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Electric Grid Trends and DOE Goals

Grid Modernization Enabled Through a Smart Grid Platform

« Physical infrastructure that measures or monitors data

« Information collected from sensors used for timely decision making
« Enables communication to entire energy supply chain

. Applications that create electrical system or societal value
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Storage and Clean DG Monitoring Automation Automation Integration
and Control Microgrids

Smart Grid with integrated information/communication/power infrastructure

DER Condition Asset Workforce
Integration Monitoring Optimization Effectiveness




Defining Microgrids
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) Microgrid Definition Key Attributes

S| A microgrid is a group of 1. Grouping of

Interconnected loads and Interconnected loads
and distributed energy

'

fi distributed energy resources
Nt within_ clearly defir]ed resources
electrical b_oundarles that 2. Can operate in both
4| acts as a single controllable island mode or grid-
Hral | entity with respect to the
S| grid. A microgrid can connected
connect and disconnect 3. Can connect and |
= | from the grid to enable it to disconnect from the grid
S| operate in both grid- 4. Acts as a single
controllable entity to the

connected or island-mode.
grid




Microgrid Benefits

* Enables Grid Modernization
— Key component of grid modernization
— Enables integration of multiple Smart Grid technologies

« Enhance the integration of DER
— Facilities integration of combined heat and power (CHP)

— Promotes energy efficiency and reduces losses by locating
generation near demand

— Potential to reduce large capital investments by meeting
increased consumption with locally generated power. (Local
generation lowers investment in the macrogrid)

— Encourages third-party investment in the local grid and power
supply
— Potential to reduce peak load




Microgrid Benefits cont'd

=i 1]* Meets End User Needs

: — Ensure energy supply for critical loads.
— Power quality and reliability controlled at the local level
— Promotes demand-side management and load leveling

— Promotes community energy independence and allows for community
involvement in electricity supply.

— Designed to meet local needs and increase customer (end-use)

2 i participation

: *-», e Supports the Macrogrid

— Enables a more flexible macrogrid by handling sensitive loads and
the variability of renewables locally

— Enhances the integration of distributed and renewable energy
resources including CHP

— Potential to supply ancillary services to the bulk power system

— Potential to lower carbon footprint by maximizing clean local
generation

— Potential to resolve voltage regulation or overload issues




How Was the Definition Developed?

« Microgrid Exchange Group (MEG)

« Members: experts and implementers of
microgrid technologies

* Purpose: informational exchange about
microgrid technology and its implementation

« Examples of Topic Discussions
— NIST Interoperability Standards
— Microgrid Project Presentations
— Microgrid Definition Development
— Tour of Microgrid Project
— Microgrid Switch Selection
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Microgrid Design, Testing,

— Demonstration, & Analysis

CERTS Microgrids Testing

* Seamless islanding and reconnection

e Autonomous local control

* Plug-and-play; no custom engineering

* Test the above features with
integration of distributed renewable
sources at the AEP Microgrid Test Bed

Analysis of Microgrids Performance

e Optimize & analyze the economic-
environmental performance of
microgrids

* Conduct policy analysis and market
assessments

* Develop control tools

e Test tools in demonstrations

* Apply optimization methods

Energy Surety Microgrids
Conceptual Designs

Develop conceptual microgrid designs to
meet military base mission critical needs
Cost share development with military
installations

Incorporating safety, security, reliability,
sustainability, and cost effectiveness

SPIDERS Joint Capability
Technology Demonstration

Cyber-security of electric grid

Smart Grid technologies & applications
Islanded microgrid

Renewable integration

Demand-side management

Redundant back-up power systems



Microgrids Didn’'t Happen Overnight

* Article Published this month
Why Two Grids Can Be Better Than One -
How the CERTS Microgrid Evolved from Concept to Practice

» Details long history of CERTS i

(AR

3
§(7. i
K Yoy,
. . g e, o, s
Y Gy e gy, "’co%
, 2 Woop Py g, U tg,
@ Sl g, S § g e 7 ."J"é;, pg,:
',,(r:\(\. A o, Q‘f/»,':"-/ ) M"'m. '
7, ¢ . e
', "‘u.»‘“'*/lv‘\'/q .,‘,*“
and others starte
LR D g TR
- N

