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Capacitor Banks
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Voltage Regulators




Voltage Regulators
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Switch on a feeder

Courtesy:

College Station Utilities
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Protective Devices

a fuse cutout or cut-out fuse is a combination of a

fuse and a switch, used in primary overhead feeder lines
and taps to protect distribution transformers from current
surges and overloads. An overcurrent caused by a fault in
the transformer or customer circuit will cause the fuse to
melt, disconnecting the transformer from the line. It can
also be opened manually by utility linemen standing on the
ground and using a long insulating stick called a ‘hot stick’.
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Protective Devices

Fuses contain a narrow
strip of metal which is
designed to melt (safely)
when the current exceeds
the rated value, thereby
interrupting the power to
the circuit.

Circuit Breakers

CBs trip (Open) when
the current exceeds the
rated value, thereby
interrupting the power to
the circuit. In most
cases they can double
as a power disconnect.

Mounting Holes

Condition Label
Current Rating

Input Terminals

Output Erm Els

Actuator

30 AMP 600 VAC

3 POLE
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Power System in a typical city
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Enerqy Flow
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Enerqy Flow
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Distribution System

Step-up

Operational Detalls:
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> Distribution Automation Systems Up 0 100 KW 28
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Distribution Automation System
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Decision support tool for the operator
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Decision support tool for the operator
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Decision support tool for the operator
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Decision support tool for the operator
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Decision support tool for the operator

SW13
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Decision support tool for the operator
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Decision support tool for the operator
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Decision support tool for the operator
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] SW13
Option 1:
e Close SW12 & SW13

. NS
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Typical Distribution Control Room Environment

Source: http://tdworld.com/site-files/tdworld.com/fiIes/uploads/2015/12/PDDCfina‘ff_ZO.jpg
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SCADA - Software Components
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SCADA - Software Components

Control

Open WEBFeederSW4 ?
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SCADA - Software Components

Graphical User Interface

Real Time display
Single Line Diagrams,Graphics,Maps
Trends; Real-time and Historic
Alarms; current and Historic

Interface to control field devices
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Distribution Automation Application Functions

Feeder Reconfiguration for Service Restoration

Feeder Reconfiguration for Load Balancing
Feeder Reconfiguration for loss minimization
Integrated volt-var control

Outage Management

Load Management/Demand Response
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| Remotely controllable switch on a feeder




Network Reconfiguration - Fault Localization

e Fault Location,
Isolation, and Service
Restoration (FLISR) ® 2

Faul

()

and AUtomated Feeder Distribution s/s -..'l
Switching*

*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization
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Network Reconfiguration - Fault Localization

o Localization is faster compared to
manual determination of
faulty section
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Network Reconfiguration - Fault Localization

 Restores service to non-faulty feeder sections by reconfiguration
 Considerations

* Presence of alternate paths

* Operation of LB switches

* Need to have remotely controllable switches

* Restoration based on
- satisfaction of current and voltage constraints
- minimum switches
- minimum losses
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Network Reconfiguration — Service Restoration
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Network Reconfiguration — Service Restoration
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Network Reconfiguration — Service Restoration
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e Considerations

* Presence of alternate paths

* Operation of LB switches

* Need to have remotely controllable switches
* Restoration based on

- minimum switches
- minimum losses
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Network Reconfiguration — Service Restoration

\

Screenshot of Pepco’s Demonstration of FLISR Operations

« Consideratio |. Fault
lose Breaker Occurs on
* Presence of alterr o /_‘ Feeder 001
* Operation of LB _
* Need to have remr a3 ‘_'.;. _ 1 X
* Restoration base | R :
- satisfaction of
- minimum swi

- minimum loss

Open
Switch

Total Time: 51 Seconds
|

270 Customers out

*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf 66



Network Reconfiguration — Service Restoration

e Considerations

* Presence of alternate paths

* Operation of LB switches

* Need to have remotely controllabl

* Restoration based on
- satisfaction of current and volt:
- minimum switches
- minimum losses

2 Major Findings: Reliability and Outage Management

Improving grid reliability can reduce economic losses and customer inconveniences from sustained
power interruptions, which are estimated to cost the economy almost $80 billion annually.** Table 4
summarizes select results from the 46 SGIG DA utilities that applied DA for reliability and outage
management.

