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Moving towards Carbon-neutral 
HV Switchgear by Combining 
Eco-effi cient Technologies

Th e transition towards a carbon-neutral energy system 

requires sustainable equipment and services for the 

power grid. Sulfur hexafl uoride (SF6) technology has 

been very successful by enabling compact, reliable, and 

scalable high-voltage (HV) switchgear. In more than a 

decade of research and development, Hitachi Energy Ltd. 

has developed an alternative technology to SF6 for the 

EconiQ high-voltage portfolio. EconiQ metal-encapsu-

lated switchgear uses an innovative gas mixture with 99% 

lower carbon dioxide (CO2)-equivalent, while retaining 

the compact footprint, low material consumption, and 

scalability of modern SF6 equipment. With excellent 

dielectric and arc quenching properties, the gas mixture 

of fl uoronitrile, CO2, and oxygen represents the solution 

for a complete platform of HV switchgear including cir-

cuit breakers. It can lead the way to an industry standard 

for new equipment. Th e gas mixture enables manufac-

turers and users to build on decades of experience with 

SF6 in dielectric design, gas circuit breaker technology, 

material choice, operational health and safety, and gas 

handling. Additionally, an optimal service was developed 

and implemented for the installed base using the mixture 

of fl uoronitrile, nitrogen, and oxygen. Large volumes of 

1 SF6 in 420-kV gas-insulated lines can be “retrofi lled” in 

existing installations, signifi cantly reducing future CO2-

equivalent emissions. 

(Hitachi Energy Ltd.)

O&M Optimization, Operational 
Risk Reduction of Aging Equipment, 
and Technology Transfer Utilizing 
Digital Technology

In recent years, the importance of substation facilities for 

power plants and key substations has been increasing due 

to the decline in the stability of the power system owing 

to the increase in renewable energy and the tightening 

of power supply capacity. Furthermore, increasing aging 

equipment in the fi eld confl icts with meeting revenue 

cap regulations, reducing equipment maintenance and 

renewal costs while maintaining a sustainable electricity 

supply. In addition, there is an increasing need for condi-

tion assessment for evaluating operational risks of aging 

equipment, and effi  cient measures to maintain and pass 

on expert skills to the next generation.

Hitachi provides the solution for these social issues 

with Hitachi Energy’s online monitoring system, TXpert, 

and modular switchgear monitoring (MSM), which 

enables equipment condition analysis, operational risk 

2

Power Grids

1 Eco-eff icient circuit-breaker for application in SF6-free EconiQ 420-kV gas-insulated 
switchgear
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assessment, and maintenance rationalization solutions, as 

well as a maintenance knowledge support system utilizing 

artifi cial intelligence (AI) to improve operator effi  ciency 

with remote support, digitized know-how, and a knowl-

edge database.

Hitachi also provides a global standard digitalized 

transmission and distribution equipment package, which 

realizes customer value for new substations and existing 

equipment renewal.

(Hitachi Energy Ltd.)

Installation of World’s First 145-kV Dry-type 
Transformer in a Hydro Power Station

Hitachi Energy has collaborated with Duke Energy 

Corporation to renew an old substation at Jocassee Power 

Station, a 780-MW pumped storage plant located in 

Salem, South Carolina (USA). Th e target of the project, 

3

in addition to extending the life of the substation, was 

to eliminate the risk of oil-spill water contamination 

from the 50 year-old transformers located on the shore 

of the lake.

Th e solution involved the development of the fi rst 

145-kV dry-type transformer in the world.* It is a unit 

with a rated power of 3,000 kVA and a nominal voltage 

of 100 kV. Th e project is the culmination of several years 

of development related to the high-voltage insulation in 

dry-type cast-coil transformers.

Th e old outdoor substation was converted into an 

indoor one, freeing the footprint for other uses. Th e 

result is the safest solution for people, property, and the 

environment; with an excellent response to short-circuit 

mechanical eff orts and reduced maintenance costs.

(Hitachi Energy Ltd.)

