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Value Proposition

Cost to Modernize Benefit of Modernization
« $338-$476B over 20 years « $1294 — 2028 Billion
— $82-90 B for transmission e Overall benefit-to-cost ratio
— $232-$339 B for distribution of 2.81t0 6.0
— $24-46 B for consumer -_
 lew  High
o« $17-24 B per year pmduc,.,,.f,,
EPRI, 2011 13 13
Emrlr-.':rnmenl 102 390
Copaocity 299 393
Previous Studies Cost 130 e
Benefit to Cost Ratio for West Virginia of 5:1 Guality 42 86
Benefit to Cost Ratio for San Diego of 6:1 Guality of Life 74 74
Benefit to Cost Ratio for EPRI (2004) 4:1-5:1 Security 152 152
$165 B Cost Reliability 281 444
$638 - $802 B Benefits Total 1294 2028
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Smart Grid Field Projects
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Smart Grid Field Projects

> ARRA provided $4.3B for DOE Smart Grid projects; $9.8B with cost share

» Smart Grid Demonstration Program (SGDP) (32)
— Smart Grid Regional Demonstrations (16)
— Energy Storage Demonstrations (16)
» Renewable and Distributed Systems Integration (RDSI) Demonstrations (9)
» Smart Grid Investment Grant Program (SGIG) (99)
= Equipment Manufacturing (2)
= Customer Systems (5)
= Advanced Metering Infrastructure (30)
= Electric Distribution Systems (13)
= Electric Transmission Systems (10)
= Integrated and/or Crosscutting Systems (39)

» EPRI Smart Grid Demonstration Projects (12)
» Private Sector
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Technology Deployment in SGIG and SGDP

SGIG and SGDP Areas of Smart Grid Technology Deployment

Customer
Systems

Advance
Metering
Infrastructure

Electric
Distribution
Systems

Electric
Transmission
Systems

Equipment
Manufacturing

 Displays
 Portals

 Energy
management

e Direct load
controls

e Smart meters

* Data
management

» Back office
Integration

* Switches

» Feeder
optimization

* Equipment
monitoring

* Energy storage

 Wide area
monitoring and
visualization

* Phasor
measurement

» Grid
optimization

* Energy devices
» Software
» Appliances
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Functions
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Smart Grid assets can serve multiple
applications leading to multiple benefits

Function/
Application Benefit #1
A

Function/
Asset B Application Benefit #2
B

Function/

Asset C Application Benefit #3
C |
Function/ |

Asset D Benefit #4

Application
D
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Smart Grid Functions

Smart Grid Functions

Overview

Fault Current Limiting

Can be achieved through sensors, communications, information processing, and actuators that
allow the utility to use a higher degree of network coordination to reconfigure the system to prevent
fault currents from exceeding damaging levels.

Wide Area Monitoring,
Visualization, & Control

Requires time synchronized sensors, communications, and information processing that make it
possible for the condition of the bulk power system to be observed and understood in real-time so
that action can be taken.

Dynamic Capability Rating

Can be achieved through real-time determination of an element’s (e.g., line, transformer etc.) ability
to carry load based on electrical and environmental conditions.

Power Flow Control

Flow control requires techniques that are applied at transmission and distribution levels to influence
the path that power (real & reactive) travels. This uses such tools as flexible AC transmission
systems (FACTS), phase angle regulating transformers (PARS), series capacitors, and very low
impedance superconductors.

Adaptive Protection

Uses adjustable protective relay settings (e.g., current, voltage, feeders, and equipment) in real time
based on signals from local sensors or a central control system. This is particularly useful for feeder
transfers and two-way power flow issues associated with high DER penetration.

Automated Feeder Switching

Automatic isolation and reconfiguration of faulted segments of distribution feeders via sensors,
controls, switches, and communications systems. These devices can operate autonomously in
response to local events or in response to signals from a central control system.

