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Chronological History of Microgrids

« Microgrid projects
 Lessons learned
« Technology advancements

 Remaining challenges
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IEC

1984-2004 Microgrid Intelligence

Multifunction Microprocessor Relays
Evolve Rapidly
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Trip and close controls

Sequence of Events records

Oscillography recorder




2002 — Motor Oil Hellas
Korinthos, Greece

Centralized
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2002 — Motor Oll Hellas
Speed Is Essential for Seamless Islanding!

* Front-end processing facilitates scaled
architecture and subcycle communications

* Crosspoint switch enables subcycle
load shedding

« Subcycle load shedding allows seamless
Islanding
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2002 — Motor Oll Hellas
Lessons Learned
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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
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Teach Operators to

Graphical Interfaces

Contingency

NGL BC BF 21

NGL BC B723

NGL BC BT 22

NGL BC BT 20

GOSP-4 BC BM2

GOSP-4 BC B4

GOSP-4 BC BM3

GOSP-4 BC BT 11

GOSP-4 BC B612

GOSP-2 BC B505

HGLIG4 Tie A

HGL/G4 Tie B

GOSP-4 Intertie A

GOSP-4 Intertie B

GOSP-4 GOSP-2 Tie

NGLAGOSP-3 Tie A

NGLAGOSP-3 Tie B

GOSP-3 BC BT

SEL

GOSP-3 BC BT02

GOSP-3 BC BT03

Dispatch Grid Differently




2008 — Presidio, Texas
4 MW NaS Battery Microgrid Controls
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2008 — Presidio, Texas

Inverters Are Not as Robust as
Rotating Machinery
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2010 — BHP Worsley Alumina
Collie, Australia




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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2012 — Chevron Jack
and St. Malo Offshore Platforms
In-D & Chdxéns Ranutydd tegeired!
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Inertia Compensation and

Load Tracking (ICLT)

Balances Power Mismatch for
Underfrequency Events!
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2014 — University of California

Outside San Diego, California
Networks

_‘ Tier 2 and 3

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

Phase 3 —I




2016 — Navy Seabees

Microgrid Controls, Protection, and
Security Can Be Small and Portable
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Modern Microgrids Automatically
Separate, Survive, and Synchronize

Grid-Tied
Operation

Reintegration
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