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MICROGRIDS

Microgrids – What are they, lessons learned 
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seven core competencies
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The microgrid energy system concept 

Wind

In-House Co-Gen

Battery

Back-up Generation

Solar

Facility Loads

Utility

A group of generating assets and defined loads that 

can operate within the utility grid or islanded from the grid, 

as a self-sufficient stand alone application 

Local “Grid Within a Grid”

• Delivers Power Resilience, 

Reliability and Uptime

Distributed Energy Sources

• Backup Generation

• In-House Co-Gen

• CHP (Combined Heat and Power)

• On-Site Renewables and Fuel Cells

• Energy Storage (Batteries)

Microgrid Applications

• Islanding & Synchronization 

• Black Start

• Generation/Load Balance Control

• Battery Energy Storage & Frequency 

Regulation

Requires Control System “Glue” 

to Achieve System Performance

Imagery ©2015 Google, Map data ©2015 Google

Critical Loads
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Market segments differ on their goals for 
microgrids and energy storage

Utilities East: Coast: 
Disaster Response

Utilities West 
Coast Renewables 

and Reduced 
Emissions 

Government & 
Institution Segment 

Focus:  Savings 

Navigant Research: 2014

Segment Goals Microgrid/ES Business Cases
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Energy and Grid Transformation
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Eaton’s Microgrid Energy System (MES) 

System BalanceBlack StartBlack Start Frequency & 

voltage control
Seamless 
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System Design
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System Balance

• Generation 

and demand 

priority 

management

• Fast load 

shedding

• Dynamic 

demand 

response

• Dynamic 

energy 

storage 

management

• Protection 

and fault 

isolation

Frequency & 

voltage control

• Islanded 

generator 

Freq. control

• Generation-

demand 

balancing

• Supporting 

renewable 

dynamics

• Ramp rate 

control

• Ancillary 

services

• Energy 

storage 

integration

Seamless 

islanding

• Unintentional

(Seamless) 

islanding

• Fast grid-fault 

detection, 

isolation and 

safety 

interlocks

• Load 

shedding

• Source 

management

• Grid 

reconnection

Lowest cost

• Utility 

Demand 

Response 

functionality

• Energy 

arbitrage

• TCO 

optimization

• Fossil fuel 

conservation

• Peak shaving

• Load shifting

• Conservative 

voltage 

regulation

Renewable 

optimization

• Smart 

inverter 

controls

• Energy 

storage 

integration

• Adaptive 

system to 

weather and 

price forecast

• Renewables 

maximization 

option to 

save fossil 

fuel

System Design

• Open Comm 

standards

• SCADA & 

enterprise 

interface

• Modular, Pre-

engineered 

templates

• Legacy asset 

compatible

• Adaptable to 

future asset 

changes

Microgrid Design and Use Cases
- Key Features

Black Start

• Gen source 

start-up

• Sequencing

• PQ stabilization

• Load sequencing 

& management

Black Start

• Safety 

interlock for 

grid isolation

• Gen and 

renewable 

source start-

up

• Paralleling 

sources

• Power 

Quality 

stabilization

• Load 

sequencing & 

management
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Utility storage / microgrid demonstration project

Project goals

• Investigate energy storage and 

islanding to supply energy to 

customers during an outage

• Coordinate utility feed with distributed 

generators, battery storage, solar PV 

and wind power

Primarily two methods of operation

• Grid connected - for load support, 

peak shifting, spinning reserve, wind 

firming, solar firming, kVAR supply

• Islanded / disconnected from grid –

disconnect from grid and pick up load 

and regulate frequency and voltage 

and reconnect back to the grid 
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5 MW utility battery storage system components

Batteries

• 1 MW / 1.25 MWh EnerDel Lithium-Ion battery 
blocks and battery management system                 
(x 5 for total of 5 MW)

Inverters

• 20 Eaton PowerXpert 250 kW inverters, adapted 
for battery storage application 

Associated AC Power System

• Low-Voltage switchboards

• Step-up transformers

• Medium-voltage switchgear, metering, protection

• UPS (for control)

Storage Master Control System

• Integration services to coordinate and regulate 
operation of multiple inverters and battery banks 
and interface with utility control system

One of the first Li ion projects of this size, active since 2012
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Portland General Electric MicroGrid  
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Portland General Electric MicroGrid  
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Portland General Electric MicroGrid  
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Portland General Electric MicroGrid  
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Image credit: Portland General Electric Co.
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 PLC and PC based communications are not easily repeatable

 Energy storage / microgrid controls should be modular and scalable

 Need to communicate to multiple vendor’s equipment

 Utility-proven hardware addressing cybersecurity and NERC* requirements is 

an advantage

 Larger MW inverters simplify the AC grid connection

*NERC = North America Electric Reliability Corporation

Image credit: Portland General Electric Co.
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Energy Batteries

Eaton Storage 

inverter
Solar Array

Wind 

Turbine

Natural Gas Generators

Building 

5900

Project Focus: Energy Surety / Resiliency for a military campus

Solution developments: 

1. Manage multiple generation sources – natural gas 

generators, solar pv, wind, battery storage 

2. Optimized capital and operating costs via microgrid system 

design

3. Seamless islanding and reconnection to the grid

Eaton provides the “glue” to seamlessly connect and island the microgrid 

Military MicroGrid by Eaton 
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How do you deal with variable energy 
sources?

Addressing variable energy sources if they make up the bulk of available DERs?

Generator Output “mirrors” Solar Variations 
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Thank you

• Dan Dorn

• Senior Microgrid Application Engineer

• DanielDorn@eaton.com

• www.eaton.com/energystorage

• www.eaton.com/microgrid

• Portland General Electric Smart Center Tour

mailto:DanielDorn@eaton.com
http://www.eaton.com/energystorage
http://www.eaton.com/microgrid
https://www.portlandgeneral.com/our-company/energy-strategy/smart-grid/salem-smart-power-center
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