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Work on Implementing Power System that Supports
Society 5.0

Proposals are being put forward about the future energy system for Society 5.0. In June
2016, Hitachi established its Hitachi-UTokyo Laboratory as a new scheme for collaborative
creation between industry and academia. Against a background in which an unstoppable
shift is taking place toward a new system that includes wider use of renewable energy,
greater use of distributed energy supplies, digitalization, and electrification, this laboratory
is identifying the technical challenges as well as the policy and regulatory issues and devel-
oping common understandings of the problem with other stakeholders, while at the same
time making this work public’.

Amid rapid changes in the structure of the economy, society, and industry, there is a
need for energy systems that suit their local communities, working in harmony with a vari-
ety of other infrastructure. Because of the regional variations and fluctuations over time
that come with the adoption of renewable energy, it is difficult to limit the management
of energy supply and demand and its pricing to single communities. Bulk power systems
tie together a number of communities and act to coordinate the system as a whole. The
division of roles between bulk power systems and community energy systems is no longer
unchanging. Hitachi intends to rebuild those systems on the basis of their coexistence.

* “Toward Realizing Electricity Systems to Support Society 5.0,” Hitachi-UTokyo Laboratory.
http://www.ht-lab.ducr.u-tokyo.ac.jp/2018/04/18/20180418ht-lab-forum/ (April 18, 2018), in Japanese.

*Restructure local communities and bulk power systems which to coexist
*Establish a collaborative mechanism integrating rapidly increasing
distributed resources
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* 3E+S: energy security (degree of self-sufficiency), economic efficiency (cost of electric power), environment (greenhouse gas emissions), and safety

El Overview of energy system that supports Society 5.0
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Energy System Evaluation Platform for Communities and
Bulk Power Systems

Hitachi is working on putting together a platform for the analysis and evaluation of energy
systems across all areas of society, especially electric power, in order to manifest the roles
of local communities and bulk power systems.

Hitachi has previously developed a wide-area stability simulator for the purpose of eval-
uating policies for encouraging greater use of renewable energy in terms of their technol-
ogy and benefits. Along with the balancing of supply and demand in the presence of large
amounts of renewable energy, the simulator is also able to investigate how much renewable
energy can be installed in practice and the extent of output suppression needed based on
consideration of transient stability in the event of faults in different parts of the grid.

In the future, Hitachi intends to extend this into cross-industry applications beyond
the energy sector, including things like integration with mobility systems as well as power
distributers and consumers, and to build and make available evaluation environments in
the form of cyber-physical systems (CPSs).

In this way, Hitachi intends to establish an environment in which the energy systems
that support the world of Society 5.0 can be evaluated and use it as a platform for debating
new worldviews with numerous stakeholders to come up with solutions.
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Evolution of energy system evaluation platform

B Next-generation Nuclear Power Generation System

Using the widely used boiling water reactor (BWR) as a base, Hitachi is proceeding with
the development of a nuclear reactor that satisfies society’s need for better economics and
reducing the environmental impact of spent fuel.

The resource-renewable boiling water reactor (RBWR) is intended to make more effec-
tive use of resources and to reduce the environmental impact of spent fuel. The RBWR
features tightly packed fuel rods and utilizes the boiling of the coolant inside the reactor

A843ug %3 Jomod :uoireaouu| ASojouyda|

(the feature that gives the BWR its name), to minimize the deceleration of neutrons due
to collisions with cooling water and thereby to increase the neutron energy over that of a
conventional BWR. This enables the reactor to reuse the transuranium elements such as

113
Hitachi Review Vol. 68, No. 2 240—241




plutonium and minor actinide that are contained in spent fuel and are responsible for it
remaining radioactive for such a long time.

The BWRX-300 is a small modular reactor with an output of 300 MW that is being
jointly developed by the US company GE Hitachi Nuclear Energy and Hitachi-GE Nuclear
Energy, Ltd. Whereas past practice with BWRs has been to take advantage of economies of
scale by building larger reactors such as the advanced boiling water reactor (ABWR), there
has also been a rising demand in recent years for small reactors due to grid constraints and
a desire to minimize the upfront investment risk. By utilizing the same configuration as the
BWR, whereby steam from the reactor is fed directly into the turbine generator, to simplify
the reactor design and reduce power plant construction, operating, and maintenance costs,
the objective for the BWRX-300 is to combine smaller size with a lower cost of generation
per unit of output.

Hitachi is contributing to lower construction costs mainly by drawing on its past experi-
ence with small reactor development to optimize the modular construction and use system
analysis techniques to make the plant smaller.
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Bl Development of BWR that meets needs of society

n Improved Energy Production of Wind Farm by Wind
Turbine Control Technology Considering Wake Effects

Customer demand for improved energy production from wind farms is increasing because
of changes in feed-in tariff rates and the number of suitable sites for wind turbine construc-
tion is decreasing.

This has resulted in the construction of wind farms that are crowded with wind tur-
bines, creating a problem with decreasing energy production due to decreased leeward
wind velocity caused by wake effects. Hitachi developed a wind turbine control technology
which increases the total amount of electric power produced by a wind farm. This con-
trol technology is using power limit control which takes wake effects into consideration.
Control is applied to the windward wind turbines as the leeward wind turbines recover
wind speed and power.

A demonstration of the technology was begun in April 2018 using three 2-MW down-
wind turbines at a wind farm belonging to Chubu Electric Power Co., Inc. According to the

114




results obtained between April

and July, Hitachi confirmed Without control New control technology
the reduction of the influence Wind speed

. . Wake i Output-limited turbine Recover wind speed
of wake effects using this con- High P P

trol. And, a 4.1% increase in Wind I Wind
the amount of power gener-
ated during times when wake Turbire

effects were present (relative to Simulation Low Simulation | 41% increase

past data). The meaning of this 10 Total output for 10 Total output for
. . . = three turbines: 2.71 pu 5 three turbines: 2.82 pu
result is a 1% increase in annual e Power down dus to wake e T
. 0.9 09
energy production. é ;’? output power Recovering
. . . output power
This demonstration will con- o o
. . . 08 0.8
tinue to verify the influence of #1 # #3 #1 P #
Measurements Measurements

control parameters to increase
energy production.

B Results of simulation and actual measurements of control technology for improved
energy production

Operation and Management System for Smart Meters
Using HAF/EDC for High-speed Calculation and Updating
of Power Metering

The electricity industry is seeing accelerating moves toward the real-time collection and
analysis of data from smart meters and sensors and its use in applications such as demand
prediction and maintenance services. Against this background, Hitachi has developed an
operation and management system that uses the Hitachi Application Framework/Event
Driven Computing (HAF/EDC) distributed execution platform’ for the high-speed collec-
tion, calculation, and storage of power metering data from smart meters.

This application receives tens of millions of power metering data records at 30-minute
intervals from a network of smart meters via a head-end system. These need to be collated
against past data and the differences calculated within a short timeframe, with the retrieval
and saving of data in a data lake having the potential to become a bottleneck. The head-end
system also requires a rapid response and measures to prevent loss of data.

To achieve this, Hitachi developed a multi-level execution technique for synchronous
and asynchronous processing that, along with the distributed execution of data retrieval
and storage on HAF/EDC, splits operations into those that require synchronous execu-
tion during the time between receiving metering data and sending a response and those
operations for which this is not required, and is able to tie these two different types of
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B Updating and calculation of power metering data from smart meters

115
Hitachi Review Vol. 68, No. 2 242243




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


