Canada Overview
Microgrid Research and Applications

Contributors:
L. Dignard-Bailey, T. EI-Fouly and M. Stylianou (NRCan)
R. lravani and M. Kamh (University of Toronto)

Vancouver 2010 Symposium on Microgrids
July 21-22, 2010

CanmetENERGY

Leadership in ecolnnovation

i+l
l * I Natural Resources  Ressources naturelles Can a a
Canada Canada




Presentation Plan

= [ntroduction — Canadian Context
= Project Overview

* Role of Demand Response

= Communication Issues

= Summary
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CanmetENERGY
Program ODbjective

To support national S&T efforts that will contribute to the
modernization of the electricity grid network, enhance the
benefits of renewable and clean distributed energy
resources, increase diversity and reliability of supply, and

facilitate recovery after disruptions.
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Microgrid Research Activities

= Technology Assessment and Demonstrations

= Modeling, Simulation and Benchmark Case Studies

= Standards

= National and International Collaboration
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Multiple-DG and Feeder Islanding Study
BC Hydro

"7\ Robson Valley IPP
(3 units, 1.2 MW each)

= Proven approach to
improve reliability

= BC Hydro has over 10
years experience on

islanded distribution

feeders

= Smart grid technologies
required for multiple DG
implementation

East Twin Creek IPP
(3 units, 0.5 MW each)

Shunt Capacitor Ban(' P
SCBI1
(600 kVAR/phase)-

R. Fulton, et al “Planned islanding of 8.6 MVA IPP for BC Hydro system reliability” First International Conference on
the Integration of RE and DER, 1-3 December, 2004, Brussels, Belgium

J. Peralta, et al "BC Hydro perspective on distribution islanding for customer reliability improvement,” Integration of
Wide-Scale Renewable Resources Into the Power Delivery System, 2009 CIGRE/IEEE PES Joint Symposium, vol., no.,

pp.1-2, 29-31 July 2009
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BCIT Campus Microgrid

L/ o |

BCIT's BurnabyCampus

H. Farhangi “A path to smart grid”, IEEE Power and Energy
Magazine, Volume: 8 , Issue: 1 (2009) pp. 18-28
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Smart Microgrid Project, Hartley Bay, BC

Band Office
=July 22 presentation of remote community’s _~» U -
eXperlenCe Inform Measure
= Microgrid research provides valuable case

study for remote and off-grid communities.

= Better understanding of cost-benefit of Control Optimize
N /

advanced metering infrastructure
. Generate -
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Integrating PV in Remote Minigrid
Application — www.lea-pvps.org

5900 - Canada is convenor of IEA collaboration on
5000 PV-hybrid and minigrid Task 11 research

- Research and demonstration project in
Nemiah, BC

Three measures were implemented in the
Xeni Gwet’'in mini-grid and monitored fuel
1130 savings

= Introducing distributed 27 kW Solar PV,
o PV m Commercial load control @30 kW genset| u Addlng Sma"er genset to Optlmlze SyStem,
Fuel savings (in litres) from each of = Reducing commercial loads on weekday evenings

the three implemented measures. and weekends by introducing a contactor to switch
these off. S
- July 22 presentation in remote microgrid
session (T)
WA
nmm
600V Generation Bus 3| 14,400V Distribution Grid Nr
@ B‘E
3 ‘ < 120/240V Critical Commercial Loads Bus
R
% } g‘g 120/240V Daytime Commercial | Bus
Sle

General Diagram of the mini-grid.
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Demand Response

S
—
~
(1]
Fully automated,
five second
response
: ) . intelligently taps
: One-way, high : embedded
: consequence. : responsive load in
: Most programs most buildings
- costly and
Most DR * intrusive

“dispatchable load" " -
driven by manual : “Prayer Vigil
measures

“Sneaker Net"

shed and

“portfolio”

Generation Equivalency

Looks and acts
like a peaking
generator

M2M negotiation
based on local
rules & conditions
manages load

renewables creates

v

yo—

— Yo —
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Source: http://www.pointview.com/data/2008/12/27/pdf/Mike-Frost-3638.pdf
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Role of Demand Responsive (DR)
Buildings

Air & Energy
Reduce GHG emissions
Improve |IAQ
Improve Energy Efficiency
Waste to Energy

measurement & verification,
diagnostics, sensors,

‘control, monitoring,
remote monitoring etc.

Woater it
Reduce wastewater discharge : R Integrated Controls
Lower contaminant release egrated design process HVAC, lighting, energy,

AV, socunty.mrgy.