Table 4. Rellabllity and Outage Management Results from DA Investments

« Fewer and shorter power disruptions for customers
« Improved reliability performance, as measured by standard reliability indices (such as SAIFI
and SAIDI)—which may be tied to utility performance standards
, olton, andsenice | OUR8e Saus
L FL AU G Remote fault location and monitoring and Optimized restoration
restoration (FLISR) '

Primary

Aim

Function diagnostics dispatch
: and automated ficati
feeder switching
Without DA, utilities rely FLISR operations DA provides operators By integrating
primarily on customer quickly reconfigure with comprehensive  distribution, outage
calls to identify outages. the flow of electricity and real-time outage management, and
With DA, operators and can restore information, and geographic
DESS TG receive field telemetry power to many alerts customers with  information systems,
from fault indicators, line  customers who more timely and utilities can precisely
monitors, and smart would otherwise accurate information  dispatch repair crews
meters to rapidly pinpoint  have experienced about restoration. and accelerate
and diagnose issues. sustained outages. restoration.
« Overall reduced 16 utilities reported reductions of about 146 million customer
customer minutes of minutes of interruption over three years
interruption (CMI) For an outage event, FLISR operations showed:
« Shorter outage events « Up to 45% reduction in number of customers interrupted
Key with fewer affected » Up to 51% reduction In customer minutes of interruption

Impacts customers
ELL
Benefits

About 270,000 fewer customers experienced sustained
interruptions (of >5 minutes) compared to estimated
outcomes without FLISR

« Lower or avoided
restoration costs

« Faster response, dispatch
of repair crews, and
prioritization of repairs

One utility reported repair crews spent approximately 560
fewer hours annually assessing outages

% Lawrence Berkeley National Laboratory, Cost of Power Interruptions to Electricity Consumers in the United States, LBNL-
58164, (LBNL, 2006).

20 Distribution Automation: Results from the SGIG Program

W

*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf 67
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Distribution Automation Application Functions

-~ .-_

Feeder Reconfiguration for Service Restoration
Feeder Reconfiguration for Load Balancing
Feeder Reconfiguration for loss minimization
Integrated volt-var control

Outage Management

Load Management/Demand Response
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Distribution Automation Application Functions

‘ -
Feeder Reconfiguration for Service Restoration

Feeder Reconfiguration for Load Balancing
Feeder Reconfiguration for loss minimization
Integrated volt-var control

Outage Management

Load Management/Demand Response
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Capacitor Banks

Courtesy: College Station Utilities

. _ Courtesy: College Station Utilities 20
Vi o e | ISR tesy:-College Station Utilities



B
Distribution Automation Application Functions
-

Feeder Reconfiguration for

Primary
Aim

Table 14. Voltage and Reactive Power Management Results from DA Investments

+ Reduced wear and tear on capital assets

+ Lower capital and operating costs to keep rates affordable for consumers

+ Protect sensitive electronic equipment—in utility and customer systems—from voltage
and other power quality issues that can damage or limit equipment performance

Conservation

1 . Smart Grid Automated voltage Automated power factor
Feeder Reconfiguration for | B mmmes " e 5 o,
IVWC enables Enables utilitiesto  Monitoring and By monitoring voltages

Feeder Reconfiguration for

Description

automated and
greater control of
voltages and reactive
power levels to
improve feeder

monitor voltages,
determine optimal
control signals, and
use manual or
automated controls

automated controls
enable utilities to
reduce feeder
voltage levels to
reduce electricity

and using automated
capacitor banks, utilities
accomplish power factor
corrections to improve
energy efficiency and

power factors and to regulate voltage use, primarily reduce energy
I nteg rated VO It_var CO ntrOI reduce line losses. levels on particular  during peak requirements for
feeders periods. electricity delivery

Outage Management

Load Management/Demanc

Key
Impacts &
Benefits

U.5. DEPARTMENT OF

+ Reduced line losses to improve energy
efficiency and capacity management

.

