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CERTS, supported by CEC PIER and US DOE has worked closely 
with CAISO on phasor technology research in support of real-time 
system operations since 2001

Today’s presentation covers:

• How phasor technology can be used to improve electric power 
system reliability

• Current phasor research accomplishments working with CAISO

• The outlook for future acceleration of deployment of phasor 
technologies and applications at CAISO and WECC, including 
renewables integration

Overview of Today’s Presentation
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ATTRIBUTE Traditional Grid Monitoring 
(SCADA)

PHASOR Technologies

Resolution 1 sample every 2-4 seconds 10-60 samples per second

Measured Quantities Magnitude Only Magnitude & Phase Angle

Time Synchronization No Yes

Focus Control Area (Local) 
monitoring & control Wide area (interconnection) monitoring & control

Observability Steady state only Steady state, dynamic and transients

Monitoring Angles, Damping, 
Frequency Response, & Other 

Metrics
No Yes

Oscillation Detection No Yes

Phasor technology is NOT a replacement for SCADA, 
rather it complements existing SCADA systems

Phasor Technologies Give Operators 
MRI-like Visibility of Power Systems

Presenter
Presentation Notes
So what does phasor technology and PMU measurements bring to the table that isn’t currently available through the conventional SCADA systems:

1 – they directly measure phase angles in addition to the traditionally measured quantities such as voltage and current magnitudes, flows, frequency.
2 – they do this 10-60 times a second as opposed to once every 2-4 seconds – offering a new level of visibility into power system dynamics.  At SCADA measurement rates, we can only observe the static or steady state system behavior.
3 – the PMU measurements are precisely time synchronized at the source and are therefore more conducive for wide area monitoring and control.

Additionally, because of these above mentioned properties, there are additional key system stability metrics (damping for example) that can only be obtained from phasor measurements and not from SCADA.

In spite of their advantages, they should be viewed as a complement and NOT replacement to SCADA – providing a secondary layer of backup visibility should the primary SCADA systems fail.
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Inaccurate Dynamic Models were a Cause 
of the WECC 1996 Breakup
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Lack of Wide-Area Visibility Was a Cause 
of the EI Aug 14th, 2003 Blackout

Source: www.nerc.com
Angles are based on data from blackout analysis.
Angle reference is Browns Ferry.

http://www.nerc.com/
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CAISO, SCE, PG&E, and SDG&E Are 
Pioneering The Use of Phasor Technologies 

in California
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CAISO Operator Requested Dashboard
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Expected Research Results – Translate 
Concept to Prototype –Grid Robustness

Question: How well can the system 
withstand disturbances?
Damping (in %) is a measure of the grid’s 
resilience to system events

Decay Rate 
(i.e., Damping)

Desirable Condition 

Bad Situation

Dangerous

Poorly Damped Mode

Alert Threshold
< 5% damping

Alarm Threshold
< 3% damping

Damping Margin
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Monitor :
Low Frequency 
oscillatory 

modes 
across the 
interconnection

Waterfall to 
identify 
oscillation freq. 
and it’s trend 
over 
time 

Frequency-
damping 
plots to track % 
damping of 
different 
oscillatory 
modes in real 
time
(3% and 5% 
alerting
and alarming
thresholds 
shown)

Stability Monitoring – Small Signal 
Stability – Prototype Operator Display
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10

ARRA Smart Grid Investment Grants are 
providing $~150+M for phasor technologies

~ 100 networked units now in place both within 
Western and Eastern Interconnections.

Credit: PNNL/Jeff Dagle.

~ 170 PMUs

WECC: +250-300

MISO: +150 PJM: +150

ISO-NE:+30

NYISO:+39

Duke: +45

Presenter
Presentation Notes
160 currently
Another 700-800 being added through 2012 – SGI grants…more from TO’s 

Every major point will be covered
Production quality systems

How can this information be used by NERC???

You need. We got.
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Slide 11

Western Interconnection 
Synchrophasor Project

GOAL – ALL 500 KV SUBSTATIONS, RENEWABLES AND KNOWN CONGESTION POINTS
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Slide 12

CAISO Timelines –
Synchrophasor Projects

Red Necessary and Critical
Blue Critical with Added Benefits
Green Moderate Needs & Requires more Investigation

Source:  Jim McIntosh, NASPI Meeting,  Feb. 2010
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Utilization of Smart Grid and Phasor technologies to boost utilization of 
existing transmission to facilitate renewables integration 

Proposed Areas for Research 
• Current constraints, limiting factors, technology solutions
• Smart Grid Phasor Applications Feasibility Assessment – dynamic ratings, 

RAS, SVC Dispatch, Global Voltage monitoring and local control, 
equipment monitoring

• Research prototypes, testing, demonstration, field trials, implementation

Context:
• California needs to integrate 30,000 MW of renewables in next 20-years 

(CERTS/EPG Study)
• Transmission is a key enabler for integration 
• Current transmission use is limited by stability constraints – e.g., 20,000 

MW transmission gateway capacity in Southern California vs. 10,000 MW 
ratings;  COI thermal capacity of 7,000 MW vs. rating of 4,800 MW

• New transmission – long lead time, siting issues, expensive

Renewables Integeration
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