
ISLAND LIFE – OPERATING 
YOUR MICROGRID IN ISLAND 

MODE

Michael Dempsey

February 21, 2017



►System Configuration – Utility and Campus

►Grounding Considerations

►Protection Issues

►Case Studies

Agenda



Microgrid Definition

A microgrid is

“a group of interconnected loads 

and distributed energy resources 

within clearly defined electrical boundaries 

that acts as a single controllable entity with respect to the grid 

[and can] connect and disconnect from the grid 

to enable it to operate in both grid-connected or island-mode.”

- the U.S. Department of Energy
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System Configuration
► Utility System

• Typically 3-Phase 4-Wire Multipoint Grounded 

Wye

► Campus Distribution System

• 3-Phase 3-Wire Solidly Grounded Wye

• 3-Phase 4-Wire Solidly Grounded Wye

• 3-Phase 3-Wire Low Impedance Grounded Wye

• 3-Phase 3-Wire Ungrounded



System Configuration

► Utility System

• Typically 3-Phase 4-Wire Multipoint Grounded 

Wye

► Serves Both 3-Phase and 1-Phase Load

• Load Current Normally Flows on Neutral 

Conductor



System Configuration
► Campus System

• 3-Phase 3-Wire Solidly Grounded Wye

► Serves Only 3-Phase Load

• No Load Current Normally Flows on 

Neutral/Ground Conductor
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System Configuration
► Campus System

• 3-Phase 3-Wire Low Impedance Grounded Wye

► Serves Only 3-Phase Load

• Ground Current Limited By NGR



System Configuration
► Campus System

• 3-Phase 3-Wire Ungrounded

► Serves Only 3-Phase Load

• No Ground Current Flows Ground Conductor



► Synchronous Generators

• Zero Sequence Impedance Much Less Than 

Positive Sequence

• Some Neutral Impedance Typically Needed

• Method Depends on Load Served

► Single Phase

► Three Phase

Grounding Considerations
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► IEEE 1547

• Section 4.1.2 Integration with Area EPS Grounding

► Not cause overvoltages exceeding rating of equipment 

connected to EPS

► Not disrupt coordination of ground fault protection on 

area EPS

► Unit Connected

► Isolation Transformer

• Delta-Wye

• Wye – Wye

• Delta-Delta

► Can Affect Islanded Operation

Grounding Considerations



► Unit Connected

• Connect Generation at Distribution Voltage

• Typical for Medium-Voltage Installations

• Low Impedance Grounding

• Hybrid High Resistance Grounding

► Generation Subject to Utility Short Circuit 

Current

► Islanding Simplified

Grounding Considerations



► Isolation Transformer

• Delta-Wye

► Eliminates Ground Current Contribution to Utility

• Wye – Wye

► Eliminates Overvoltage Potential

• Delta-Delta

► Eliminates Ground Contribution to Utility

► Generator High Impedance Ground

► Islanding Must Account for Isolation 

Transformer Impact

• Potential for Ungrounded Island

Grounding Considerations



► Unit Connected

• High Short Circuit Available to Generator Regardless of Grounding 

Method When Utility Connected

• Coordination When Islanded – Generation Only Source of 

Generator Protection Issues
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• Delta-Wye

► High Short Circuit Available to Generator Regardless of Grounding Method When 
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► Can Result in Ungrounded Island

• Wye – Wye

► Eliminates Overvoltage Potential

► High Short Circuit Available to Generator Regardless of Grounding Method When 

Utility Connected

• Delta-Delta

► Eliminates Utility Ground Fault Contribution

► Can Result in Ungrounded Island

Generator Protection Issues



► Ungrounded Island

• Connect Zig-Zag Grounding 

Transformer to Island

► Inverter Based Generation

• Very Low Short Circuit Current 

Available When Islanded

• Incorporate Communication-Assisted 

Tripping

► Zone Interlocking

Generator Protection Issues



Case Study

Clemson University/Duke Energy 

CHP



Project Background
► Primary Distribution  Interconnect

► Utility owned substation

► 16MW Synchronous Generation – Utility Owned

• Normally designed to operate grid connected

• Capable of Islanded Operation and Blackstart

► Clemson Distribution System

• 3PH 4W Solidly Grounded Wye

• Serves Both 3-Phase and 1-Phase Load

► Duke Distribution System

• 3PH 4W Solidly Grounded Wye



► Island Operation Required

►Generator Protection Critical – Operational Continuity

►Ground Fault Coordination

• Ground Current Contribution from Generation Acceptable

Design Considerations



NORMAL OPERATION

UTILITY TRANSMISSION UTILITY TRANSMISSION

CAMPUS FEEDERS

CAMPUS BUS

16MW

100 – 12.47kV
Delta-Wye

100 – 12.47kV
Delta-Wye

CAMPUS BUS

12.47 – 12.47kV
Wye-Delta

CAMPUS FEEDERS
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Case Study

Architect of the Capitol CHP



Project Background
► Primary Distribution  Interconnect

► Utility owned substation

► 7.5MW Synchronous Generation

• Normally designed to operate grid connected

• Capable of Islanded Operation and Blackstart

► AOC Distribution System

• 3PH 3W Solidly Grounded Wye

• Serves 3-Phase Load Only

► PEPCO Distribution System

• 3PH 4W Solidly Grounded Wye



► Island Operation Required

►Generator Protection Critical – Operational Continuity

► Isolation Transformer Mandated by PEPCO

• Delta Connection to Utility

• Eliminate Ground Current Contribution from Generation

Design Considerations



NORMAL OPERATION

UTILITY SUBSTATION UTILITY SUBSTATION

PLANT FEEDERS

PLANT BUS B

7.5MW

PLANT BUS A

13.8 – 13.8kV
Delta-Delta

PLANT FEEDERS
Zig-Zag
GND XFMR
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► Island Operation Requires Careful Planning and 

Design

►Driven by Connected System Configuration

►Proper Design of System Grounding

►Careful Consideration of Generator Protection 

Requirements

►Understanding Coordination Limitations

Summary
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