Waste & Remediation
Reuse and recycle products
Reduce waste disposal
More brown fields instead of green
fields Green architecture

Monitoring and
metering

Source: Frost & Sullivan m
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Demand Responsive Building Architecture

DR Logic

Akuacom Platform
. . Delta BACNET
DR Gen 1A :
N S|gna|m Building Automation Systems
@) TOU ) )
C Market DR Signaling  (XML) - BAGNET
DR Event Price - Control Stategies .
Price
RSener = = e,
Q Data WEB-Service v
: Baseline Meter Data (XML)
S ’ - - o BACNET
= Demand (Pushed)_ __ ____J________ --d < LoadSheddingObject
Energy :
Main :
. o o
vontorng | [l@t@r & || e
Demand ! Meter ul Ing u om
Pulled Energy b
XML Feed I aCk R Orcavegons ORCAview OWS
DATA ! WAN §tem !
)
A i ‘BA’QIeNP e »
Energy e ‘ﬁm !3 BACnet PTP
Information . i
Systems +,  Remote OWS
IESO CanmetENERGY g .
Price (Future) Extraction tools < % S
Data o HVAC £ :a DAC
Database| = , &
sqL | & | Equipment | 8|5 .
Data Archive ™ Sar
DAC VAV
Analysis 3)
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BCIT Campus — BC Hydro
Interconnection

Canada Way Receiving

Station Serving Area
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Canada Way Receiving Modeling and Simulation

Station Serving Area
. Focus on Canada Way and Goard Way

-c?g = e —‘_; Service Areas (P

= Peak Load: 2.122MW
[ ]
, @Full Load Capacjty: 9.2 MVA

27 KW PVs — B T ——
Emergenty Units W) Peak Load: 3 M\ e
= 300 kW Diesel 1
= 15 kW Natural G&s

e

" Ca-

#e | | _,,5

( {
3l
| ey
L T]lJL °
Tl 52 P Dy
l‘ B M P asi=tF 1) = ~ N
|| Distributed Generation at each transformer
J substation to feed its peak load :
-0

Storage at each receiving station for
voltage regulation and power mismatch
balancing during Microgrid operation
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Microgrid Communication “Use Cases”

Microgrid disturbance
Market Signal

BC Hydro outage ) Microgrid disturbance

BC Hydro outage prompts - ~ BC Hydro intentionally ' Microgrid intentionally

automatic disconnection _ \_ disconnects Microgrid _/ A\ disconnect from BC Hydro

Connection to Disconnection
Grid < from Grid

Microgrid initiates
Reconnection to BC Hydro _

BC Hydro initiates
Microgrid reconnection

Microgrid automatically
_ reconnects to BC Hydro

Outage restoration
Market signal
Microgrid disturbance
resolves

Leadership in ecolnnovation

[ §d

~ Qutage restoration
Market signal

Microgrid disturbance

resolves

Outage restoration
Market signal

Microgrid disturbance

resolves
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Standardization Effort Smart Grid

- Participation in Canadian IEC Technical Committee 57
- Communication protocols addressing inter-operability
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Communication Networks and Systems for
Power Utility Automation - IEC TC 57

IEC 61850 Part 7-420 Distributed Energy Resources Logical Nodes

DRCT
ENVR DRAT
Environmental and
Meteorological . _____ N DER Plant Controller or -- XSwi
Parameters—-----""__ ____ > DER Management Controller Tl . Automatic
o DIES Lo 4 A ) L3 =% Transfer Switch
: DFCL H ,_,/I -‘V '.‘ ‘\' “~ //// Function
v DRPV 4= pRGN/ ! < \
DFUL v DINV XCBRy \
. DFRC MMTR
Prime = \ X CBIS/
Mover | L] Inverter E \ DER A/ ¥ PTR
DBAT Generator ¢ Clreuit 1% Utilit
Aux. Batterv ?)tore'lge | 1] Breiker A Circuiyt
D H ET CcVviCce *
- . \ MMXU Breaker
eat System ° MHAI —‘”_ PBRO
Voltage. Speed, and Other Prime o Power System —ad DER PrOFeCthe PBTC
Mover and Storage Device ® Measurements | e Rel__aylng
Controllers e ¥ w ] e e
e N
\ / Load
Prime Circuit Local Loads
Fuel Breaker(s
uel System Moo ] c , Inverter ? DER N (s)
eiljer.a: or é Circuit V-V
ni
Aux. Battery Storage g Breaker @ Station
Device / Servi
ervice
Heat System
Prime Mover = Microturbines, Storage Device = Sup erconducting Inverter = DC to AC Power
Fuel Cell, Photovoltaic System, M agnetic Energy Storage, Bdtery,

Wind Turbines, Diesel Generators,
Combustion Turbines
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Advancement in Transmission and
Distribution Management Systems

Transmission A
Security

Network

Operation
Power Flow
Voltage Profile

Sub-
Transmission

Sub-
Transmission

Reliability
Enhancement

Distribution Distribution Distribution

Distributed Energy
Resources

CanmetENERGY
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Example: Ontario Smart Zone project
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1800-1830 MHz

* |EC 61850 substations
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Summary

= Technical research gaps are being addressed
through demonstration projects

= Provide test results required for revision or update
to standards

= Strengthen Canadian capacity through
dissemination of knowledge and collaborative
projects between publicly funded research centers,
utilities and developers

= Share results at international conferences and

workshops
CanmetENERGY
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4th International Conference on
Integration of

