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Today’s data center  facilities are under 
extreme pressure to improve 
performance, operational efficiencies and 
reduce costs.  Continuous availability of 
electricity is critical to meet these goals 

Our microgrid solutions help you achieve:
• Consistent supply of reliable, efficient and 

high-quality power
• An adaptable, secure and responsive 

infrastructure
• Enhanced safety to protect people, property 

and the environment

A challenging environment
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• Megatrends, MicroGrids & 
Segment Drivers
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Aging Grid

Storm Surge

HurricanesStorm Surge

Earthquakes

Solar / Wind 
Grid instability 

Disasters 

Cyber Security

Retiring Plants

Megatrends Impacting today’s US power gird

System Outages
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“What happens if Hoboken goes dark? Mayor 
hopes a $50M microgrid will illuminate vital 
buildings”

House Committee Meetings           
Started Sept. 10th, 2015

 53 gained “Super-user” privileges on DOE 
computers. 

 19 successful attacks in 4 years on Nuclear 
Weapons Stockpile Computers

Renewables: Wind Profile 

http://www.rpi.edu/cfes/news-and-events/Seminars/06%20Sun.pdf

Wind Generator Control Renewables: Solar Profile 

10 min

The last 5 Years: Summary…  
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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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Other Applications: Early focus areas for 
energy storage &  microgrids

PJM –
Now

Frequency 
Regulation

NY / NE –
Emerging
Microgrid /
Resiliency

Government
& Campus –

Emerging
Microgrid /
Resiliency

ERCOT –
Emerging

Frequency 
Regulation

California -
Now -

Energy Storage
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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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When looking for a microgrid solution 

Experience 
& 

Capability

Modular 
Energy 

Controller

Product
s

•Ability to leverage wide Eaton product scope into microgrid
•Utility distribution automation hardware, software, systems, services & planning
•Power transformers, reclosers, full utility distribution equipment line
•Low and medium-voltage switchgear, panelboards/switchboards, assemblies
•Generator paralleling switchgear
•PV and storage smart inverters 

Full 
Product & 

Service 
Supplier

•Deep microgrid application knowledge
•Power system engineering, advanced automation, and control
•Utility distribution and generation system design and planning expertise
•Project management and turn-key implementation
•National service organization & presence
•Extensive generation and distribution installed base

Extensive 
Utility 

Experience 
& Capability

•Scalable system across applications and segments
•Versatile interface & global high-speed communications standards
•Minimize custom engineering and support through system lifecycle
•Suite of optimization strategies meets microgrid goals across many segments
•Leverage existing utility-proven hardware/software platforms
•Ability to retrofit and embrace legacy infrastructure
•Full microgrid field support & consultation services

Advanced 
Microgrid 

Energy 
System

Foundation

Application 
Expertise

Integrated 
Solutions
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• MicroGrid Functions & 
Capabilities 
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Data Center industry drivers:

• Battery Grid Storage: energy stored in batteries can be used for 
benefits beyond traditional UPS applications, supporting behind-
the-meter applications such as demand management, and utility 
ancillary services such as frequency regulation

• Islanding Capabilities: allow microgrid-protected commercial data 
centers to maintain power when the larger grid fails

• Reliability: Combined Heat and Power (CHP) as the scale of 
cooling requirements  increases, additional reliable uninterrupted 
operation through extended periods of grid disruption is proving to 
be beneficial for long-range resilience.

• Power outages becoming alarmingly more frequent and 
widespread
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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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Seamless 
islanding

Microgrid Design and Use Cases
- Key Features

Immediate response to grid separation
•High-speed isolation from grid
•Block inadvertent reconnection
•Microgrid source outputs change to carry internal load
•Microgrid sources regulate voltage & frequency
•Excess load is shed to maintain stability

Sustained control
•Manage sources and loads to optimize stability and meet secondary targets
(maximize renewables, minimize fuel consumption, etc.)

Return to grid
•Ensure stable grid supply
•Coordinate microgrid voltage and frequency to match grid
•Supervise resynchronization
•Re-balance sources & loads to achieve grid-connected targets

Breaker 
Opening

Load 
voltage

Microgrid 
Source 
Current

Intentional Islanding
Under certain conditions (e.g. severe weather) the 
microgrid may be islanded intentionally
•Microgrid sources and loads varied to achieve net-
zero power flow from utility

•Microgrid intentionally isolates from the grid
•Microgrid sources provide voltage and frequency 
control
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Black Start

• Gen source 
start‐up

• Sequencing

• PQ stabilization

• Load sequencing 
& management

Black Start

Microgrid Design and Use Cases
- Key Features

Start Microgrid from “Black” state (no sources)
•Isolate from grid
•Block inadvertent reconnection
•Loads disconnected from sources
•First source started & connected, providing stable voltage & frequency to a portion of the microgrid
•Intelligent sequencing of additional microgrid sources and loads to maintain stability
•Transition to standard islanded operation

Renewable 
optimization

Renewable Optimization
•Sources within the microgrid (esp. energy storage) smooth variations in renewables
•Combined with storage and conventional generation, variable renewables become 
viable sources in islanded applications

•Smart inverter controls enable inverters to be used for Var / Voltage control



15© 2015 Eaton. All Rights Reserved..

Microgrid Design and Use Cases
- Key Features

Source: DOE Storage Handbook 2014 

• Ancillary 
services

• Demand 
response

• Energy 
arbitrage

• Peak shaving

• Load shifting

A variety of sources combined with intelligent source and load control provides grid-tied functionality
•Net Demand Response (combination of load shedding and generation sources)
•Net Demand Management (peak shaving, load shifting, load shedding)
•Energy cost optimization

Microgrid sources, especially energy storage, have additional use cases:
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Microgrid Energy System (MES) 
System BalanceBlack StartBlack Start Frequency & 

voltage control
Seamless 
islanding

Lowest costRenewable 
optimization

System Design
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Microgrid Energy System (MES) 

• Utilizes modular systems design
• Repeatable gen. modules (templates)
• Pre‐format load options
• Suit of pre‐engineered optimization strategies
• Standard set of displays / reports
• Scale templates to match application

• Build on open standards (IEC 61850)

• Achieve a system architecture that’s
• 75% Pre‐engineered
• 15% App. configured
• 10% Custom

• Offer customization as desired 
• Full system simulation testing
• Basis for substation‐based storage/DERMS

MES Design Basis
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Benefits are significant
Customer Benefits

• Repeatable modules require less engineering, 
implementation and testing

• Improved overall cost effectiveness 
• Shorter project cycles – Faster Turnkey Project 
• High system quality  and functional assurance from 
comprehensive system simulation & test

• Improved project confidence with less risk

• Flexible to be more easily reconfigured to reflect 
changing generation  & load assets

• Easier to troubleshoot
• More efficient system support documentation & 
training

• Single point of responsibility
• Turnkey and full lifecycle support

Power Xpert ®  
energy 

optimizer

Microgrid 
Energy 
System
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modular approach supports the 
Cybersecurity Required Zones of Protection
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• Data Center of the Future
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Capital Cost Shifting 
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Energy and Grid Transformation
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So…. what does it look like 
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• MicroGrid Applications   
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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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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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Portland General Electric MicroGrid  
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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 

MicroGrid example chiller plant 
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