Automated Islanding and

Automated separation and subsequent reconnection (autonomous synchronization) of an
independently operated portion of the T&D system (i.e., microgrid) from the interconnected electric
grid. A microgrid is an integrated energy system consisting of interconnected loads and distributed

Reconnection . . . : .

energy resources which, as an integrated system, can operate in parallel with the grid or as an

island.

Requires coordinated operation of reactive power resources such as capacitor banks, voltage
Automated Voltage & VAR regulators, transformer load-tap changers, and DG with sensors, controls, and communications
Control systems. These devices could operate autonomously in response to local events or in response to

signals from a central control system.
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Smart Grid Functions

Smart Grid Functions Overview

On-line monitoring and analysis of equipment, its performance and operating environment to detect
Diagnosis & Notification of abnormal conditions (e.g., high number of equipment operations, temperature, or vibration).
Equipment Condition Automatically notifies asset managers and operations to respond to conditions that increase the
probability of equipment failure.

Requires higher precision and greater discrimination of fault location and type with coordinated
measurement among multiple devices. For distribution applications, these systems will detect and
isolate faults without full-power re-closing, reducing the frequency of through-fault currents. Using
high resolution sensors and fault signatures, these systems can better detect high impedance
faults. For transmission applications, these systems will employ high speed communications
between multiple elements (e.g., stations) to protect entire regions, rather than just single
elements. They will also use the latest digital techniques to advance beyond conventional
impedance relaying of transmission lines.

Enhanced Fault Protection

Provides real-time measurement of customer consumption and management of load via AMI
Real-time Load Measurement |systems (smart meters, two-way communications) and embedded appliance controllers that help
& Management customers make informed energy use decisions via real-time price signals, TOU rates, and service
options.

Achieved through real-time feeder reconfiguration and optimization to relieve load on equipment,

Real-time Load Transfer . G o -
improve asset utilization, improve distribution system efficiency, and enhance system performance.

Possible if customers are provided with information to make educated decisions about their
electricity use. Customers should be able to optimize toward multiple goals such as cost, reliability,
convenience, and environmental impact.

Customer Electricity Use
Optimization

Please refer to Table C-1 in the Guidebook for ARRA Smart Grid Program Metrics
and Benefits for definitions of these functions.

http://www.smartgrid.gov/sites/default/files/pdfs/sgdp_rdsi_metrics_benefits.pdf
NATIONAL ENSRGY TECHNOLOGY LASORATORY
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Energy Storage Applications

Electric Energy Time Shift

Involves purchasing inexpensive electric energy when price is low to charge the storage
plant so that the stored energy can be used or sold when the price is high (i.e., arbitrage).

Electric Supply Capacity

Storage could be used to defer and/or to reduce the need to buy new central station
generation capacity and/or to ‘rent’ generation capacity in wholesale electricity markets.

Load Following

Most types of storage can operate at partial output levels with relatively modest
performance penalties, can respond very quickly (compared to most types of generation)
when more or less output is needed for load following, and can be used effectively for both
load following up/down (as load increases/decreases) either by discharging or charging.

Area Regulation

Storage may be an attractive alternative to most generation-based load following: 1) in
general, storage has superior part-load efficiency, 2) efficient storage can be used to
provide up to two times its rated capacity (for regulation), and 3) storage output can be
varied rapidly

Electric Supply Reserve Capacity

Unlike generation, in almost all circumstances, storage used for reserve capacity does not
discharge at all — it has to be ready and available to discharge if needed.

Voltage Support

Distributed storage — located within load centers where most reactance occurs — may be
attractive because reactive power cannot be transmitted efficaciously over long distances.
Many major power outages are at least partially attributable to problems related to
transmitting reactive power to load centers.

Transmission Support

Improves T&D system performance by compensating for electrical anomalies and
disturbances such as voltage sag, unstable voltage, and sub-synchronous resonance.