“We’re helping to
advance an mdustry that

Joe Eto, Lawrence Berkley
National Lab
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Objective

Expand CERTS Microgrid concepts to
address system integration challenges
presented by need to accommodate
intermittent, distributed renewable
electricity sources within utility
distribution systems

60 kW
Sources

B

ol New 100 kW

InVerde i St

~ Switch

Technical Scope

The CERTS Microgrid Test Bed is being
expanded through the addition of new
hardware elements: 1) a PV emulator and
inverter; 2) a more flexible energy
management system for dispatch; 3) a
commercially available, stand-alone
electricity storage device with CERTS
controls; 4) a CERTS compatible
conventional synchronous generator.

Design Characteristics
Designed for high reliability
»|nsures redundancy: n + 1 sources.
=Based on autonomous local control for fast events
(No central controller)
=Maximizes flexibility: uses plug-and-play peer-to-
peer models; no custom engineering
Promotes intentional islanding
=|nsures stability for multi-sourced systems.

= Seamlessly separates and automatically
resynchronizes with the grid.



_CERTS Test Bed

Inverter -Based CHP DER-CAM

Distributed Energy Resources
Customer Adoption Model

E Open=access f
Commercial Optimization

Product Software

Microgrid compatible with licensed
CERTS power balancing control

software CERTS Microgrid Test Bed

Santa Rita Jail

Facility Maintenance Shop

Field Reporting
Facility [Fast Switch]
Central Utility Plant

Towers
10kW PV
TecoGen
Units
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— — Microgrid Boundary
——— One-line Electrical




Renewable and Distributed
Systems Integration (RDSI)

""f 9 RDSI demonstration projects

#1 = Demonstrate use of distributed
‘ resources to achieve a minimum
of 15% peak load reduction on
distribution feeder or substation

4l = Projects are either microgrids or
! are developing technologies that
will advance microgrids

Eliminates or defers new transmission
MW and distribution capacity, reduces

congestion and decrease electricity
prices and volatility

Peak Load \ 10% Peak Reduction with DER

With DER| | |

Peak Load{ \ Additional 10% Peak Reduction with DER

demand and avoids or
defers investment in new

DER reduces the peak
capacity

1
A e Hours 8760
SR Duration of exposure ILLUSTRATIVE
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Hawaii Clean Energy Initiative

Apply dynamic simulation model
to assess Maui bio-fuels scenarios
for dispatchable renewable power

Provide technical assistance on
design, selection, and
implementation of energy storage
projects

Conduct Lanai island-wide
interconnection study focusing on
new PV installations

Develop steady-state and
transient models for PV system to
analyze PV system integration

Leverage resources to support
the Hawaii-Okinawa Smart Grid
Demonstration project for
PV/PEV integration



RDSI Projects
Over halve of these demos will have equipment

installed and operating by the end of 2011

Chevron Energy Solutions—CERTS Microgrid Demo
at the Santa Rita Jail - large-scale energy storage, PV,

fuel cell

SDG&E—Borrego Springs - demand response, storage, g, Lo\
outage management system, automated distribution Montana | NorthDakota | Minesots @
ContrOI, AMI Oregon NH.

PR . . . daho- YWisconsin W/ Mew Yorl| Mass:
U of HI—Transmission Congestion Relief, Maui - T g L Michigan ®
intermittency management system, demand response,

wind turbines, dynamic simulations modeling

Pennsyluania ; New Jersey

Nebraska owa (0) ;

