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• Microgrid projects 

• Lessons learned 

• Technology advancements 

• Remaining challenges 

Chronological History of Microgrids 



• Multifunction protection 

• Remote I/O 

• Metering 

• Power quality monitoring 

• Programmable logic 

controller 

• IEC 61850  

• Sequence of Events records 

• High-speed 

communications 

• Continuous  

self-diagnostics  

• Synchrophasors 

• DC battery monitoring 

• Human interface displays 

• Trip and close controls 

• Oscillography recorder 

1984–2004 Microgrid Intelligence 
Multifunction Microprocessor Relays 

Evolve Rapidly 



2002 – Motor Oil Hellas 
Korinthos, Greece 
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• Front-end processing facilitates scaled 

architecture and subcycle communications 

• Crosspoint switch enables subcycle  

load shedding 

• Subcycle load shedding allows seamless 

islanding 

2002 – Motor Oil Hellas 
Speed Is Essential for Seamless Islanding! 



2002 – Motor Oil Hellas 
Lessons Learned 

Crosspoint Switch  
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2006 – Saudi Aramco 
Shaybah, Saudi Arabia 

    
Plant 3

(69 kV AIS)
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2006 – Saudi Aramco 
Factory Acceptance Tests Improved With 

Hardware-in-the-Loop Testing  
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Generation Runback  
Making Turbine Respond at Speed of Inverter 
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Dynamic Behavior Requires 

Modeling Mechanical and  

Electrical Systems 
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System Synchronization 
Safely Reconnecting Islanded Grids 



Graphical Interfaces 
Teach Operators to Dispatch Grid Differently 
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2008 – Presidio, Texas 
4 MW NaS Battery Microgrid Controls 



Short-Term 

Capacity Limit

Long-Term 

Capacity Limit

Inverter-Based 

Generation

Q

P

Q

P

Rotating 

Generators

2008 – Presidio, Texas 
Inverters Are Not as Robust as  

Rotating Machinery  



Google® 

2010 – BHP Worsley Alumina 
Collie, Australia 

Electric Utility

STG-A STG-B STG-C STG-D

15 MW

STG-C Grid Island
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Steam turbine and boiler 

control scheme changed 

under islanded conditions 

2010 – BHP Worsley Alumina 
Islanded Steam Turbines and Electronic  

Loads May Not Mix! 
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2010 – BHP Worsley Alumina 
Intentional Disconnecting at PCC  

Increases Reliability 
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• Large system designs 

were scaled down in 

cost and complexity 

• Early participation in 

designs reduced costs  

Protective 

Relays

Local 

Visualization

Engineering 

Applications

Thin Clients

IO modules

Microgrid Controller

Layer 1 – Protection

Layer 2 – Controls 

Layer 3 – Visualization

Layer 3.5 – DMZ

Physical Security Perimeter

Firewalls

Firewalls

   Layer 3.5 – Business Networks

Firewalls

In-Depth Cybersecurity Is Required! 

2012 – Chevron Jack  

and St. Malo Offshore Platforms 

 

 

 

Complexity Required to Be  

Scaled Down for Remote Facility 



• User inputs 

 System inertia 

 Load composition factors 

• Live relay measurements 

 Loads and source metering (kW) 

 Frequency and df/dt triggers 

Inertia Compensation and  

Load Tracking (ICLT) 
Balances Power Mismatch for 

Underfrequency Events! 
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Outside 

Networks

Security Gateway
Visualization, Economic 

Optimization, Engineering Tools

Central Controllers

Communications Equipment

Current and 

Voltage Transformers
Circuit Breakers
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2014 – University of California 

 San Diego, California 

Industrial and utility technology, 

procedures, modeling, testing, and 

commissioning methods were a perfect fit! 
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2015 – Borrego Microgrid 2.0 
PCC Is Protection Challenge 



Protection 
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2016 – Navy Seabees 
Microgrid Controls, Protection, and 

Security Can Be Small and Portable 



Modern Microgrids Automatically 

Separate, Survive, and Synchronize 

Islanded 

Operation 

Synchronization 

Reintegration Reconfiguration 

Separation 

Grid-Tied 

Operation 



Questions? 
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