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Agenda

Industry Perspective

Evolving Objectives

Operational Efficiency
* Increase operational productivity

* Reduce capital and operating
costs

« Improve physical/cyber security

Energy Efficiency Customer Satisfaction

.

Improve reliability metrics

* Optimize ener
uspage * T&D + Consumer.empowered to
- Manage growing Opportu nities control energy usage
energy demand » Tighter communications
with Utility
» Extend asset Q
utilization + Additional services

Environmental Impact

* Reduce, avoid and/or
sequester CO2 emissions

* Meet or exceed regulatory
requirements

* Increase environmental
options for consumer
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Focus Is Now On . . .

Intelligent Grid Communications —

Open communications systems supporting standard
devices throughout the electrical grid

Integration of Applications —
SCADA, Distribution Management Systems, Outage
Management and Advanced Metering are becoming tightly
integrated, supporting open interconnect standards

Integration of Intelligent Electrical Devices —

New smart devices including the meter, field switches,
reclosers, fault detectors, capacitors, demand response
devices and distributed generation
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The Intelligent Grid Vision

A power system -

v’ consisting of automated T&D systems, all operating in a coordinated,
productive and reliable manner

v' meeting customer demands with an intelligent communications
infrastructure - enabling timely, secure and adaptable information flow to
meet the needs of the evolving digital economy

v handling emergency conditions with ‘self-healing’ actions and
responsiveness to energy-market and utility needs

%/—-/
Asset Grid Control Data Collection Communications Sensors
Management & Local Control

Source: EPRI® Intelligrid 7

2008
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Operations Today: Custom System Interfaces

Back Office — Design, Planning, Visualization, Billing, Etc.

S Outage Management Metering

Management Distribution Trouble
Management Call

Operations Tomorrow: Merging Data, Applications

Back Office — Design, Planning, Visualization, Billing, Etc.

GIS

Outage Management Metering

Energy
Management Distribution Trouble
Management Call

%/—-/
Asset Grid Control Data Collection Communications Sensors
Management & Local Control o)
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Intelligent Devices Across The Grid

T&D
Stations

Protection

TEIMWl

l{e]

Monitoring &
Diagnostics

Distribution
Devices

Switches &
Reclosers

Caps

eece

Meters

Mobile
Workforce
Distributed,|
Generation|

Home LAN _ (JNCHIRTp

Portal

DSM

Smart Homes
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Intelligent Grid Architecture
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Approach to DA

DA Continuum

None

Full

T ———

Fault Remote Sectionalize Fault Restoration Voltage Load Network
Detection & Control Interrupt Optimization Transfer Automation
Localization

Distribution Automation is not just
a single product or application.

There is a range DA solutions to
optimize the level of automation needed
to meet various challenges.
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Approach to DA

Start with an understanding of:
> Priorities of Objectives
> Scope of Work
— Previously installed equipment
— Previous discussions and work
> Critical Factors of Project
— Safety
— Operations
— Current level of automation
— Communications options
— Costs
— Existing infrastructure
> Other Factors?

171/
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DA Continuum

B 3

Sample Feeder to illustrate examples of
Distribution Automaton
along the Continuum

Sub A
#1

SW 6

SW1 SwW2 SW3 Sw4 SW 5

Type 9

3]

Full

»

Sub B
#2

K
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None

DA Continuum

Full

) o EEE R D

Fault
Detection &
Localization

Functionality: Faults can be detected
between segments along feeder and reported
to localization software in station.

Station software then reports localized fault
location to Dispatch via SCADA.

Sub A
#1

swi Sw2 SwW3 SW4 SW5
F1 F2

Type 9

Benefits: Reduction in average outage times
(SAIDI).

Reduced O&M costs — crews locate faults and
restore service faster.

SW6

Sub B
#2

20/
2008
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None DA Continuum Full

TS

Control

Functionality: Addition of remote control allows
the dispatcher to manually execute the switching
orders and the crews to focus efforts.

sw1 sw2 sw3 swa SwW5 SW6
F1 F2 SubB

Type 9 #2

Sub A
#1

Benefits: Further reduction in average outage
times (SAIDI).

