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Issues facing the
electricity sector on
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energy stakeholders, £
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Our Members...

« 450+ participants in more than 40
countries

 EPRI members generate more

than 90% of the electricity in the
United States

* International funding of more than
18% of EPRI’s research,

development and demonstrations

* Programs funded by more than
1,000 energy organizations
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Challenges for the next generation power
system — microgrids part of all these challenges

Distribution Management Applications
’SCADAH DA ch ’ i ‘ DG ‘ I:|)>S|-|N||5'v

Monitorihg, Sensors, and Data Model Based Management

[ Challenges and R&D Needs Cut Across All Levels of the Grid ]
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Microgrids as part of Resiliency Strategies

« Expanding T&D expensive
and difficult

« Hardening of grid very
expensive

» Local resiliency sources
can be very strategic

Recovery Survivability

Hardening

Measures Measures

~—_—
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Microgrids and PV

Figure 2.1 U.S. PV Installations and Average System Price, 2000-2013
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Smart Inverter Technology

DC Power AC Power

Traditional Inverter Functionality Smart Inverter Functionality

« Matching PV output with grid * Voltage Support
voltage and frequency - Frequency Support

* Providing safety by providing - Fault Ride Through (FRT)
unintentional islanding

protection « Communication with grid

» Disconnect from grid based on
over/under voltage/frequency
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Energy Storage has
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Electric Vehicles and Smart Appliances can be
part of the energy management
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Microgrids are about Local Energy Optimization

o

The integrated grid allows Local Energy Optimization
to become part of Global Energy Optimization.
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The Utility Challenge: Integration of Microgrids

Regulatory Challenges:

« Ownership of generation
» Administrative burden of regulation

/ Technical Challenges: \

* Bi-directional power flows

e Fault current contribution
 Unit Level VolIt/VAR support

k Islanded Operation j

Economic Challenges:
» DG technologies still costly and with
uncertain lifetimes

Development of an integrated approach to microgrids opens many opportunities
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Microgrid Design Parameters

Number of customers served

Physical length of circuits and types
of loads to be served

Voltage levels to be used

Feeder configuration (looped,
networked, radial)

Types of distributed energy
resources utilized

AC or DC microgrid
Heat-recovery options

Desired power quality and reliability
levels

Methods of control and protection

© 2013 Electric Power Research Institute, Inc. All rights reserved.

Urban Rural Non-Utility Remote /
Utility Utility Microgrids Island
Microgrids Microgrids Microgrids
Ingl(l)sr?rrir:lﬂgllit/ers Remote
Planned Communities
Application Downtown Islanding University Campus and Loads
Areas
Load Support Residential Geographical
Islands
Development
Improved Reliability; Reliability a.nd . .
. . Power Quality Electrification of
Main Drivers Outage Management;
. Enhancement; Remote Areas
Renewable and CHP Integration . .
Energy Efficiency;

Improved Reliability;

. . Premium Power Supply
Fuel D ; . ) o1oets
ue IVersity; Quality; Auvailability
Congestion Management; .
Benefits . CHP Integration;
Greenhouse Gas Reduction; .
Demand Response Integration of
Upgrade Deferral; Management Renewables
Ancillary Services &
Grid- . . Primary Mode of
Connected Primary Mode of Operation Operation Never
Nearby faults or
Nearby faults or System System Disturbances
Intent}onal Disturbances Times of Peak Always Islanded
Islanding E Pri
Approaching Storms nergy rrees

Approaching Storms

Source: Johan Driesen and Farid Katiraei, “Design for Distributed Energy Resources,” IEEE Power & Energy Magazine,

May/June 2008
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One option —
Integrating Customer DER with Utility Assets

Utility Assets

Micro Gridxs

Controller SCADA/DMS/
/ DERMS* Enterprise

Integrated
Grid

STl

Energy Storage*

K\

@

Isolating Device*

Distribution
Transformer

*New assets
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Grid Interactive Microgrid Controller
for Resilient Communities

. ' I SE R, U-S. DEPARTMENT OF
* Objective: Develop, configure, test © ENERGY
utility-ready, open standard-

compatible microgrid controller

| Ospirae  IINREL
o Per io d O.I: PerfO rmance: Sept 30, NOt Only POSSIDIE. PIOVEN.  NATIONAL RENEWASLE ENERGY LABORATORY
2014 — Sept 30, 2016 S/

o Microgrid Controller =120 | researcn mstinure
Requirements
— Standardized & Scalable |
— Customizable and Interoperable [ ner N ?\X
— Consistent Implementations CORPORATION

support integration

* Three-Tiered Testing and
Evaluation

© 2013 Electric Power Researc h Institute, Inc. All rights reserve d. 15
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Utility Participants and Target Sites

* Central Hudson Gas & Electric

- New York Power Authority Target Communities

 National Grid * Bridgeport, CT

» Orange & Rockland * Woodbridge,CT

* United llluminating - Buffalo Niagara Medical Campus
* Duke Energy

* Entergy

e Tri-States G&T
« Southern Company
* TVA
« PEPCO
* Public Service of New Mexico
* Hydro Quebec
« Xcel
=PI | research msminore

© 2013 Electric Power Research Institute, Inc. All rights reserved. 16



Controller Requirements
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Modes of Operation

Intesface with
Supply Sy stem

Signalthat ndicates

"emaer gency” condtions in the

suppy

Sup ply system pricing

information — actual and

projected prices and othet :>
consts ank (demand

restrictiors, etc).