Microgrid Platform for V2G: Lessons 
Learned from the Arlington Microgrid

Th e year 2022 may be remembered as the year of the 

electric vehicle (EV). Recognizing the importance of 

EVs, one of the USA’s largest public electric utilities, 

Snohomish County Public Utility District (SnoPUD), 

unveiled a state-of-the-art microgrid demonstrating 

how digital technology supports a sustainable future. 

Th e Arlington Microgrid pairs Hitachi Energy’s e-mesh 

PowerStore grid-forming battery energy storage system 

(BESS) with onsite community solar photovoltaic gen-

eration, integrated with a vehicle-to-grid (V2G) enabled 

4

Maintain Plan

Operate Build

Decrease in grid stability
Increase in aging equipment
Increase in service frequency and 
operational costs
Aging human resources

✓
✓
✓

✓

Service efficiency improvement 
and operational cost reduction
Improving investment planning 
efficiency
Human resources development

✓

✓

✓

Sustainable electricity supply
Asset management and operational 
cost optimization
Visualization operational risks
Maintenance and transfer of 
technologies and skills

✓
✓

✓
✓

Trend monitoring
Service planning support
Digitization of service knowledge
Providing training opportunities

✓
✓
✓
✓

Understanding customer challenges

Implementation of the solution

Digital solution proposalO&M
Feedback for next step

Customer value creation by digital solutions

2  Hitachi and utility future vision

3  145-kV dry-type transformer aft er factory acceptance tests 
with customers

* Based on research by Hitachi Energy Ltd.
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EV fl eet. Automation from Hitachi Energy’s e-mesh 

portfolio delivers on the promise of an electrifi ed future—

from resilient power and V2G EVs to critical infrastruc-

ture operating on 100% renewable power.

With Hitachi Energy’s grid edge solutions, SnoPUD 

unlocked the benefi ts of pairing EVs with local solar; the 

vehicles serve as distributed energy resources (DERs) 

for the microgrid while the microgrid serves as a resil-

ient, renewable hub for EVs. In addition to hardened 

EV infrastructure, the microgrid hosts critical facilities 

receiving secure, failsafe power. Th e Arlington Microgrid 

is a milestone in SnoPUD’s journey to catalyze grid edge 

technologies across its service territory and beyond.

(Hitachi Energy Ltd.)

Online Estimation of Dynamic 
Capacity of VSC-HVDC Systems

More effi  cient use of power system assets is becoming 

increasingly important on the path towards a fossil-free 

power system. Hitachi Energy’s pioneering HVDC Light 

is utilized for various applications around the world to 

accelerate the energy transition. Th e dynamic capacity* 

5
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4 Overhead view of the Arlington Microgrid

AC: alternating current   PV: photovoltaic system   
Photo courtesy of Snohomish County Public Utility District.
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of HVDC Light addresses emerging challenges in the 

power systems of the future, such as fl exibility, control-

lability, and resilience, and in general, helps operate the 

power system more effi  ciently. 

Dynamic capacity was tackled from a system perspec-

tive with respect to the infl uence of multiple components 

and their interaction to provide a proof-of-concept relying 

on real-time operational data from MACH information 

management system (MIMS) data loggers installed at the 

high-voltage direct current transmission system (HVDC) 

interconnector, NordLink, in Germany. A software pro-

totype was developed to estimate the dynamic capacity 

depending on ambient temperature and grid voltage to 

improve transmission system operators’ (TSO’s) system 

operations of curative congestion management. In the 

future, such a feature could be utilized as a curative reme-

dial action to reduce the need for preventive redispatch 

measures among others.