Transmission Congestion Relief

Storage systems would be installed at locations that are electrically downstream from the
congested portion of the transmission system. Energy would be stored when there is no
transmission congestion, and it would be discharged (during peak demand periods) to
reduce transmission capacity requirements.

T&D Upgrade Deferral

In some cases, installing a small amount of energy storage downstream from a nearly
overloaded T&D node will defer the need for a T&D upgrade.

Substation Onsite Power

Storage systems provide power to switching components and to substation
communication and control equipment when the grid is not energized.

Time-of-Use Energy Cost
Management

Customers charge during off-peak time periods when the electric energy price is low, and
discharge the energy during times when on-peak TOU energy prices apply.

DRY
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Energy Storage Applications

Storage could be used by electricity end users (i.e., utility customers) to reduce the
Demand Charge Management overall costs for electric service by reducing demand charges, by reducing power
draw during specified periods, normally the utility’s peak demand periods.

Storage system provides enough energy to ride through outages of extended
Electric Service Reliability duration; to complete an orderly shutdown of processes; and/or to transfer to on-site
generation resources

Using energy storage to protect on-site loads downstream (from storage) against

Electric Service Power Quality short-duration events that affect the quality of power delivered to the load.

Storage used in conjunction with renewables could be charged using low-value
Renewables Energy Time Shift energy from the renewables so that energy may be used to offset other purchases or
sold when it is more valuable.

Use storage to ‘fill in’ so that the combined output from intermittent renewable energy

Renewables Capacity Firming generation plus storage is somewhat-to-very constant.

Wind Generation Grid Integration, Short

Duration Short duration applications include: reduce output volatility, improve power quality.

Long duration applications include: reduce output variability, transmission congestion
relief, backup for unexpected wind generation shortfall, reduce minimum load
violations.

Wind Generation Grid Integration, Long
Duration

Reference Document — Energy Storage for the Electricity Grid: Benefits and Market Potential
Assessment Guide

(SAND2010-0815, February 2010)
http://www.smartgrid.gov/sites/default/files/resources/energy_storage.pdf
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Metrics
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Some Smart Grid Metrics

Reliability
« Qutage duration and frequency, momentary disruption, power quality

Security
« Ratio of distributed generation to total generation

Economics
« Electricity prices, bills, transmission congestion costs, cost of outages

Efficient

« T&D electrical losses, peak-to-average load ratio
Environmentally Friendly

 Ratio of renewable generation to total generation, emissions per kwh

Safety

* Injuries and deaths to workers and public
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Summary of Build and Impact Metrics

Build Metrics Impact Metrics

» Electricity Infrastructure Assets » Customer Electricity Usage
» Monetary Investments » Utility O&M Costs

» Job Creation » Equipment Failures

» Policies and Programs » Power Quality Incidents

» Marketplace Innovation » Reliability Indices

» Transmission Line, Distribution, and Substation
Load and Overloads

» Deferred Generation, Transmission, and
Distribution Capacity Investment

» T&D Losses

» Power Factor

» Generation Capacity Factor

» Energy Supplied from Distributed Resources
» Electricity Theft

> Vehicle Emissions
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Benefits
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Benefits Analysis Framework

. Benefit .
Benefit Category T Benefit
Optimized Generator Operation (utility/ratepayer)
Improved Asset Deferred Generation Capacity Investments (utility/ratepayer)
Utilization Reduced Ancillary Service Cost (utility/ratepayer)
Reduced Congestion Cost (utility/ratepayer)
Deferred Transmission Capacity Investments (utility/ratepayer)
T&D Capital Savings | Deferred Distribution Capacity Investments (utility/ratepayer)
Reduced Equipment Failures (utility/ratepayer)
Reduced Distribution Equipment Maintenance Cost (utility/ratepayer)
T&D O&M Savings Reduced Distribution Operations Cost (utility/ratepayer)
Reduced Meter Reading Cost (utility/ratepayer)