Reduced O&M costs — crews locate faults and
restore service faster.

H
K
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DA Continuum Eull

»PHH»H»H

Functionality: For circuits with station
reclosers, many faults can be automatically
isolated, allowing the recloser to restore
customers.

swi Sw2 SwW3 SW4 SW5 SW6
F1 F2 Sub B

Type 9 #2

None

Sectionalize

Sub A
#1

Benefits: Switching orders are simpler, station

reclosers can be coordinated to isolate faults.
Further reduction in average outage times

(SAIDI) for closer segments as much as 35%.

Reduced costs — crews find faults faster. 2008




DA Continuum Full

S

Interrupt

None

Functionality: Field reclosers interrupt faults
automatically at various points along feeder.

Dispatcher can then manually isolate the fault
and back-feed the feeder as available.

sw1 sw2 sw3 swa SwW5 SW6
F1 F2 SubB

Type 9 #2

Sub A
#1

Benefits: Feeder and station reclosers can be
coordinated to properly isolate faults.

Further reduction in SAIDI.

H
K

MAIFI reduced for customers above recloser.
23/
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DA Continuum Eull

PHH> D H>»H»H

Restoration

None

Functionality: Faults can be automatically localized, sectionalized,
and load around fault is restored automatically. Capacity of
alternate sources is verified and alarmed if insufficient. System is
enabled by and Dispatcher and provides complete reporting.

swi Sw2 SwW3 SW 4 SW5 SW6
F1 F2 Sub B

Type 9 #2

Sub A
#1

Benefits: Switching orders automated to
reduce the customers exposed to a longer

term outage, further reducing SAIDI.
Algorithm can verify proper coordination of
reclosing relays along feeder, then report and

correct for miss-operations. 2000




DA Continuum Full

»H»» »H»H»

Functionality: This type of Restoration, where the normally open tie
switch is normally closed, can provide an reduced level of momentary
outages (MAIFI) for customers not directly involved with the fault.

s

None

Restoration

SwW2 SW3 Sw4 SW 5 SW 6

Sub A
#1

Sub B
Type 9 #2

However, this system requires very high
speed communications and makes the
distribution system difficult to plan.

H
K
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DA Continuum Eull

PHOH>H >N H»H»

Voltage
Optimization

None

Functionality: Distribution Capacitors are automatically operated
based on the needs of the station buss or transformer, within the
limits of the local voltage at the capacitor.

- - -
sw2 sw3 swa | sws | swe |

!!!Iguqllll III III—L—III—LIII-J—

Sub A
#1

Sub B
Type 9 #2

Benefits:

» Sub-transmission losses reduced

« Dispatcher’s notified when fuses blow
» Transformer tap changer operations reduced

» System wide control of voltage, improve load

management 26/
2008
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None

DA Continuum Full

5D S

Transfer

Functionality: Capacity can be dynamically moved from
overloaded circuits to circuits with capacity. Additionally, load can
be transferred to restore load from a de-energized buss.

Sub A
#1

3]

Sub B
Type 9 #2

SW1 SwW2 SW3 Sw4 SW 5 SW 6 Overload
F1 F2

27/
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None

DA Continuum Full
PHDHH>H» s »
Transfer

Algorithm moves portion of feeder to feeder with capacity.

Sub A
#1

swi Sw2 SwW3 SW4 SW5 SW6
F1 F2 Sub B

Type 9 #2

Benefits: Load can be dynamically moved
from overloaded feeders, transformers or
stations delaying the need to upgrade capacity

or build new facilities.

28/
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DA Continuum

TS B

Transfer

Functionality: Load can be transferred to restore load from a de-
energized buss.

SwW2 SW3 Sw4 SW 5 SW 6

Sub A
#1

=SS E .

