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Enhancement of State Estimation Results using Real Time Phasor 
Measurement Data

Context  

Restructuring of the electric industry has led to larger 
control and reliability oversight areas. The competitive 
market has increased the level of energy transactions in 
California and the interconnected, region-wide system, 
and congestion management has been a growing 
concern. These developments have placed greater 
demands on the ability to estimate the status of the 
system needed for reliable grid operations and to 
manage congestion costs. To assess the state of the 
transmission system, operators currently use either off-
line load flow studies or a classical Weighted Least 
Squares (WLS) State Estimator (SE) in real time. In 
offline studies, results are limited by modeling 
assumptions. State Estimators use traditional real time 
(SCADA) data, but this data has limitations because of 
unmeasured portions of the system, accuracy variations, 
and communication channel anomalies that limit system 
accuracy.  

Phasor Measurement Units (PMUs) reliably provide 
time synchronized data that are a direct measurement of 
the system state (magnitudes and phase angles of 
voltages and currents) over a wide area at a very high 
data rate. It is posited that use of these more precise data 
to supplement the traditional measurements would 
address the short comings listed above, and produce 
more accurate state estimation results, thus improving 
the quality of system security assessment.  

Goals and Objectives 

The goal of this project was to integrate PMU data into 
the State Estimator on the Energy Management System 
of San Diego Gas and Electric (SDG&E) with a view to 
improve the quality of the power system state estimation 
output. The successful completion of the project would 
be measured by demonstration of improved state 
calculations and enhanced congestion management as a 
result of the phasor measurement integration. These 
would include improved power system security 
assessment for SDG&E, congestion cost savings for 
ratepayers, and additional phasor visibility for use in 

California ISO’s operator tools and software 
applications.  

Description  

This project potentially consisted of two phases. Phase 1 
dealt with the use of phasor data in state estimation. If 
Phase 1 results justified further work, Phase 2 would 
demonstrate the use of  phasor data to more effectively 
manage congestion on the between two key substations 
on the Southwest Power Link (SWPL). 

In Phase 1, PMUs were installed at 5 locations and 
communications established. The SDG&E EMS system 
was upgraded to accept and integrate phasor data, and 
the performance of the system measured with and 
without the use of the additional phasor data.  

At the conclusion of Phase 1, the results were reviewed 
to determine whether to proceed to Phase 2. In Phase 2, 
the improved estimates would have been used to 
optimize congestion management on SWPL and 
particularly at Miguel (western terminus of SWPL).  

Key Results/Conclusions 

Phasor data was successfully integrated into the 
SDG&E EMS system. However, an evaluation of 
results indicated that overall accuracy was only very 
slightly improved. One conclusion was that a 
substantially larger number of PMUs would be required 
to give more significant accuracy improvements. Based 
on Phase 1 results, the decision was made to not 
proceed with Phase 2. 

Why It Matters 

Improved accuracy of state estimation can yield 
improvements in grid operations and a significant 
reduction in congestion management costs with the 
associated benefits to ratepayers. 

 

{More details} 
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Participating Organizations 

Principal Investigator:   

California Institute for Energy and Environment 

 

Research Partners:   

 San Diego Gas and Electric Co. 
Electric Power Group 
OSISoft, Inc 
GE Energy Management Services 

Project Start Date: September 15, 2006 

Project End Date: February 28, 2009 

CEC Contract No.:  500-02-004 

CEC Work Authorization: MR-053 

Reports 

Final Report: Implementation of Phasor 
Measurements in San Diego Gas and Electric State 
Estimator 

Funding 

 
 
 
 
 
 
Funds for this project came from a $395,000 award 
by the CIEE under a research contract 500-02-004 
awarded to CIEE by the California Energy 
Commission (CEC) through the Public Interest 
Energy Research (PIER)program  
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Dr. Merwin Brown,  
CIEE Electric Grid Research Program Director 
(916) 551-1871 
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