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Smart Green Power Node

GRAPES researchers have devel-
oped a “smart green power node,” a
combination of electronic power
converters, power routers, and con-
trol algorithms that put the “smart”
into residential power systems.
“Dumb” power systems have been
the standard for the past 100 years,
with power cables running to
everything that needs power and
everything using power whenever
we or it wants to. But emerging
electronic and information capabili-
ties, new energy resources and new
environmental priorities have cre-
ated a need for better ways to inte-
grate renewable energy systems,
energy storage, and time-of-use
power management into simple-to-
use systems that will consume
energy more wisely while minimiz-
ing the cost and environmental
impacts of our energy consump-
tion.

The Smart Green Power Node does this by directing the flow of electric power from resources such as solar
photovoltaic or wind to storage batteries or to the house wiring, and it coordinates the operation of various
smart appliances on the home’s power network. The thermostats of heating or air conditioning systems
and of water heaters and of the on/off status of deferrable appliances such as clothes washers or dish wash-
ers are managed by the Smart Green Power Node so as to optimize system efficiency, minimize energy cost,
and maximize comfort and convenience of the homeowner. Maximizing essential consumption (by run-
ning appliances or storing energy in the battery) when power is cheap or readily available (e.g., the sun is
shining), and minimizing grid consumption (by turning appliances off or by powering essential appliances

The many control channels of the Smart Green Power Node control 
module evoke notions of the larger power control channels that 
route electric power between sources, loads, energy storage systems 
and the grid. Such optimal power routing minimizes energy costs for 
the consumer.
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from the battery) when power is expensive (e.g., during load peaks) or not available (e.g., nighttime or no
wind), minimizes the total cost of power for a homeowner.

The Smart Green Power Node contains electronic devices that convert dc power from batteries or photo-
voltaic panels to the 120 V or 240 V ac power that is used in homes. And it contains computing hardware
and software that collect information from the internet - things such as weather forecasts and current or
future (e.g., next hour, next day) prices for electric power - and information from a home’s occupants -
things like patterns of electric power use and comfort settings - which inform the node’s decisions on when
and where to send power. The demonstration unit is rated at 2 kW. Although this is less power than a typi-
cal home often uses, this size maximizes the “bang for the buck” in terms of return on investment. But the
system is modular so a homeowner who wants greater power capability can simply plug in more power
modules. Likewise, the storage battery can be sized to maximize the return on investment when consider-
ing the local prices of electric power, the lifestyle and energy use habits of the homeowner, and the avail-
ability of renewable energy sources. At less than $1/W now, and perhaps far less when produced at
commercial scale, the Smart Green Power Node is a low-cost mechanism for maximizing energy utility.

The Smart Green Power Node has been an exemplary study in cooperative work between the two sites of
the GRAPES center. More than 15 students in total have played a role in its development, with various
aspects of the research and development done at each site.  From business case analyses, to power circuit
design, from network connectivity to decision-making algorithms, from simulation-based analyses to cost-
conscious design of power converters, the many parts of this puzzle could only be completed by relying on
the broad intellectual and human resources of the two institutions. Furthermore, this project has had the
most consistent support from a broad base of center members - from electric utilities to equipment manu-
facturers to semiconductor manufacturers - everyone understands and appreciates the tremendous prom-
ise of this system.

The SGPN will change the way that residential power customers use electricity.  It will simplify the integra-
tion of renewable resources such as solar and wind, and it will make smart energy use more feasible for the
average power consumer. It will also enable more effective use of the existing power grid by incorporating
battery energy storage through one simple off-the-shelf solution.

Economic Impact: The potential economic impact of the Smart Green Power Node is enormous.
In the US alone, residential electric power consumption totals roughly 1000 kW hours per month
per home which costs the 125 million residential energy consumers $160 billion per year. If the
Smart Green Power Node reduces power bills by only 10%, that would amount to $16 billion of
energy savings per year. Not just savings in dollars would result, but also there would be savings
in the offset costs of building new power generating facilities and in reduced CO2 emissions over-
all. While in the U.S, the average residential price for electricity ranges from $0.10/kW hour to
$0.36/kW hour, global prices tend to be much higher and therefore payback will be even more
rapid in these other regions of the world. And then there is the land beyond the edge of the grid;
in undeveloped regions the Smart Green Power Node can serve as a stand-alone micro-grid,
being the one and only source of reliable power. The actual cost savings that homeowners will be
able to realize from this system varies widely and depends on the pricing structure for electric
power, the lifestyle and habits of the homeowner and the local climate. Case studies indicate that
payback periods will range from several years to a decade or more. Outcomes will be strongly
affected by decisions of governmental regulatory commissions. While there is great uncertainty
in many of the essential circumstances, two trends are virtually certain: future prices of electric
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power will be higher than today’s prices and prices will become more volatile, changing on sea-
sonal, daily and hourly schedules. Both of these trends will make this system become more and
more valuable.

For more information contact Roger Dougal, 803.777.7890, dougal@cec.sc.edu, or Alan Mantooth,
479.575.4838, mantooth@uark.edu.
 2014 Compendium of Industry-Nominated NSF I/UCRC Technological Breakthroughs   169



170     2014 Compendium of Industry-Nominated NSF I/UCRC Technological Breakthroughs 


	GRid-Connected Advanced Power Electronic Systems (GRAPES)
	Smart Green Power Node



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