Type 9

3]

Full

Source
Loss

None DA Continuum

Full

22 EEE 2

Load
Transfer

Algorithm checks cause of voltage loss. Then the Algorithm moves
load to adjacent feeder, by opening feeder breaker and closing the tie.
Sometimes overloading A, which will trigger the Load Transfer
algorithm at A causing further downstream load transfers.

Sw2 SwW3 SW4 SW5 SW6

Sub A
#1

R

Type 9

Benefits: Customer outage times (SAIDI)
significantly reduced for loss of station source.

Source
Loss

15



DA Continuum Eull

T D »

Network
Automation
Network Automation is accomplished by /,gs
adding a Distribution Management System )

(DMS) which will even further: ”

m Reduce operating & maintenance costs . "
P

m Improve operational efficiency

m Improve asset utilization

None DA Continuum Eull
Network

Large European Utility Automation
Full DMS Suite of Applications Impact of Distribution Automation

> over 4 mllllon real tlme pOIntS CUSTOMER MINUTES LOST CUSTOMER INTERRUPTIONS

> Modeling over 40 million network w  SAIDI we | SAIFI

components é - —— E “ @ N~

> 650 Primary RTUs, 1700 Circuits fo bl sl | é: ol e

> 6000 Distribution Automation RTUs § i°

> Serving over 5.5 million customers e e =

> Comm|88|oned In 18 months Performance Data publicly available from Website

In first 18 months:

+ 18 Customer Interruptions (SAIFI) saved since automation installed.
« Consistent fast response to restoration of healthy network.

* Improved performance from control engineers.

* Savings in excess of $3 million.

32/
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Standardized Network Models
O [ ]
Type A=
Source - GVR
o U D—CO— =]
N Y =
.A. .A. m Type E2 = Source - %
Type B = RMU - GVR - NOP -/
Source - GVR
- GVR - NOP
OO—OXO—OX— e |
Type B2 =GVR - Type F1 = Source
GVR - GVR - NOP - RN2 - RN6 - NOP %
A D [or ]
Type C = }X{
Source - RN2 - N\
NOP Type F2 = Source
- RN6 - RN2 - NOP
D —=]
TypeD= m
Source - RN6 - g 'a‘n' '%v?'
NOP Type F3 = Source XN é
-RN2 - RN2 - NOP
O A~1D [or |
Type E1= }X{
Source - GVR Y,
-RMU - NOP
33/
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Example Trip and Auto-Sectionalize

Distribution Automation RTUs on this feeder — 3 sectionalize points and one tie point

Feeder Trip detected in 11kv Primary Substation
* Yellow cross indicates Open circuit breaker

» White cable indicates dead section




Example Trip and Auto-Sectionalize

Earth Fault Passage Indicators on each DA RTU are
polled via radio

* FCl indicates faulted sectiori

Switch at first sectionalize point opened via radio
comms to RTU

* Yellow line indicates open status

18



Example Trip and Auto-Sectionalize

Primary CB Close via priary SCADA comms

» Red cross indicates closed status

* Red cable indicates live section

Switch at second sctionale point pened via radio
comms to RTU

* Yellow line indicates open status

19



Example Trip and Auto-Sectionalize

Tie Point closed via radio/comms to RTU
* Red line indicates closed status

* Red cable indicates live section

Example Trip and Auto-Sectionalize

Faulted Section Isolated in 90 seconds
* Time dependant on communications medium. In this example dial-up RTUs are used.\
» Crew can be dispatched direct to isolated fault section. \

+ Outage time under typical “Short Duration” threshold — does not impact SAIFI/SAg

20



DA Continuum

Full

B 3 3

Benefits —

Provides the operator with the ability to:

L

Network
Automation

Visualize a clear and concise picture of the entire system and the state of the

Automation Algorithms throughout the system.

Optimize the operation of the entire distribution electrical network.

Analyze current and postulated system conditions against a real-time network

or against future planned network.

Easily develop of switching plans beyond those provided by automation.

Minimizing exposure to vulnerabilities and minimize outages.

41/
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Energy

Thank You

The Power of Knowledge -

Distribution Automation “f@;\'ﬁ ‘J:

imagination at work
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