Energy savings to reduce emissions and
customer bills

.

Improved voltage management
capabilities and power system
measurement

Reduced reactive power consumption
Generation fuel supply and cost savings
Reduced damage to customer-side
electronic equipment

.

.

Office of Electricity Delivery

T v v

38 utilities employed conservation voltage
reduction to reduce peak demands by 1%—3% on

« Reduced peak demand average per event.
« Improved reliability and reduced outage| One utility reduced annual system energy losses
costs by an estimated 4,500 MWh, resulting in:

« 50.34 million in annual energy savings
» Reduced CO; emissions by about 340 metric
tons

Several utilities improved power factors to near
unity (where power factors equal 1).

One utility in particular:
« Reduced reactive power requirements by
about 10%—13% over a one-year test period
« Increased power factors by 1%—2%

53

ENERGY

and Energy Reliability

*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf /1



Capacitor Banks

Courtesy: College Station Utilities

. _ Courtesy: College Station Utilities 7>
Vi o e | ISR tesy:-College Station Utilities
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lllustration of Distribution Automation System

i —

University Implements Distribution
Automation to Enhance System Reliability
and Optimize Operations

Tyler J. Hjorth
Texas A&M University

Payal Gupta and Ashok Balasubramanian
Schweitzer Engineering Laboratories, Inc.

Copyright © Texss ALM Unbverality and SEL 2016

Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jr‘ﬁversity,
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lllustration of Distribution Automation System
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Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jrﬂversity,
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lllustration of Distribution Automation System

Distribution Automation System
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Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jrﬁversity,



lllustration of Distribution Automation System

P

Distribution Automation System

Feeders E and F

!

r

Pl
v

AT 1
\WVAR,T h W

.__1.
PR ... il ...__ L}

} ....,____.. A\ .-..
..._._“_,.,.r._.......,.-_w..ﬁv. .._.__r..“... A

Ayl

Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jrﬁversity,
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lllustration of Distribution Automation System

Automated Dual Feeder-Looped Circuit
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Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jr%versity,
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lllustration of Distribution Automation System

i

Data Acquisition and Controls

GPS Clock] SCADA

AC

i

Substation Controller
A [

SCADA DATA
DAC DATA
IRIG-B

:

¥ Y

Switches Breakers

Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jrﬁversity,
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lllustration of Distribution Automation System

Distribution Automation System (DAS)

 Fault detection and isolation
» Automatic service restoration

« Automatic source transfer on loss of substation source
« System abnormal condition monitoring

* Response to multiple simultaneous faults

« Automated return-to-normal sequence

Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M Jr%versity,
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lllustration of Distribution Automation System
|

Benefits of DAS

» Determines fault location

« Executes automatic network reconfiguration

» Improves system reliability with reduced outage time
* Increases system operational efficiency

« Reduces operating cost

» Allows easy system expansion with modular and
scalable design

Ref: 69" Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M l?rgversity,
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New Trends in Distribution System Operations

% —

New Paradigm : Smart Grids

 Integration of renewables
* Distributed Energy Resources (DER)

 Integration of renewables

* Protection challenges
 Incipient Fault Identification

e Micro-grids
e Distribution State Estimation
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grid investment. The U.S. Department of Energy (DoE) began distributing $3.4 billion of

these ARRA funds in 2009 in the form of government grants, which were to be matched by

$4.7 billion in private investment, according to the DoE. These grants were to be used for

over 100 projects in 49 of 50 states, and the DoE immediately distributed $47 million to

eight ongoing projects.

n 2009, the American Recovery & Reinvestment Act (ARRA) set aside $11 billion for smart

grid investment. The U.S. Department of Energy (DoE) began distributing $3.4 billion of

these ARRA funds in 2009 in the form of government grants, which were to be matched by
SR e g et ' _ - FEATURED EVENTS
$4.7 billion in private investment, according to the DoE. These grants were to be used for

5

over 100 projects in 49 of 50 states, and the DoE immediately distributed $47 million to There are no upcoming events

eight ongoing projects.