Renewable and Distributed
Energy Resources

December 6 - 10, 2010
Albuguerque, USA

 Register

 Venue

~ Program

- Program at a Glance
- Detailed Program
call for Posters

' Sponsors

_'"‘Pmious cifaren

Organizers

Conference Organizer Host Sponsors

Electric Power Research Institute
3420 Hillview Avenue
Palo Alto, California 94304, USA

Tel: +1 865 218 8026
Fax: +1 865 218 8001

U.S. Department of
Energy

Bl i

Conference-related questions or comments? Please contact EPRI,

Scientific Committee
Scientific Committee Lead: Sandia National Laboratories

Member Organiziation Country HaturaliResaircas
: Canada
Glenn Platt CSIRO Australia
John K. Ward CSIRO Australia Sandia
Andreas Lugmaier  Siemens Austria m Nauonal 4
Laboratories

Hubert Fechner Technikumn Vienna Austria

Sandia National
Laboratories

@v
pl‘,,

Patrick Van Hove European Commission Belgium

Tarek El-Fouly CanmetENERGY Canada
Geza Joos McGill University Canada
Lisa Dignard-Bailey NRCan Canada

Reza Iravani University of Toronto  Canada

John Eli Nielsen Elektro Denmark

Sami Repo Tampere Univ. of Tech. Finland (= r—{| | RESEARGH ueITHUTE
Olivier Huet EDF R&D France M
Juergen Schrnid ISET Germany Research Institute
Philipp Strauss ISET Germany

Brita Buchholt MVV Energie Germany

Yoshiro Owadano AIST Japan
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AIbuquerqu, New Mexico, USA

Invitation to the 4th
International Conference
on the Integration of
Renewable and
Distributed Energy
Resources

= December 6-10, 2010

= Very successful events
every 2 years contributing
to the advancement of the
research to address,
technical, regulatory and

market integration issues.

CanmetENERGY
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Questions

CanmetENERGY research centre in Varennes (Quebec

I ' “-G
ety .

Telfouly@nrcan.gc.ca

Natural Resources Canada, CanmetENERGY
1615, Lionel-Boulet, Varennes, Quebec
http://canmetenergy.nrcan.gc.ca/eng/renewables/integration der.html

CanmetENERGY
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Communication Specifications

“ISO/IEC-7498-1 Information Technology — Open System Interconnection — Basic Reference Model: The Basic
Mode’l, Second Edition, 1994.

“EIA Standard RS-232-C Interface Between Data Terminal Equipment and Data Communication Equipment
Employing Serial Data Interchange”, Electronics Industries Association, August 1969.

“TIA/EIA-485: Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multipoint Systems”,
Engineering Department, Electronic Industries Association, Greenlawn NY, 1985

Ethernet, “IEEE 802.3: IEEE Standard for Information Technology-Telecommunications and Information Exchange
Between Systems-Local and Metropolitan Area Networks-Specific Requirements Part 3: Carrier Sense Multiple
Access With Collision Detection (CSMA/CD) Access Method and Physical Layer Specifications”, Institute of Electrical
and Electronic Engineers.

WiFi, “IEEE 802.11: IEEE Standard for Information Technology-Telecommunications and Information Exchange
Between Systems-Local and Metropolitan Area Networks-Specific Requirements - Part 11: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY) Specifications”, Institute of Electrical and Electronic Engineers.
“Bluetooth Core Specifications”, The Bluetooth Special Interest Group (SIG),
http://www.bluetooth.com/English/Technology/Building/Pages/Specification.aspx.

“Modbus Application Protocol Specification V 1.1b”, The Modbus Organization, MA, USA, December 2006,
http://modbus.com/specs.php.

CANbDus, “ISO 11898-1: Road vehicles - Controller area network (CAN) - Part 1: Data link layer and physical
signalling”, International Organization for Standardization, 2003 — revised in 2006.

“RFC 791: Internet Protocol — DARPA Internet Program — Protocol Specification”, Internet Engineering Task Force
(IETF), 1981, http://tools.ietf.ora/html/rfc791, follow links for various amendments.

“RFC 793: Transmission Control Protocol — DARPA Internet Program — Protocol Specification”, Internet Engineering
Task Force (IETF), 1981, htip://tools.ietf.ora/html/rfc793, follow links for various amendments.

“RFC 2616: Hypertext Transfer Protocol -- HTTP/1.1", Internet Engineering Task Force (IETF), 1999, http://
tools.ietf.org/html/rfc2616, follow links for various amendments.

“RFC 5321: Simple Mail Transport Protocol”, Internet Engineering Task Force (IETF), 2006, http://tools.ietf.org/html/
rfc5321, follow links for various amendments.

“USB Specification”, Consortium of Hewlett-Packard Company, Intel Corporation, Microsoft Corporation, NEC
Corporation, ST-NXP Wireless and Texas Instruments, http://www.usb.org/developers/docs/

IEC 61850-7-420Ed.1: Communication networks and systems for power utility automation — Part 7-420: Basic
communication structure — Distributed energy resources logical nodes, www.iec.ch, 2007
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