day, a significant reduction in
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comparison with conventional carriers, economical operation can be performed at wide range of
speeds. Furthermore, a rudder that can be steered up to 45 degrees during low-speed cruising, the
bow thruster, and the helicopter deck improve in-port controllability and operability.

Figure 1 Overall layout

| 4. Future prospects

The high energy-saving performance and environmental friendliness of Sayaendo LNG
carriers including LNG VENUS are attracting great interest from the shipping industry. MHI has
been successfully receiving orders and building Sayaendo, which is one of the leading eco-ship
products being actively developed in the Japanese shipbuilding industry. At MHI, eco-ship
products including Sayaendo are positioned as added-value core products that the Ship and Ocean
businesses focus on. MHI will continue to promote further technological development and the
extension of the lineup, including the development of a new carrier to take advantage of shale gas
opportunities in North America.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