Grants given by the government are to cover up to 50% of the cost of a given smart grid

project. About 25% of SGIG funding went toward smaller projects ($300K to $20 million in

cost), while the remaining 75% went to larger projects ($20-200 million in cost). 0
Below is a list of the top ten largest smart grid projects in the United States based on cost. )

. ; — Bill Rollender
Source: Smart Grid Information Clearinghouse (www.5GlIclearinghouse.org) o

Source: https://www.telecomengine.com/the-ten-largest-u-s-smart-grid-projects/ 83
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1. Charlotte, NC - Duke Energy Business Services LLC Smart Grid Project

This project is a comprehensive grid modernization for Duke Energy’s Midwest electric
system, which encompasses Ohio, Indiana, and Kentucky. The project includes open,
interoperable, two-way communications networks, smart meters for 1.4 million customers,
automated advanced distribution applications, developing dynamic pricing programs, and
supporting the plug-in electric vehicles.

ARRA FUNDING -$200,000,000
TOTAL FUNDING -$851,700,000
2. Houston, Texas - CenterPoint Energy Smart Grid Project

This project includes the installation of 2.2 million smart meters and more than 550 sensors
and automated switches that will help protect against system disturbances such as natural
disasters.

ARRA FUNDING - $200 000 000
TOTAL FUNDING - $639 187 435
3. Miami, Florida - Florida Power & Light Company Smart Grid Project

Energy Smart Florida is a comprehensive project installing over 2.6 million smart meters,
9,000 intelligent distribution devices, 45 phasors, and advanced monitoring equipment in
over 270 substations.

ARRA FUNDING - $200 000 000

TOTAL FUNDING - $578 347 232
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TOTAL FUNDING - $422,570,000

Source: https://www.telecomengine. com/the -ten-largest-u-s-smart-grid- prOJects/
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7. Birmingham, Alabama - Southern Company Services, Inc. Smart Grid Project

Southern Company Services, Inc. is deploying five integrated smart grid technology systems
that enhance energy efficiency, cyber security, distribution and transmission line
automation, and smart power substations. This project will benefit customers in Florida,
Georgia, Mississippi, North Carolina and South Carolina.

APPA FUNDING - $164,527,160
TOTAL FUNDING - $330,130,432
8. Sacramento, California - Sacramento Municipal Utility District Smart Grid Project

Through this project, Sacramento Municipal Utility District is installing a comprehensive
regional smart grid system that includes 600,000 smart meters, 100 electric vehicle
charging stations and 50,000 demand response controls including programmable
thermostats and home energy management systems.

ARRA FUNDING - $127,506,261
TOTAL FUNDING - $307,737,084
9. Las Vegas, Nevada- NV Energy, Inc. Smart Grid Project

NV Energy, Inc is integrating smart grid technologies, including dynamic pricing, customer
communications and in-home networks, grid monitoring, distribution automation,
distributed renewables, and electric vehicles, including the installation of a network of
1,300,000 smart meters.

ARRA FUNDING - $138,000,000

TOTAL FUNDING - $298,000,000
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Top ten Ia rg est 10. New York, New York- Consolidated Edison Company of New York, Inc Smart Grid

. . Project
Smart Grid Projects |
. This project is deploying technologies, including automation, monitering and two way
IN US ba Sed on COSt communications to make the electric grid function two-communications, more efficiently

and enable integration of renewable resources. Also benefits customers in NJ.
ARRA FUNDING - $136,170,899

TOTAL FUNDING - $272,341,798

Source: https://www.telecomengine.com/the-ten-largest-u-s-smart-grid-projects/ -
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Distribution Automation
k RESULTS FROM THE SMART GRID

INVESTMENT GRANT PROGRAM

September 2016
U.S. DEPARTMENT OF
= Office of Electricity Delivery
I'\_SMARTGRIQ'GOV ENERGY and Energy Reliability

Source: https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf
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CASE STUDY: CONSOLIDATED EDISON (CON EDISON)