Economic

Theft Reduction Reduced Electricity Theft (utility/ratepayer)
Energy Efficiency Reduced Electricity Losses (utility/ratepayer)
Electricity Cost -

. v Reduced Electricity Cost (consumer)
Savings

Reduced Sustained Outages (consumer)

Power Interruptions Reduced Major Outages (consumer)

Reliability Reduced Restoration Cost (utility/ratepayer)
Reduced Momentary Outages (consumer)

Reduced Sags and Swells (consumer)

Reduced Carbon Dioxide Emissions (society)
Reduced SOy, NOy, and PM-10 Emissions (society)
Reduced Oil Usage (society)

Reduced Wide-scale Blackouts (society)

Power Quality

Environmental Air Emissions

Security Energy Security

*Methodological Approach for Estimating the Benefits and Costs of Smart Grid
Demonstration Projects, EPRI, January 2010.
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The benefits analysis framework relates key smart grid assets
to thirteen functions that may be enabled.

Wide Area Monitoring,
..|Visualization, and Control
Dynamic Capability
Rating
.. Power Flow Control
..Adaptive Protection
Automated Feeder
_Switching
Automated Islanding and
_..Reconnection
Automated Voltage and
..VAR Control
Diagnosis & Notification
of Equipment Condition
Enhanced Fault
....Protection
Real-Time Load
Measurement &
..Management
Customer Electricity Use
Optimization

. Fault Current Limiting
_Real-time Load Transfer

IAdvanced Interrupting Switch

IAMI/Smart Meters

Controllable/Regulating Inverter ° °

Customer EMS/Display/Portal °

Distribution Automation ° . ° ° .

Distribution Management System ° ° ° ° ° ° °

Enhanced Fault Detection Technology °

Equipment Health Sensor ° °

FACTS Device L e

Fault Current Limiter °

Loading Monitor . ° °

Microgrid Controller °

Phase Angle Regulating Transformer °

Phasor Measurement Technology ° ° ° ° ° ° °

Smart Appliances and Equipment (Customer) L.

Software - Advanced Analysis/Visualization ° .

ITwo-way Communications (high bandwidth) ° ° ° ° ° ° °

Vehicle to Grid Charging Station .
VLI (HTS) Cables . : : : : : - : - d
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The thirteen functions and three energy resources are mapped
to twenty two different benefit categories.

Energy
Resources

Functions

Benefits

Control

zation, and Control
" Diagnosis & Notification of

...Adaptive Protection
Automated Islanding and
].......... Reconnection
Automated Voltage and VAR
..&Management
..Real-time Load Transfer
Customer Electricity Use
...Optimization
.. Distributed Generation
Plug-in Electric Vehicles

B Wide Area Monitoring,
... PowerFlow Control

Fault Current L

..Dynamic Capa

_| Automated Feeder Switching

Optimized Generator Operation
Improved Asset|
Utilization ...............................................................................
Reduced Congestion Cost
5 Deferred Transmission Capacity Investments
T&D Capital
Savings
Economic T&D O&M
Savings
Reduced Meter Reading Cost
Theft Reduced Electricity Theft .
Reduction v S N RS NS N S N RN N
Ef“?’gy Reduced Electricity Losses Ce fe e i e L e ‘e
Effluency : : : : : : : : : : : : : :
Electrlc.ty Cost Reduced Electricity Cost
Savings
P Reduced Sustained Outages . .. . .
owel" Reduced Major Outages
. - Interruptlons . .................................................
Reliability Reduced Restoration Cost
Reduced Momentary Outages
Po Er al't ...............................................................................
wer Quality Reduced Sags and Swells
Reduced CO, Emissions
EnVirOnmenta' AirEmissions .. ...................
Reduced SO,, NO,, and PM-10 Emissions
security  |Enerev Security[Reduced Oil Usage (not monetized) . .
urity gy Security Reduced Widescale Blackouts
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Purpose of Cost and
Benefit Methodology
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Smart Grid Field Projects
Cost and Benefit Analysis Methodology

