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Real-Time Apps?

» Retriever uses a power flow case to link
real-time data to power system objects and
to displays those values on diagrams.

— In some installations the entire state estimation
data set 1s retrieved.

» Can we solve a power flow with the real-
time data?

» Can PowerWorld make 1ts applications
available for real-time? ISONE Project.



1.

2.

Outline

Demystify the relations between power
system EMS models and planning models.

Show how an EMS model can be
represented as a planning case.

. Introduce the Same-Model Topology

Processing algorithm.

. Present an architecture to enable using

existing applications in real-time.



EMS and Planning Models

» Two different power systems models:
— EMS systems use a Full-Topology Model
— Planners use a Consolidated-Topology Model




EMS and Planning Models

* Today, EMS and planning models remain
largely mncompatible.

» Even with great advances 1n computer
networking, communications, databases,
and software engineering, the models in one
environment are essentially useless 1n the
other.



EMS and Planning Models

* In the planning side there 1s a de-facto
standard, PSSE.

* In the EMS industry each vendor uses
internal modeling and formats.

— During the last decade, a major effort has

resulted in the Common Information Model
(CIM)

— CIM 1s starting to be used for data exchange,
but remains to be used for the EMS core
routines.



EMS and Planning Models
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EMS and Planning Models

* The 1rony 1s that internally, EMS systems
must use a bus-branch consolidated model
to obtain the numeric solutions of state
estimator and power flow.

» Topology Processing 1s used to obtain the
internal bus-branch consolidated model.



EMS and Planning Models

 All these different models and formats are
not needed, at least not 1n order to study the
power system 1n real-time.

* Why would you need so many different
models to describe one real-time process
anyway"?



Topology Processing

» Real-Time Model e Planning Model
— Node/breaker
~ Full topology — bus/branch
— Consolidated
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Node Groups in a 52-Node Case
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Topology Processing

* [If a planning case had information about the
nodes, breakers, and breaker statuses, i1t 1s
perfectly possible to replicate the solution
of a real-time power flow and to do so
consistently over time.

* Note that resolving the topology of the EMS
model 1s the only step needed to make EMS
and planning cases compatible.
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Same-Model Topology
Processing

11-Node Full-Topology Case
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Same-Model Topology
Processing

* The real-time system can be modeled using
the existing planning standard format:

— Bus-bars, junctions, nodes can be modeled as
buses

— Circuit breakers and disconnects can be
modeled as low-impedance branches.

* No changes to the format are needed.
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Same-Model Topology
Processing

Branch Records in Planning Format

X Line and Transformer Records | 3 Branches State

E En k%R 2% | i ?&n | m Records = Geo * Set~ Columns =~ Eg- |go- f

HOR.:: ¥| From To  |Circuit |Status [Xfrmr R ‘ X B Lim A& MVA

From Mumber |Mumber
1|Line 10 8 1 Closed Mo 0.0100  0.0500  0.020 150.0
2|Line 1 3 1 Closed Mo 0.0120  0.0600  0.100 300.0
3|Line 9 11 1 Closed Mo 0.0150 0.0300  0.030 150.0
4|Breaker 3 2 1 Closed No 0,0000  0.0001  0.000 0.0
5 |Breaker 11 3 1 Closed Mo 0.0000  0.0001  0.000 0.0
& |Breaker & 2 1 Closed Mo 0.0000  0.0001  0.000 0.0
7 |Breaker 2 8 1 Closed Mo 0.0000  0.0001  0.000 0.0
8 |Breaker 7 2 1 Closed No 0,0000  0.0001  0.000 0.0
9 |Breaker 2 91 Closed Mo 0.0000  0.0001  0.000 0.0
10 |Breaker 10 11 Closed Mo 0.0000  0.0001  0.000 0.0
11|Breaker 1 41 Closed Mo 0.0000  0.0001  0.000 0.0
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Same-Model Topology
Processin

Device Node “Relocation”
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Same-Model Topology
Processing

System Representation after Device Relocation
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Same-Model Topology

Processin

Full-Topology Jacobian

Mumbellacoll Angle | Angle [ Angle [ Angle | Angle | Angle [ Angle | Angle |Angle |Angle | Vol | Volt | Volt | Vot | Vol | Volt | Volt | Volt [Volt  [Volt
Equa|Bus 1 [Bus 2 |Bus 3 (Bus S| Busg | Bus 7 | Bus 8 | Bus @ |Bus 10(Bus 11| Mag | Mag | Mag | Mag | Mag | Mag | Mag | Mag [Mag |Mag
Bus 1 |Bus 2 |Bus3 (BusS|Bus© | Bus 7 [Bus 8| Bus? (Bus 10(Bus 11
1 1|Real 22069 -18 -11026 24 -3 -10
2 2|Real 44931 -11232-11234-11232-11232 42 -10 -12 -11 -10
G 3|Real -17 21647 -10814 -10815 -4 24 -9 -11
4 5|Real -10814 10814 -12 g
3 6|Real -11232 11232 -12 10
6 7|Real -11234 112324 -9 12
I 8|Real -11232 11254 -21 -10 15 -3
& 9|Real -11232 11262 -30 -11 25 -14
g 10|Real F11026 -21 11047 -11 -4 15
10 11|Real -10815 -29 10844 -10 -14 24
11 1|Reaq -26 3 11 21017 -17 -103500
1z 2|Reaq] 43 10 1z 1z 11 42394 -105398-105398-10598 -10598
132 3|Reaq 4 -23 10 11 -17 20815-10399 -10399
14 3|Reaq 12 -12 -10399 10398
15 &|Reaq 12 -12 -10397 10597
16 7| Vol 1
17 g|Reaq 11 3 -10398 10619 -20
18 G|Reaq] 12 -26 14 -10598 10626 -28
14 10|Read] 11 4 -13 -10501 -20 10521
20 11|Reaq] 10 15 -23 -10400 -28 10427



Same-Model Topology
Processing

Full Topology Jacobian after Relocation
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Same-Model Topology Processing

Consolidated Topology Jacobian

Mumbe|lacol Angle | Angle [Volt Mag|Volt Mag
Equy Bus 5 Bus 7 Bus 5 Bus 7

1 5 Real 47 -29 16 -14

2 7 Real -30 al -14 18

3 5 Reac -19 15 44 -28

4 7 Vol 4729 16 1
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Numerical Solution

Faster, because the consolidated
representation 1s much smaller.

More stable, because low-impedance
branches are avoided entirely.

Transparent to the user.
Utilizes only one model.
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Existing Architecture
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Process

I

Proposed Architecture
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Potential Advantages

Powerful off-line tools can be directly
utilized to analyze the system in the real-
time environment.

The real-time case can be thoroughly
studied 1n the off-line setting.

Seamless exchange of cases between real-
time and off-line environment.

Inconsistencies between real-time and
planning data can be discovered and fixed.
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Potential Advantages

 Existing applications:
— Power Flow
— Sensitivity Analysis
— Fault Analysis
— Contingency Analysis
— Optimal Power Flow
— Security-Constrained Optimal Power Flow
— Voltage Stability
— Available Transfer Capability
— Transient Stability
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Potential Advantages

 Greatly simplify maintenance and
operation:

— Data managers and application engineers will
deal with less formats and data models.

— A unified set of applications and interfaces 1s
presented to operators, operation engineers, and
planners.
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Conclusions

» Same-model Topology Processing allows
applications to “see” the consolidated
representation of a full-topology model.

* This enables Simulator applications to be
used in the real-time environment.

28




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