§113 Y anAR

Investor-Owned 3,578,188

Utility New York, New Jersey Custonee

Distribution Circuits Impacted: [ELUR[ Rl

DA Communication Network:  Master radio sites to upgrade SCADA and wireless

Distribution Automation Devices Deployed

Automated Feeder Switches o 797 Remote Fault Indicators 0 1,851

Automated Capacitors Q 449 Transformer Monitors Q 17,401
$272,341,798 Automated Regulators Q 111 Smart Relays Q 205
Feeder Monitors @ 617 Recloser Controls 307

Remote Battery Monitors 0 17
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CASE STUDY: CENTERPOINT ENERGY

[11] st

- N

Investor-Owned * 2,320,156
Customers

Utility

Houston, TX

k1 (S RI(IM Distribution Substations Impac

DA Communication Network:

RF, WiMAX, and cellular technologies

Bl 31 (of 240)

Automated Capacitors Q Transformer Monitors

Distribution Automation Devices Deployed
Total Cost of DA
ol DI EIGOUE Automated Feeder Switches @ 567 Remote Fault Indicators

R A ) YR T B o W B o
AULODIMdLIED REEUIALOTS 2Mdrt REldy>

(X

X
$120,604,288 o

Feeder Monitors
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CASE STUDY: PPL ELECTRIC UTILITIES CORPORATION

§111 S 1,

1,396,751

Investor-Owned

. ustomer
Utility Pennsylvania EHSS—

Distribution Circuits Impacted: m Distribution Substations Impacted: BUNLIEY[S

DA Communication Network: WIiMAX, cellular, and fiber optic cable

Distribution Automation Devices Deployed
e

Il e GO N Automated Feeder Switches e' 214 Remote Fault Indicators 'a
under 5GIG

Automated Capacitors e' 195 Transformer Monitors a

Automated Regulators e Smart Relays e
$38,108,290

Feeder Monitors a Automated Reclosers e 77

Source: https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf
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R A.4. DA Project Case Studies

Source: https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%?20Automation%20Summary%?20Report_09-29-16.pdf
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~ stud Project Dt
Lase studies Parforemar dlEe
k " " P
. A Sma.rter Electric Circuit: . EPB May-11
Electric Power Board of Chattanooga Makes the Switch
s
. Bright Lights, Big City: A Smarter Grid in New York Con Edison May-11
- At the Forefront of the Smart Grid: ) )
. Empowering Consumers in Naperville, lllinois City of Naperville sep-11
. Vermont Pursues a Statewide Smart Grid Strategy eEnergy Nov-11
Vermont
: :
. Building a Smarter Distribution System in Pennsylvania PPL Dec-11
. A “Model-Centric” Approach to Smarter Electric Distribution ORU Dec-11
Systems
= lendal lifornia Municipal In in Sm ri nhan
P Feb-
. Customer Services and Improve Operational Efficiencies ad eb-12
. Cent.eernt Energy's Smart Gnd s::.-lutmns Improve Operating CantarPoint feb-12
Efficiency and Customer Participation
" . . . R
. Smart Gr}d S-uh!'tmns Strengthen Electric Reliability and Customer EPL un-13
Services in Florida
= i m rid Techn M rni istri n
i I-14
. Infrastructure in New York Lon Edison -1
. Integrated Sn'.lart Grid Provides Wide Range of Benefits in Ohio Duke Energy Aug-14
and the Carolinas
. Smart Grid Technologies Cut Emissions and Costs in Ohio AEP Ohio Oct-15
. Renovating the Grid and R lizing a Nei rh KCPEL Oct-15
e Office of Electricity Dalivery
ENERGY and Energy Reliability ! 99
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GE Advanced Distribution Management Solutions:

Source: https://www.ge.com/power/software/advanced-distribution-management-solutions
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solutions/advanced-fault-management 100
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Siemens: Distribution Automation
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= Components of Distribution Systems
= What is SCADA ?
= Decision Support Tools
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= Components of Distribution Systems
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= Application Functions
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