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Electric Grid Problems are Costly

Á Blackoutsï2003 Northeast Blackout cost $5-10 billion

Á Congestion

ï Annual cost estimated to be several billion dollars

ï DOEôs 2006 National Electric Transmission Congestion Study indicated that 

ñtransmission congestion always has a cost.ò

Á Market Dysfunctionï2001 California electricity crises cost California 

consumers billions of dollars

Á Power Quality and ReliabilityïInadequate power quality and reliability 

costs businesses $50 to $100 billion annually

Á Market InefficiencyïHigher LMP, redispatch, and market power result 

in higher consumer costs

Need Transmission Investments ïUpgrade Existing Grid, Expand 

Infrastructure, Research and Demonstrate New Technologies, and 

Modernize Grid with Monitoring, Visualization, and Digital Technologies
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Understanding Grid Problems and Blackouts 

ïSimilarities with Traffic Accidents

ÁDriver speeding or too slow

ÁCould not stop in time - accident

ÁDid not see it coming

ÁBlew a tire

ÁIce storms, rain, fog ïlost safety 

margin

ÁHeavy traffic

ÁCould not see roadblock

ÁRunaway vehicle

ÁLow tire pressure ïlost control

ÁFrequency excursions ïtoo high or low

ÁUncontrolled load shed -- blackouts

ÁUnfamiliar flow patterns

ÁLost transmission line(s)

ÁOperation in unsafe zone

ÁOver loaded lines

ÁLack of visibility beyond control area

ÁControl area did not contain problem 

within its boundaries ïcascaded

ÁLow voltage ïfast voltage collapse

What do we need to prevent blackouts?
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What Do We Need To Modernize the 

Grid and Prevent Blackouts?

Application of Wide Area Monitoring, Visualization, Analysis 

and Control Technologies to:

Á Provide Real Time Wide Area Visibility

Á Monitor Key Metrics and Standards Compliance

Á Translate Data and Metrics Into Information Dashboards

Á Provide Alarms, Alerts, Warnings for Situational Awareness

Á Initiate Control Actions ïAutomatic or Manual



Page 4

4-25-07

Examples of Grid Reliability Issues

Issues

ÁFrequency Excursions

ÁFrequency Response

ÁLack of Wide-Area Visibility

ÁSystem Dynamic Stress

ÁStandards and Grid Metrics

ÁDynamic Voltage Response

Recent Large Frequency Excursions 
With Changes Over 3,000 MW

Declining Reliability Performance Trend

Bad

Good
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14 Aug 2003

Phase 
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Diverged 

Prior To 

Blackout

August 14, 2003 Blackout

Notes:

Angles are based on data from blackout investigation.

Angles are calculated from a Powerflow Simulation.

Angle reference is Browns Ferry.

Lack of Visibility and Situational 
Awareness Led to Aug. ô03 Blackout
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CERTS/EPG Wide Area Real Time 

Monitoring and Visualization Technologies

Á As a member of CERTS, EPG research focus has been to develop technology solutions 
for real time wide-area monitoring.

Á EPG has developed Grid-3PÊ, a wide-area monitoring technology platform with a data 
layer, algorithmic layer, visualization layer with hierarchical 4-panel displays. 

Á Grid-3P platform is used for reliability monitoring -- NERC applications, Phasor 
Applications e.g., Real Time Dynamics Monitoring SystemÊ (RTDMS) ïresearch and 
development supported by funding from DOE, Office of Electricity, Visualization and 
Control Program.

Á Applications utilize SCADA and time-synchronized high resolution phasor data.

Á Phasors provide MRI of power system compared to x-ray quality visibility from SCADA

Á Application prototypes are in use or test for:
ï Wide-area real time monitoring of key grid metrics, grid performance and standards compliance 

ï Situational awareness to monitor the health of the grid

ï Data archiving for event data for event and post disturbance analysis

ï Alarming, notification, and reports

Á CERTS/EPG approach is to research solutions to reliability problems, develop 
technology applications, test prototypes, disseminate prototypes and incorporate user 
feedback to further refine the prototypes.

Electric Power Group.  All rights reserved.
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Grid-3P Platform Building Blocks 

and Functions

Data Hub
ÅData Collection, 

Archiving and 

Access 

ÅCentral Server ï

Design with 

Configurability, 

Data Filters

Open/Scalable

Architecture
ÅStandard input/output 

formats and interfaces

ÅIntegrate external data 

sources & systems

Monitoring/

Algorithms/Metrics

ÅVoltage ïMag. & Angles

ÅACE-Frequency

ÅInadvertent, AIE

ÅCPS-BAAL

ÅReal & Reactive Power 

Flows

ÅSmall Signal Stability

Visualization
ÅDashboard Display

ÅInterconnection Display

ÅReliability Coordinator 

Display

ÅLocal Display

Alarming
ÅReal Time Alarming on 

Threshold & Rate of 

Change Violation

ÅEngineering Thresholds 

or Mandatory Standards

ÅAutomatic Notification

ÅConfigurability

Reporting
ÅData Quality 

Performance

ÅBaseline Trends

ÅAlarm Logs

Offline
ÅEvent Files

ÅReplay

ÅEvent Analysis ï

Forensic, Disturbances

ÅPerformance Analysis

Configurability
ÅCentral Configurability on Server

ÅLocal Configurability on Clients

ÅFacilitates ñplug-n-playò

ÅAllows for online modification/ 

expansion as new devices are 

added or removed

Wide Area 

Real Time

Monitoring
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Examples of Monitoring Technology 

Prototypes ïSample Screen Shots



NERC Applications ïResource Adequacy, Alarms, Events 
Analysis, Standards Compliance, Reports

E ANALYSIS ASSESSMENT 

STANDARD METRICS

WIDE AREA REAL TIME MONITORING

A
C

D

REAL TIME ALARMINGB

ÅBalance Resource and Demand

ÅFrequency Response

WIDE AREA SITUATIONAL AWARENESS

ÅSHORT TERM: EAST 9/28/2006 (EDT) 

Frequency Absolute value of two most 

recent 1-Minutes: ABS(59.979 

60.027)=0.048Hz>=0.034hz
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Phasor RTDMS Interconnection 

Dashboard 

Dash Board 

Monitor  of 

key metrics

Indicators 

above 

gauges 

provide 

information 

on the 

location

Partitioned 

into RC 

Regions 

Angle 

Difference 

Paths Shown 

in Geographic 

Display

Gauges to 

quantify worst 

performing 

metric (i.e., 

current value, 

mean, standard 

deviation, etc)

Visualization Tiers ïDashboard Summary, Interconnection, Reliability Coordinator, Local Area