Energy Storage Enhanced STATCOM 
for Secure and Stable Power Grids

Th e modern power system is facing stability and reli-

ability challenges due to lack of inertia. Th ese new chal-

lenges create great opportunities to support Hitachi 

Energy’s customers with power quality solutions. Th e 

company launched SVC Light Enhanced in 2021 with 

active power capability and grid-forming behavior. It is 

expected to play a contributing role in supporting its 

customers to achieve required inertia levels in the trans-

mission grid. SVC Light Enhanced consists of the fol-

lowing building blocks: 

(1) Modular multilevel converter (MMC) solution 

enables high power and high voltage integration to 

transmission grid

6

(2) Power-intensive energy storage technology extends 

the conventional MMC static synchronous compensator 

(STATCOM) with an active power capability

(3) Hitachi Energy’s power modular advanced control 

for HVDC (MACH) control platform facilitates system 

integration and control

(4) Grid-forming control capability provides instanta-

neous inertia response and voltage response

SVC Light Enhanced is designed to be: 

(1) an all-in-one solution for the transmission grid that can 

provide diverse functionalities including, but not limited to, 

inertia response, frequency response, voltage regulation, etc., 

(2) a highly fl exible, modular, and scalable solution, 

(3) a preferred solution from the ownership perspective—

compact footprint, low power loss, long lifetime, and 

simple maintenance.

(Hitachi Energy Ltd.)

System Strength Support Using 
Grid-forming Energy Storage for 
High Penetration of Inverter-based 
Resources on Weak Networks

Hitachi Energy and the Australian Energy Market 

Operator (AEMO) collaborated in early 2021 to conduct 

one of the fi rst studies globally into the eff ectiveness of 

virtual synchronous machine (VSM), advanced inverter 

technology to support system strength and enable high 

penetration of renewable energy to operate on weak elec-

tricity networks. Th e study was motivated by the per-

formance of the Dalrymple BESS – the fi rst National 

Electricity Market (NEM) connected advanced inverter 

BESS and the system strength challenges seen in the 

West Murray Zone (WMZ).

According to the study, a 60-MVA VSM and a 

60-MVA synchronous condenser were found to provide 

7
* Temporary capability to perform beyond their guaranteed capabilities.

Power
system

Reactive power

Reactive power

Grid-forming capability 
provides stable operation 
and a robust control

Reactive power is 
dynamically generated and 
exchanged with the network 
to control the voltage and 
respond to emergency 
conditions

Active power is introduced 
to provide inertia and 
frequency grid services

Control 
platform

MMC VSC

Super 
capacitors

Control algorithms 
and system expertise

Enhanced
STATCOM

Active power

Active power+

6 SVC Light Enhanced key building blocks



46

for more than one third of transformer failures every year, 

and thus requires frequent care and maintenance.

Hitachi Energy Research has developed a novel 

method for OLTC operation monitoring on-line and 

a protection function against incomplete tap operations 

based on ordinary protection grade instrument trans-

former signals digitized by modern substation numerical 

protection relays or disturbance recorders. Th us, in most 

cases, no additional sensors, acquisition hardware, or out-

age is required for the implementation.

Th e monitoring algorithms were tested and verifi ed 

based on more than 20,000 fi eld-recorded tap operations 

of a few diff erent tap changer models and they are able 

to extract monitoring parameters with enough precision 

to observe subtle diff erences in each contact position of 

certain tap changer models and also to monitor long-

term trends. Th e protection function is designed in such 

a way that it can be implemented on a modern numerical 

similar system strength support in damping post-fault 

voltage oscillations in the WMZ. As such, a VSM is 

a viable solution for connecting and operating large 

amounts of renewable energy in weak areas of the 

NEM, with the added ability to provide market services. 

Th e results have moved the industry’s understanding of 

advanced inverter technology forward signifi cantly and 

reinforced this technology’s key role in enabling a zero-

emissions grid.

(Hitachi Energy Ltd.)

On-load Tap Changer Monitoring 
and Protection by Extra Power Loss 
and Circulating Current Analysis

Th e on-load tap changer (OLTC) used for voltage regula-

tion is the only moving part of a transformer, accounting 
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visibility and insights of the assets in the substation that 

will require operation and maintenance during the entire 

life cycle of the substation.

(Hitachi Energy Ltd.)

Computing Intelligent Insights about 
Station Subsystem Health with 
Data Analysis and Lean IIoT

With the main focus on ensuring availability, the top-

most priority for transmission network operators is to 

ensure a high level of in-service availability in HVDC 

stations. Th us, more work is needed towards condition 

monitoring and predictive maintenance for HVDC sys-

tems considering the latest technology improvements. 

