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Voltage Control BackgroundVoltage Control Background

• System Operator Monitors
– Bus voltages in system
– Voltage limits and alarms

– VAR flows
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Monitoring System VoltagesMonitoring System Voltages

• Observe Critical Bus Voltages
• Observe Voltages in an Area
• Observe Voltage Alarms
• Monitoring Sources

– EMS, Mapboard, Trend Reports, Field Reports, Customer 

 Complaints (through PJM members)
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Analyzing Voltage ProblemsAnalyzing Voltage Problems
• Low Voltage

– Due to excessive VAR loading
– Due to voltage regulation malfunction

– Due to excess VAR loads on system
– Due to Solar Magnetic Disturbance

• High Voltage 
– Due to light load
– Due to switching in a line with high capacitive charging current

• Temporary Voltage Fluctuations
– Temporary voltage fluctuation can be caused by load surge

– Flicker can be caused by large pulsating loads
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Voltage SchedulesVoltage Schedules

• NERC Standard VAR‐001:
– Generation Owners who have not been provided a voltage schedule 

 or a low and high bandwidth by a Transmission Owner are required

 

to 

 follow the PJM default voltage

PJM Default Generator Voltage Schedules 
Voltage Level 765 kV 500 kV 345 kV 230 kV 138 kV 115 kV 69 kV 

Schedule 760 525 350 235 139.5 117.0 68.0 
Bandwidth +/-10.0 +/- 8.0 +/- 7.0 +/- 3.0 +/- 3.0 +/- 3.0 +/- 1.5
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Generation Performance Monitor (GPM)Generation Performance Monitor (GPM)
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Voltage vs Violation Graph
& Data Collection

•Track MW/MVar Generation Performance (MW phase II)
•Provide real-time visualization to PJM, Transmission Owner, MOC, and 
Generators.
•Enhance real-time coordination between PJM, TO, and GO.
•Provide feedback loop to enhance quality of real-time data.
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Voltage Problems Requiring Operator ActionVoltage Problems Requiring Operator Action

• Deviation from Voltage Schedule

• Voltage Limits Exceeded

• Possible Operator Actions
– Voltage may be controlled by

• Generating MVAR

• Absorbing MVAR

• Redistributing flow of MVAR

– Control techniques
• Switch capacitors in/out                ∙

 

Change excitation on generators

• Switch reactors in/out

 

∙

 

Change tap positions on transformers

• Parallel synchronous condensers                            ∙Switch lines/cables
• Adjust generator MW    
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Voltage Operating CriteriaVoltage Operating Criteria
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Generator Automatic Voltage Regulator StatusGenerator Automatic Voltage Regulator Status

• Per NERC Standard VAR‐002

• Reporting of AVR status and Reactive Capability changes 

 accomplished via eDART generator reporting
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Existing ToolsExisting Tools
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Tool  Under DevelopmentTool  Under Development

Optimal Dynamic Voltage Control System 
 (AVC):

• Determine voltage schedule and VAR control system‐wide 

• Achieve the objective of minimize system loss, or maximum of 

 MW transfer

• Improve system voltage profile,  real time security and 

 reliability 
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Results from pilot:
• Average reduction of transmission system loss 1.19% 

 (anticipated energy savings >220 million kWh/year or > $17 

 million/year)

• Average increase of system VAR reserve about 1.08%;

• Improvement on security indices in potential voltage limits 

 violations and potential voltage stability limits violations

Tool  Under Development (cont.)Tool  Under Development (cont.)
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