Nevada Ohi

Ilinois ' Indiana OWest. ‘Md:‘ Delaware

. . ) . Jal orado Virginia Vi;i‘r;a\“* 0e.
UNLV—"Hybrid” Homes - Dramatic Residential Demafg;,.. @ @ ansas | o L/ Kentucky
Reduction in the Desert Southwest - PV, advanced e ot Carles
meters, in-home dashboard, automated demand 0 | " | preico Okiahoma | pransas'—7| " South Caraina
response, storage Pl | abang) Georgi
ATK Space System—Powering a Defense Company Texas |
with Renewables - Hydro-turbines, compressed air Haska g Fioida

storage, solar thermal, wind turbines, waste heat
recovery system

City of Fort Collins—Mixed Distributed Resources -
PV, bio-fuel CHP, thermal storage, fuel cell,
microturbines, PHEV, demand response

Hawaii @

lllinois Institute of Technology—The Perfect Power Prototype - advanced meters, intelligent system
controller, gas fired generators, demand response controller, uninterruptable power supply, energy storage
Allegheny Power—WYV Super Circuit Demonstrating the Reliability Benefits of Dynamic Feeder
Reconfiguration - biodiesel combustion engine, microturbine, PV, energy storage, advanced wireless
communications, dynamic feeder reconfiguration

ConEd—Interoperability of Demand Response Resources - demand response, PHEVSs, fuel cell,
combustion engines, intelligent islanding, dynamic reconfiguration, and fault isolation




Energy Surety Microgrids

« DOE and DOD jointly fund Sandia National Laboratory to work with
military bases to develop energy surety microgrid conceptual designs
* Electric Power Reliability Impacts Mission Performance
* Microgrids can improve mission readiness and alleviate disruptions
 Approach and Benefits

— |dentify base energy
infrastructure changes to
increase energy Supply The Surety Microgrid operates
reliability to support base When the grid is down
critical mission readiness

— Supports base energy
security by improving
utilization of on-site
distributed generation
resources and supports Storage and generation on load side to /
integ ration of renewables match energy performance and readiness a

needs




Energy Surety Microgrids

“DOE and DOD jointly fund Sandia
National Laboratory to work with
military bases to develop energy
surety microgrid conceptual
designs.

2011 Activities

*Document Lessons Learned to
benefit other bases considering
microgrids

*Continue and complete
additional conceptual designs for
military facilities

*Develop tools (sensors and
models) for greenhouse gas
benefits for post-ESM installation

« Army - Ft Sill, Ft. Bliss, Ft. Belvoir,
Ft. Devens, Ft. Carson, IMCOM exploring
2 additional

« Navy/Marines - Indian Head, Camp Smith,
Guam/Okinawa potential

« Air Force - Maxwell, Kirtland, Schriever,
Vandenberg

Washington Maine

Montana North Dakota | Minnesota Wt
Oregon .t

— Q.
) South Dakota Wisconsin L New York S
) Michigan Conn™R..
Wyoming
Pennsyluania ; New Jersey
Nevada Reuzsa o Ohio ”
) llinois | Indiana Md. Delaware
Utah West - el
Colorado Virgipia Virginia ™ D.C.

California Kansas Missouri Hentucky

North Carolina
Tennesee

g(lahoma frkansas ® South Carolina

Arizona New Mexico

i |FlabaMa! Georgia
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S P I D E R S __ Smart Power Infrastructure Demonstration
—for Energy Reliability and Security

Technically sound, commercially viable secure microgrid demonstration with mixed
generation including renewables

First complete DoD installation with a secure, smart microgrid capable of islanding
Template for mission critical asset energy security for an entire installation and
transition to commercial usg

TRANSITION

Template for DoD-wide

CAMP SMITH implementation

ENERGY ISLAND CONOPS
TTPs

FT CARSON Entire Installation Smart Training Plans
MICROGRID Micro-Grid DoD Adds Specs to GSA

Islanded Installation
Large Scale Renewables : : Schedule
HICKAM AFB CIRCUIT | oo e aris High Penetration of Transition to

-3/ nAe SN EEATE Renewables Commercial Sector
Renewables Critical Assets Demand-Side Management

Hydrogen Storage CONUS Homeland Defense | Redundant Backup Power
Hydrogen Fuel Cell Makana Pahili Hurricane