 Objectives:

— Develop and apply common cost and benefits
methodology across all Smart Grid field projects

— Publish methodology including underlying algorithms
and assumptions

— Enable fair and consistent comparison of different
approaches to Smart Grid implementation

— Ensure that methodology can easily accommodate
changes and expansion

— Enable users to adjust algorithms and assumptions
— Define conversion of field data to input for algorithms
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Impact of Using Cost
and Benefits Methodology

e Assist project team in establishing project goals,
metrics, and data requirements

 Determine specific data to be collected, frequency of
collection, & method of collection

« Determine baseline costs and performance prior to
Introduction of Smart Grid technologies and systems

« Compare cost and performance of circuit(s) before
and after introduction of Smart Grid components

 Allocate benefits to stakeholders

 Develop business case for investors, regulators, and
customers
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Assessing Advances in Smart Grid Functions

 Track build metrics in SGIG/SGDP
 Numbers of Smart Grid technologies
* Functions served by integrated suites of
technologies
* Determine number of customers/load served by
functions

* Determine benefits to utilities, customers, and society
« Attempt to monetize benefits
» Determine cost to achieve benefits

 Document results on Smartgrid.gov
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Computational Software
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DOE has supported development of a
computational tool

Inputs Examples

AMI/Smart Meters,
Automated Feeder
and Line Switching

Assets, Functions,
and Mechanisms

Annual Generation
Costs, Number of
Tamper Detections

Impact Metric
Results

Value of Service,
Price of Capacity at
Peak, Value of CO2

Estimates and
assumptions

Cost Parameters Discount Rate, Total

. Capital Cost,
and Escalation i ettt Rt
Factors Population Growth

High and Low case

Sensitivity Factors Value of CO2

N B

Analvytics

Smart Grid
Computational
Tool

Outputs

Vionetary
Value of up
to 22
Benefits

NPV
Analysis of

Project

Sensitivity

Analysis of
Project
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Non-metric results
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Observational Results

o Utility workers (management, planners, designers, O&M)
» Job impact, complexity, troubleshooting, business model

« Customers (residential, commercial, industrial, agricultural)
» Cost, comfort, convenience, involvement, understanding

 Regulators (Federal, state, and local)
» Used and useful, cost recovery, customer preferences

 |nvestors (IOU, municipalities, coops, ...)
» Business case, risk

 Product and service providers

» Competition and market
_ NATIONAL ENSRGY TECHNOLOGY LASORATORY



Challenges

e Establish baseline performance

— Differences in weather, load, and maintenance
between baseline period and demonstration period

« Data collection, type, frequency, and location

— Under normal operation and “stressed” operation
 Determination of societal benefits
 Monetization of benefits
e Extrapolation of results to larger control area
e Interpreting Smart Grid response to disturbances
« Recognizing regional differences
« Assumptions and algorithms
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Projects

Methodological Approach for
Estimating the Benefits and Costs
of Smart Grid Demonstration

1020342

Final Repart. January 2010

EFRI Projsct Managar
BA. Wiakeatield

Guidebook for ARRA Smart Grid Program

Metrics and Benefits

June 2010

DOE wants to work in partnership]
Smart Grid Demonstration Progra
Distributed System Integration aw
information is required and how i
developing and reporting metrics
Guidebook serves as a way to begi
months, DOE will work with each
the best approach for accomplishi

“This Guidebook has been modified from the Guideby
2009 to tailor to both Smart Grid Demonstration Prog)
Fystem Integration projects.

Guidebook for ARRA Smart Grid Program
Metrics and Benefits

Decrmber 7. 2009

DOE wants to work in partnership with the recipients of
Smart Grid Investment Grant awards to determine what
information is required and how best to gather it for
developing and reporting metrics and benefits. This
Guidebook serves as a way to begin a dialogue. In the coming
months, DOE will work with each grant recipient to finalize
the best approach for accomplishing this task.
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