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Part 1: History of Microgrids
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History of Electric Power Systems
➢While many industrialized nations rely on bulk power
systems, the earliest electric power systems were effectively
microgrids.
➢These systems were initially direct current, with alternating
current becoming a competitor.

150,000 Watts

➢Edison’s Pearl Street Station in New York was the first
commercial facility.
➢ Direct current underground
➢ A dingle dynamo (DC generator)
➢ 110V service
➢ 400 lamps primarily in banks and financial offices

➢Due to the technology at the time, these small systems gave
rise to modern bulk power systems.
➢ Improved generation technology
➢ Economies of scale
➢ High voltage AC systems

➢However, due to the advanced in technology, microgrids are
once again a viable options for a range of operational
problems.

805,000,000 Watts

4

What is a Microgrid?
➢There are many definitions of microgrids, some more inclusive
than others.
➢At its core, a microgrid typically has the following three key
functions;
➢ Generation sources
➢ End-use loads
➢ Controls

➢With these three functions included, there are a wide range of
what could be considered a microgrid, including, but not
limited to:
➢ Campus or military base that is connected to the local
distribution utility
➢ Utility owned resources that are coordinated for
reliability/resiliency
➢ Third-party controls that aggregate distributed resources
➢ Remote island and/or mining facility with no connection to a
bulk power system
➢ Ships that can, or cannot, connect to shore power
➢ Space craft that operates extra terrestrially
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Part 2: Modern Microgrids
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Variations in Modern Microgrids
➢While microgrids were once the most common form of electrical power system, for many utilities microgrids are currently
considered an “emerging technology”.
➢Because of the variations in how they are deployed, it is often said that “every microgrid is different”.
➢While the implementation of a microgrid may be unique, all microgrids must accomplish the same fundamental operational
goals.
➢ Maintain a stable voltage and frequency (if an AC system)
➢ Balance load and generation
➢ Be able to reconfigure and/or interconnect to meet operational needs

➢Electrical Sources: Needed by every microgrid to produce electricity.
➢ Rotating machines (diesel and natural gas engines)
➢ Grid-following inverters (most solar PV)
➢ Grid-forming inverters (battery energy storage)

➢Controls: Exist in various forms to maintain a stable system. These may or may not require a communications system.
➢ Centralized: everything controlled from a centralized unit (i.e., through a DMS/DERMS)
➢ Distributed: all controls are remote (i.e., CERTS type microgrids)
➢ Hierarchical: a combination of centralized and distributed control
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How Microgrids are Interconnected
➢The interconnection of a microgrid to the local
distribution system can be achieved through several
different topological structures, as outlined in IEEE std.
1547.4.
➢Because of the complexity of microgrids there are
numerous variations on the listed structures.
➢Regardless of the configuration, the formation and
reconnection of a microgrid must be carefully
coordinated with the local distribution system operator.
➢IEEE 1547.4 only considered a single microgrid, but
the coordinated operation of multiple microgrids in the
form of networked microgrids is being examined.
➢With networked microgrids, there exists the ability to
interact/support bulk power system operations.
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Microgrid Operations

Low
Inertia
with Grid-following
Large
Central
Plant Controls

➢Microgrids follow the same physical principles as bulk
power systems, but their characteristics are different.
➢The time-scales of transients for microgrids are much
smaller than bulk power systems.
➢ Smaller physical control systems
➢ Higher speed local controls

➢Lower inertia systems with grid-following inverter can
experience larger transients due to smaller system
inertia.

Low Inertia with Grid-forming
Smaller Distributed Unit Controls

➢However, lower system inertia can be overcome with
grid-forming inverters. These system can have smaller
transients compared to systems with a large inertia.
➢Microgrid operations present the opportunity for
increased system flexibility, but they will also increase
complexity.
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