Transition Cyber-
Security to Federal
Sector and Utilities

Energy Management xercise Exercise

VSE SCADA Test at Idaho Lab CYBER-SECURITY SYSTEMS IMPLEMENTED

RIGOROUS ASSESSMENT WITH RED TEAMING IN EACH PHASE



Spiders Results to Date

* Phase 1 Pearl Harbor-Hickam preliminary
design nearly completed

« Conceptual designs for Ft.Carson and Camp
Smith in progress

« Army TARDEC awarded $1.5M contract for

five Smith electric vehicles and charging
stations for Ft. Carson

« Completed initial experiment of cyber strategy

* |ssued Request for Information (RFI), and held
two industry days




American Recovery and Reinvestment Act

Smart Grid Demonstration Program
Results and findings from Smart Grid Demonstrations

may be applicable to microgrids
Other, $0.32

— Smart Grid Demos,
13.7%, $0.620

Resource Assessment &Transmission Planning, $0.08
RN

Smart Grid Interoperability Standards, $0.01 —

Workforce Training, $0.1

Investment Grants, $3.375 ———
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$4.5 Billion for Electricity Delivery

32 Demonstration Projects/$620 million
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* Projects include
— large-scale energy storage
Distributed generation and renewables
smart meters and other customer devices
distribution and transmission system monitoring devices,
range of other smart technologies, and will act as models for deploying

integrated Smart Grid systems on a broader scale
« Demonstrate advanced Smart Grid technologies and integrated
systems to build a smarter, more efficient, more resilient electrical grid




ARRA Smart Grid Demonstration Projects
Microgrid Technologies

Los Angeles Dept of Water and Power—
Fully integrated SG — demand response,

consumer energy use data/behavioral studies,
PHEV

Kansas City Power and Light—Green

Impact Zone — urban end to end SG, Washington b
roof-top solar, storage, EV charging, Montana | North Dakota | Minnesots "
distribution automation, customer programs' """ e o Wik
and energy management interfaces g | Michigan R

. . Pennsyluania ; Ney )
Pecan Street Project—Brownfield Nebracka | 002 u Jersey

: Nevada Hinois \indiand 0‘\# : rng_ Delaware
re.devebpmer?t - m|Xed use deVGlOpme.nt Hah 1 Colorado o Virita Virgina 0.
with green building initiatives, EV charging ' i fansas  Thissour, [ sHentucky
and V-2-G, PV, customer energy Tennesee

. . . .. . ("] Oklah
management, distribution optimization s

Center for Commercialization of Electric
Technologies—Technology Solutions for e ¥ b
Wind Integration and Texas Future Community ®

— community energy storage, demand Hausi

response programs, load interruptible

appliances smart meters, residential PV,

green building standards, EV charging

Southern California Edison—Irvine Smart
Grid Demo — end to end SG from transmission
to customer devices, looped distribution
topology, societal/environmental efficiencies

'NH.

North Carolina

Arizona New Mexico South Carolina

Miss Alabama Geo[gia

Florida

«  AEP—Fully integrated SG including new
distribution management system, Integrated Volt-
VAR control, Distribution Automation, AMI, Home
Area Network, Community Energy Storage,
NaSu Battery, Renewable Generation




Current Microgrid Landscape
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Federal programs, institutions, and the private sector are increasing
microgrid development and deployment. The number of successfully
deployed microgrids will verify the benefits and decrease
implementation risks further expanding the market for microgrids.




Future Plans

1 » Continue ongoing demonstrations and

)| data collection to quantify benefits

/il + 2011 Solicitation for Smart Grid capable
@ Electric Vehicle equipment for smart

charging

S - 2011 Workshop on Microgrid
Development (goal setting and

8y technology development pathways)
.| * 2012 Solicitation to support Microgrid
s workshop findings




Information Sources

Office of Electricity Delivery and Energy Reliability
http://lwww.oe.energy.gov

Smart Grid
http://lwww.smartgrid.gov

Sandia National Laboratory — Energy Systems
http://www.sandia.gov/ERN/fuel-water/index.html

Microgrids at Berkley Lab
http://der.lbl.gov/