Market nteracton —Get
supply and bid akter native
information, market prices.
Prowde bids and resource
dep atch schedules . Get
anarded contr acts,
schedues.

Regulatory restrictons —-CO
emisslon bmis | air qualty
condthore, et

Other infor mation usefu for
fore casling —weather daty
other envionmentaldata.

Information for coordination
wih system control —load
and genaration acdual
condtiore and s cha dules |,

Master Controller

availabity of loads and
gener Aonfor demand control

or eamergeancy Iespons e

Cominercnd ol
rerarce Inbmakn

Reaishay v

v aunenks dals
Conkd avifAe bivy
Intanaton

Crllcs dam

cand b ﬂ
=

Uzer hieyexre
anakn

Metering
conditors
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Interface with Local
Resources and
User Settings

Local gener ator configur a8on,
condtions, economics,
characterstics, priories,

Storage configuration
condtions, status, charging,
dicharging schedules,
RCONOMICE

Load configu ation, cond biors ,
2CoNOMIC prorties, controllable
loads, load profiles.

Status of sold state bredcer
(indicates sland condtion whan
opan).

Set points for beal generation,
stor age, and load controless
acoceding o prices and local
economics, adjuste d for
relabiity requiremens (indudes
resource depatch schedule n

resporee to madet bidding).
e
' ~ Set configur tion and user

preferences — priortles,

b cal economis |, efo.
Provide actual conditors —
overal economic
summary and set ponts
tor exsting condtiors.

F or ecast and schedule for
futur e condtions.

18

Mode 1 — Connected to the
Grid (Local Energy
Optimization Mode)

Mode 2 — Emergency Mode
Connected to the Grid
(Operation to Support Grid)

Mode 3 — Islanded Mode
(Optimization of Supply to
Critical Loads)
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Microgrid Technical Challenges : Protection

* Not enough short-circuit current in Microgrid mode for
protection to sense and operate

— Voltage-based protection was recommended : No
need for multiple settings group to support grid or
Islanded operation

» May require additional equipment and change in
protection settings.

* Insulation coordination could be an issue

 Microgrid operation may result in loss of effective ground
reference

Keeping protection scheme simple translates into improved

dependability as well as much simpler analysis in the event of
misoperation
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Use Cases and Functional Requirements

Lke C_ase Information Infor.matlon Name of information exchanged
Scenario Producer Receiver

3.1 SCADA Operator, Critical circuit status - switchgear status
System Microgrid Controller | (open/closed)

3.1 Generator SCADA System Critical circuit status — generator state (off,

pre-armed, armed, generating)

3.1 Automated Operator, Critical circuit status — generator state (off,
Switch SCADA System pre-armed, armed, generating)

3.1 Operator SCADA System Commands to devices in the critical circuit

© 2013 Electric Power Research Institute, Inc. All rights reserved.
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Communication Protocols and Requirements

Microgrid Grid Controller
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PV Sky Image
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Building
Automation
System (BAS)
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PV Generation

Lighting Control
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Power Meter

Data Concentrator
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Network Device

IEC 61850 MMS

Transfer Switch
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Feasibility Assessments — Utility Compatible Grid
Interactive Communities

— Identify scope/attributes for microgrid
Com m u n |ty “Islanded” campus area

{ during utility system outages

— Identify the need, objectives, and benefits Building
. . ‘D— About 2 miles of ’ﬂ‘
— ldentify amount and type of generation [} 132KV Feeder sutaing
mix
— Identify islanded operation modes | Sarans
v 13.2 KV Campus feeders Load

— Identify loading conditions, critical load Uty System —17
. . . . Interface Breaker
identification, DER types, advanced grid
support functions, coordination & control
strategies

ersce reake o o Wiy folts a0 o e

- I d e ntify any E E an d D R 0 ptl O ns transition to islanded state is achieved for the campus without

interruption of DG service

Building Building
Load Load

— Identify infrastructure upgrades
— Identify the tool for the evaluation Taking an Integrated Grid Approach

— Conduct analysis  Customized feasibility studies

— Evaluate range of options - Utility specific Technical/Economic analysis
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Working Towards an Integrated Grid

REALIZING THE FULL VALUE OF CENTRAL
AND DISTRIBUTED ENERGY RESOURCES
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