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Guest Editorial
Big Data Analytics for Grid Modernization

ADVANCED analytics plays a vital role in the era of
big data, such as managing smart cities, predicting

crime activities, optimizing medicine formula based on genetic
defects, detecting financial frauds, and personalizing marketing
campaigns. Information extracted from the big data benefits
many industries in their day-to-day operations. The deploy-
ment of phasor measurement units (PMUs), smart meters and
other smart devices has offered engineers the access to a large
variety of data at an unprecedented granularity and volume.
However, the old data management systems and applications
are not designed to handle the big data. Therefore, how to
extract actionable information and values out of the big data
and how to integrate the information into grid operations and
planning to ensure the secure, reliable and economical supply
of electricity are becoming increasingly critical.

This special section aims to publish original research
papers and visionary reviews on the technologies, algorithms
and case studies that are associated with big data analytics for
modernizing the electric power grid. The key word “big data”
for this special section can be interpreted from the following
four aspects: data, problem, methodology, and technology.
Firstly, the data involved in the analysis is big in at least one
of its three defining dimensions: volume, variety or velocity.
The big data used in the utility industry includes but is not
limited to smart meter data, phasor measurement unit data,
weather data, and social media data. Secondly, the problem
under investigation is to prepare for analyzing the big data,
such as data compression and data security issues. Thirdly,
the methodology requires customized modeling of individual
components of a system, or leads to in-depth understanding
of the individual components. For instance, estimating the
invisible solar generation belongs to this category. Last but
not least, the technology can be used to help reach the
answer faster, or answer the questions otherwise difficult to
answer. For example, a distributed platform can be used to
speed up the analytic tasks.

After a careful peer review process, 17 papers are col-
lected in this special section. Most of them cover multiple
aspects from the aforementioned list. Based on the smart grid
applications, they are categorized into five groups.

Preparing for Big Data Analytics

Zhou et al. propose a distributed data analytics platform
that is suitable for large volume of streaming data such as
synchrophasor.
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Gadde et al. propose a generalized compression technique
that utilizes both spatial and temporal redundancies exhibited
in the synchrophasor data.

Tong et al. propose the general extreme value distribution
characteristic for household load data and then utilize it to
identify load features including load states and load events.
In this work, a highly efficient data compression format is
designed to store key information of load features.

Vasilakos and Hu present a literature survey on big energy
data analytics and security. The authors propose several tax-
onomies to express the intriguing relationships of various
variables in the field.

Meter-Level Demand Clustering and Forecasting

Y. Wang et al. propose an approach to clustering electricity
consumption behavior dynamics, where “dynamics” refer to
transitions and relations between consumption behaviors, or
rather consumption levels, in adjacent periods.

Ben Taieb et al. address the need within the energy industry
for probabilistic forecasts of household electricity consump-
tion. Those forecasts are necessary to quantify the uncertainty
of future electricity demand in order to undertake appropriate
planning of generation and distribution.

Renewable Integration

Shaker et al. contribute two papers to this special sec-
tion. The first paper establishes the problem of estimating the
aggregated power generation of behind-the-meter solar pan-
els. Those panels are not monitored and thus are “invisible”
to power system operators. The authors discuss several funda-
mental issues arising from inviable solar systems and establish
a base line model for estimating the aggregated output energy
of a large number of invisible solar systems. In the second
paper, the authors propose models and methods to practically
estimate the aggregated solar power generation of a large num-
ber of invisible, small solar panels that are distributed in a large
geographical area.

Zhang and Grijalva propose a data-driven approach for the
detection, verification, and estimation of residential PV sys-
tem installations to allow utilities to detect and monitor PV
installations in their network for maintain grid reliability and
safety.

Wang and Huang propose a theoretical framework for the
cooperative planning of renewable generations in a system
of interconnected microgrids. Simulations based on realistic
data demonstrate that all microgrids benefit through the coop-
eration in the proposed framework, and the overall system cost
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is reduced by 35.9% compared to the non-cooperative planning
benchmark.

Power System Modeling

Peppanen et al. present a computationally efficient distri-
bution system parameter estimation algorithm to leverage the
data collected by smart meters and photovoltaic (PV) micro
inverters to calibrate the model parameters of distribution
feeders.

Chen et al. present a measurement-based method to use
high-speed synchronized voltage and current phasor data col-
lected from PMUs for computing Jacobian matrix. This
method can be used for near real-time system topology estima-
tion, because it readily adapts to changes in system operating
points and topology.

Event Detection and Analysis

Sun et al. propose a novel method to detect and locate power
outages based on the information collected from the social
media. In particular, the authors design a probabilistic frame-
work to integrate the textual, temporal, and spatial information
to identify the events.

H. Jiang et al. investigate big data characterization for
smart grids and its applications in fault detection, identifi-
cation and causal impact analysis. The spatial-domain and
temporal-domain characterizations are combined to reduce the
volume of the big data substantially while preserving the
comprehensive information in the data.

Rafferty et al. propose a real-time detection and classifi-
cation algorithm that applies the moving window principal
component analysis (PCA) to frequency measurements.

T. Jiang et al. propose a new method to estimate the dom-
inant modes by monitoring the inter-area oscillations in the
China Southern power grid using PMU data under both the
ringdown and ambient conditions. The state space model is
identified by the data driven stochastic subspace identifica-
tion algorithm. To accurately identify the dominant modes,
repetitive results are calculated with model order variation.
Clustering analysis and stepwise refinement are then applied
to discriminate the dominant modes from trivial ones for
improving the estimation accuracy.

B. Wang et al. present a PMU data application. By mapping
an online power system Transient Stability Assessment (TSA)

problem as a two-class classification problem, the authors
propose to solve the problem using a novel data mining
algorithm, the core vector machine. As long as online PMU
big data are received, TSA can be done simultaneously.

The guest editorial board solicited a long list of research
topics, of which many have appeared in this special section.
We hope that these exemplary papers contributed from indus-
try and academia can offer the readers some state-of-the-art
case studies. One the other hand, we hope that the read-
ers can also recognize the research opportunities from those
important topics not addressed in this special section, such
as data visualization, data-driven dynamic pricing, predictive
asset management, and customer analytics.

ACKNOWLEDGMENT

The Guest Editorial Board would like to thank the authors
for their contributions to this special section, and the reviewers
for their timely and valuable comments during the peer review
process. Special thanks to Dr. Mohammad Shahidehpour, the
past Editor-in-Chief, Dr. Jianhui Wang, the Editor-in-Chief of
the IEEE TRANSACTIONS ON SMART GRID, and the staff of
the journal editorial office for their timely advice and support.

TAO HONG, Guest Editor-in-Chief
University of North Carolina at Charlotte

Charlotte, NC, USA

CHEN CHEN

Argonne National Laboratory
Lemont, IL, USA

JIANWEI HUANG

The Chinese University of Hong Kong
Hong Kong, China

NING LU

North Carolina State University
Raleigh, NC, USA

LE XIE

Texas A&M University
College Station, TX, USA

HAMIDREZA ZAREIPOUR

University of Calgary
Calgary, AB, Canada



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


