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Transmission Efficiency Initiative:

Host Demonstration Project
Voltage Control Optimization to Help Reduce Transmission Losses

Substation Control

Project Scope

As part of EPRI's Transmission Efficiency Initiative, Southern
Company is evaluating a possible demonstration of voltage
control optimization to help reduce transmission losses.

Southern Company will provide historical, reakime power
flow cases and operations expertise fo support EPRI in
assessing potential incremental benefits of more frequent
opfimization of voltage schedules. Potential gains in voltage
support could be compared with gains achieved through
simpler, less costly, static voltage control approaches.

Technology Description

Voltages affect the flow of reactive power in the grid. Changes
in the flows of reactive power have a strong influence on sysfem
losses. Thus, adjusting voltages can have a significant effect on
losses. Also, appropriate management and control of reactive
power in the grid allows maximization of the amount of real
power that can be fransferred across congested transmission
lines. Otherwise, reactive power [more than necessary) flows in
the grid consuming fransmission and generation capacity,
hence limiting the system'’s ability to move real power.

o Demonstrate the benefits of voltage profile
optimization.

¢ Implement an enhanced voltage scheduling
process that allows adapting the optimal
voltage profile to the changing operating
conditions.

¢ Increase the voltage stability and system
reliability.

e Reduce losses by minimizing loop currents
and keeping a low voltage profile.

Southern Company and, in general, almost all North
American grid operators, control transmission voltages and
reactive powers principally in a decentralized fashion af the
power plant/substation level. In the control center,
fransmission system operators provide the generafor operators
with hourly voltage schedules to maintain at high-side
generafor inferconnecting fransmission bus and switch
fransmission banks of shunt capacitors or reactors. The
fransmission operators’ manual control actions are
coordinated with aufomatic reactive power control actions
such as automatic voltage (or VAR flow) controlled distribution
and transmission capacitors, the action of onload tap
controllers and flexible ac fransmission system controllers.

Southern Company performs offline optimal power flow
studies fo develop system voltage schedules for different
system load conditions. Voltage profile targets are then
communicated to generators for them to sef voltage control
objectives for their units. Studies have shown that 52 MW of
loss reduction can be achieved by optimizing voltage across
the network as compared to a flat voltage profile. Benefits of
an optimized voltage profile include higher dynamic and
static reserves, higher voltage stability margin, and lower line
and transformer loadings.



Southemn Company conducts voltage schedule analysis
through offine studies on a regular basis. However, because
system operation conditions continually change, voliage
profiles defermined in the offline studies might not necessarily
represent optimal conditions for all the possible operating
states, One alternative for adapting voltage control objectives
to the everchanging operating conditions is fo implement a
hierarchical, dynamic voltage control system. This would be a
centralized confrol system, installed in the grid control center,
that defermines optimal voltage across the grid and
automatically and remotely adjusts the sefpoints of the primary
voltage controllers. Such a technology is being applied by
system operators in Asia and Europe, but it has not been
applied yet on the North American grids. The incremental
benefits of a continuous optimization approach versus a static
approach have not been assessed.

Another alternative would be to enhance the existing voltage
scheduling process by performing nearreakime optimal
power flow simulations and using the results to send updated
voltage setpoints to online generators. In that way, opfimal
voltage profile would more closely follow variations in system
operating conditions. One shortcoming of this alternative is
that it increases coordination with generators. Thus, the
benefits of increasing the frequency of voltage setpoint
updates must be contrasted against the higher costs,
complexity, and operating challenges of reaktime
opfimization.

Expected Benefits

One or more of the following benefits might be realized
through the application of this technology:

e lower real and reactive losses

o lower CO, emissions and fuel savings

e Higher voliage stability margin

e Better use of reactive power resources

e lower line and fransformer loadings

Challenges and Limitations

e Increased complexity of coordination between system
operator and generators

e Operating challenges to follow and control voltage target
updates

Project Plan

e Southern Company will support EPRI with operating data
and expertise fo assess the enhanced voltage scheduling
pofential.

e EPRI will apply the demonstration and loss reduction
verification profocol developed as part of the initiative to
document the impact on loss reduction and utilization
improvements.

e The non-proprietary results of the project will be published
within the framework of the Green Transmission Initiative.

The schedule of the project fasks is proposed as follows:

1. Southern Company will work with EPRI to identify
appropriate hisforical, reakime power flow cases for
postmortem optimal power flow analysis by EPRI.

2. Southern Company will provide EPRI with targef vollage
schedules for the provided power flow cases.

3. Southern Company will provide EPRI with a list of the
known transmission and generation bus voltage level
constraints.

4. EPRI will analyze the historical, reaHime power flow
cases fo quantify any additional real or reactive power
efficiencies. EPRI might potentially quantify the extended
voltage stability margins through a more optimized
voltage schedule, taking info account potential device
accuracies and the action of existing reactive, automated
controls. I applicable, EPRI will ensure that secure
operating sfafes for N-1 conditions are maintained.

5. Final project report, date to be defermined.

April 2010

Electric Power Research Institute

3420 Hillview Avenue, Palo Alto, California 94304-1338 ¢ PO Box 10412, Palo Alto, California 94303-0813 USA

800.313.3774 « 650.855.2121 * askepri@epri.com * www.epri.com

© 2010 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF ELECTRICITY are registered service

marks of the Electric Power Research Institute, Inc.




<<
  /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