Th e traditional scheduled maintenance approach is a weak 

concept and new approaches and strategies are being 

explored and adopted. With the industrial IoT (IIoT) as 

an enabler for digital transformation, new business mod-

els and services are emerging on data analytics platforms 

for both greenfi eld and brownfi eld stations. One such 

computationally promising solution is the application of 

data-driven approaches using machine learning (ML) 

algorithms where several advanced, effi  cient, and intel-

ligent learning algorithms are developed based on many 

real use cases. Th ese algorithms are used to analyze the 

condition of equipment and its components in complex 

HVDC domains such as to detect anomalies upfront in 

transformer tap changers based on tap switching data, 

10

protection relay, meeting the standard requirements for 

such an environment.

(Hitachi Energy Ltd.)

Integration of Digital Substation IoT 
Sensor Data into a Digital Enterprise

With the increasing interest and implementation of digi-

tal substations, the amount of digital information coming 

from substations has dramatically increased. Asset owners 

are realizing that intelligent electronic devices (IEDs) 

are becoming an equally important asset to be managed 

with full support of enterprise asset management and 

online connectivity to the installed base. Th eir health 

condition must be analyzed from cybersecurity and other 

aspects with full traceability of condition monitoring and 

changes happening in the asset lifetime. Th e fl eet of IED 

assets will further increase. Th erefore, it is crucial to focus 

on assets with highest risk and importance. Th is will 

ensure that resources and people are used more eff ectively. 

Additionally, cybersecurity regulation is one of the 

main drivers and requires asset owners to ensure they 

know the asset status and risk related to it. Connecting 

digital information to utility enterprise business processes 

enhances the operation and maintenance of assets in the 

substation. For digital assets like IED, this is required to 

comply with cyber-security regulations. Th e proposed 

concept of integrating IEDs into existing Lumada  

Asset Performance Management (APM) will create new 

9
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range of areas including not only HVDC power assets, 

but also at the system level since health indicators may 

vary depending on the application [e.g. fl exible alternat-

ing current transmission systems (FACTS)] and location 

profi le (e.g. off shore, onshore). Th us, maintenance can be 

carried out in response to the observed degradation in 

the component condition.

(Hitachi Energy Ltd.)

a deep learning classifi er to detect faults in the station, 

quick leakage detection in HVDC valve cooling systems 

with the goal of developing a robust ML algorithm to 

detect small leaks accurately, detecting large leaks more 

quickly than traditional methods, avoiding false positives, 

and many other use-cases.

Such methods to detect anomalies could be used to 

create advanced maintenance services spanning a wide 

Methods
Training time

(min)
Device

XGBoost FFNN GRU-Att StemGNN T-VAE

XGBoost

Methods

Leak detection delays on new data validation

FFNN

GRU-Att

StemGNN

T-VAE

Relevel

< 1

CPU

10%

3%

XGBoosd
FFNN

GRU-Att
StemGNN
T-VAE
Relevel
Current

XGBoosd
FFNN

GRU-Att
StemGNN
T-VAE
Relevel
Current2%

1%

0 2 4 6
Average detection delay (days)

10%/day leak detection results

Le
ak

in
g 

ra
te

 (d
ay

-1
)

Av
er

ag
e 

de
te

ct
io

n 
de

la
y 

(d
ay

s)

8 10 12

0.5%

0.3%
0.3% 0.5% 1% 2% 3% 10%

5.33 2.07 1.31 0.76 0.38 0.19

6.23 4.24 2.96 1.54 1.06 0.33

10.52 5.44 3.94 2.72 1.85 0.58

6.51 4.03 2.92 1.94 1.78 0.58

11.46 5.67 3.60 2.60 1.79 Pink shade denotes big leak detection is first triggered, 
while blue shade denotes small leak detection is first triggered

0.83

6.81 2.05 1.22 1.01 0.74 0.22

0.3

0.4

0.5

0.6

0.7
< 1

CPU

up to 3

CPU

up to 10

GPU

up to 30

GPU

10 Sample results on leakage detection

CPU: central processing unit   GPU: graphics processing unit



<<
  /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




